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CHAPTER 7

Thinking Counterfactually
and with Discipline

Agent-Based Models for Constructing
and Deconstructing the Future

IAN S. LUSTICK

The Future: Gaining Traction on a Great Unsolved Problem

The chief purpose of knowledge, according to Niccold Machiavelli, .is to

7 control one’s life—not the life one has already lived, but the life to be lived,

with all its dangers and opportunities. In other words, the purpose of pur-
suing knowledge systematically (i.e., the purpose of science) is to solve the
problem of knowing as much as possible about the future, a place impossible
to visit, filled not only with danger and risk but also perhaps with oppor-
tunity. Contemporary social science remains powerfully committed to this
ethos. Grant applications promise the prince that science can help effectively
defend against potential threats and exploit possible opportunities.

'The key difficulty is that the future does not exist and so cannot be di-
rectly studied. Neither can it be predicted exactly in all its dimensions. But
implicit in the recommendations of Machiavelli, as well as in the studies
advanced by policy analysts and in the practices of political scientists who
think their work is of value to those who practice politics, is that rational
action requires assessments of what will happen that depend on decisions
taken in the present; that is, rationality entails assessments of that which

‘cannot be directly examined. Accordingly, a surrogate of some sort must

be provided as the target of investigation. These surrogates are stories con-
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structed, with more or less self-consciousness, about what the future could
look like. To construct these surrogates, Machiavelli used the past and theo-
ries about how the world works to construct stories about the future. Ma-
chiavelli produced the past he used for this purpose by selective retrieval and
narration of various sources about the past, including heavy reliance on Livy
and Tacitus. Whether drawing on historians of ancient Rome, cable traffic
from relevant embassies, specialized monographs, field research, casual read-
ing of newspapers, or personal prejudices, the traditional and still standard
method of both social scientists and policy analysts is to tell stories about
how the future could unfold along dimensions selected as relevant or inter-
esting. The technical term for this procedure is scenario analysis.

Scenarios are stories, imagined as plausible depictions about what could
happen (or would have happened, if attention is directed to retrodiction)
and why. Each of these stories is an elaborate counterfactual account. Not-
mally—in the worlds of business and government—a small number (three
to five) of such accounts are developed, compared, and analyzed, usually by
asking individuals or groups to imagine plausible and interesting futures in
a domain in which they are presumed to have some expertise. This process,
highly informal but sometimes partially structured, is commonly referred
to as BOGSAT (Bunch of Guys Sitting Around Talking). In academia, the
sources of these stories can sometimes be explicitly theoretical. For example,
a game theorist could describe ottcomes by imagining key players interact-
ing according to payoff structures associated with different kinds of games.

Aggregate data analysts could accomplish the equivalent task by inferring
patterns in the future similar to those measured along relevant dimensions in
the past. But since outcomes of interest are commonly too rare to have been
observed as categories of aggregate measurement, even aggregate data ana-
lysts must use their imagination and judgment to guide the production of
their stories about the future.! However these scenatios are produced, they
constitute, as a set, the basis for analyzing the implications of present policy
choices for future outcomes. To talk about how one’s actions might affect the
future, one must first construct an image or a set of images of what the future
would be absent one’s own contribution. These images, cast dynamically
and in emplotted form as “narratives,” are thus treated as surrogates for what
the analyst (looking forward from the present) hopes that he or she has—a
collection of representations of the most plausible futures or kinds of futures
that could unfold.

When we direct attention to how these surrogate futures are constructed
and deployed as the database for making decisions about probabilities and
courses of action, we are engaging in a deconstructive enterprise. In a fun-
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damental sense, this enterprise is the core element of a critical approach. In
the context of thinking about the future, constructivism means recognizing
that scenarios represent interpretations of the future that are built out of as-
sumptions, theories, purposes, and selected data. A critical approach to the
subject matter means identifying and fostering awareness of the limitations
of the (interpretive) constructions that result from our engagement with
questions of interest about the future. Since claims about events in the pres-
ent and past involve assessments of the implications of events and patterns
prior to them, we cannot logically claim knowledge of the past or present
without implying the possibility of knowledge of the future. This does not
entail belief in the ability to prophesy what actually will happen in detail,
but it does imply the expectation that disciplined analysis will be able to dis-
tinguish between credible and less credible forecasts about the ways events
may materialize.

In this chapter, [ illustrate the use of computer-assisted agent-based mod-
eling as a formal technique for both constructing and critically evaluating
our interpretations of the future.? Since the assumptions of the model must
be explicit and consistent for the computer program to operate, every batch
of histories that is produced (i.e., constructed) can legitimately be inter-
preted as illuminating the implications of the specific assumptions and theo-
ries operationalized within the model. Moreover, because every trajectory
of the model (i.e., every virtual future) can be subjected to process tracing
in exquisite detail, opportunities exist for every future and every batch of
futures to be critically assessed—indeed, to be deconstructed into the chains
of mechanisms that produced individual outcomes and into the propensities
of different theoretical judgments or parameter settings to produce futures
with particular features.

To appreciate the advantage of computerized simulation as a generator
of accounts of the future, we should first recall that all scenarios—that is,
all depictions of the future—are “virtual” in that they exist as or at least are
translated from images in the minds of their producers. For even the best
analysts, “transition rules” within the domain of their expertise (i.c., the
laws of social behavior at all levels of analysis) ate, at best, only very partially
understood. Thus every story about what the future may hold and every
judgment about the relative likelihood of a kind of event under particular
conditions must include large doses of arbitrary, even idiosyncratic decisions
about what dimensions and variables will dominate, in what combinations,
in what sequence, and with what consequences. These are the crutches that
human minds require when facing the immense cognitive problem of imag-
ining the implications of what they know or believe about the present for
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discerning the future of a complex state of affairs. Contemporary cognitive

psychology understands these crutches, these departures from strict Bayesian

rationality, as a vast array of heuristics or “psychologics” that trump or sim-

ply replace cognitively onerous and informationally demanding processes of
. evidence-based and probability-based inference.

Which scenatios are produced or endowed with credibility is also af-
fected by political preferences and the structuring of choice, standardly
by bracketing a “preferred” scenario with two “extreme” and fairly clearly
wrong or distasteful alternatives. Given our cognitive inadequacies and po-
litical prejudices, how can moderately credible theory be combined with
computerization for systematic understanding of the future? The problem
becomes even more daunting when we acknowledge how much of the future
is shaped by “accidents” or “random events,” that is, by effects of below-the-
analytic-horizon events that we can never aspire to know.

We can usefully approach this problem by translating what has been said
so far into the language of “counterfactuals.” Since the future has not oc-
curred, all claims about it are counterfactuals—conditional statements about
something that could or will happen under conditions that have not yet ob-
tained. Since most errors about the future cannot be identified definitively
as such until the actual future becomes the past, a critical stance toward
claims about the future cannot rest on assertions of truth over falsehood.
Such a stance must instead rest on a more sophisticated concept of what is
entailed by thinking about the future, that is, on a disciplined approach to
the evaluation of counterfactuals. That, in turn, requires being able to think
not about the likelihood of individually imagined trajectories within what
is assumed to be a normal or near-normal distribution but about differ-
ently shaped distributions.of trajectories of different types. Needed, in other

words, is a map of the space of the future that affords some sense of how
uncertainty is distributed within it.

Consider the debate over the catastrophic failure by policy makers to
anticipate the financial collapse of 2008. The problem was not that policy
makers did not succeed in predicting the exact consequences of the closure
of Lehman Brothers but that they failed to understand the shape of the
distribution of the state space of the future. From the bursting real estate
bubble and the associated collapse of financial markets that inaugurated the
Great Recession of 2007-9, we learned that treating an underlying distribu-
tion as normal when it is not is immensely dangerous. In their prescient
book published four years prior to that event, The Misbehavior of Markets,
Benoit Mandelbrot and Richard L. Hudson explain that the modern finan-
cial theories used by brokers to confidently recommend investment strate-
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gies seemed to offer virtually guaranteed returns, which, the authors fore-
cast, would result in economic disaster. The brokers strategies were based
on the expectation that certain extreme fluctuations in market prices were so
unlikely that they could not even be considered “rare” and could be relegated
to a category of events that were theoretically possible but so improbable as
to be disregardable for all practical purposes. Of the (relatively minor) crash
of the stock market on October 19, 1987, the authors wrote, “On one day,
the Dow plunged 29.2 percent. Something was wrong; The academics said
that the fall should not have happened, that it was a once-in-an-eon event.”

By looking closely at the “volatility of volatility” in data describing mar-
ket fluctuations over the previous century, the authors demonstrated that
types of events that “should not have happened at all” were better described
as implausible, perhaps, and as unpredictable, but certainly not as effectively
impossible. The fundamental flaw in modern portfolio theory, the capital as-
set pricing model, the Black-Scholes equation, and other reigning financial
theories was the assumption that the relevant universe of cases has attributes
distributed according to a normal, “bell” curve. The underlying distribu-
tions driving market behavior are not normal but Cauchian, subject to the
regular intrusion of “rare” events of enormous impact that are not common
enough to be expected at any particular point in time with any confidence
at all but that are plausible enough, given both the shape of the underlying
distribution and their magnitude, to warrant taking them into consideration
as decisive factors when planning for the future.

The overall point to note for my purpose here is that forecasting in poli-
tics means focusing, first at least, on the shape of the distribution of the
possible, rather than on whether any particular event or discrete kind of
event that is thought to be possible will occur. The strength of the analy-
ses of Mandelbrot and others, such as Nassim Taleb, is that they are able
to show emphatically and convincingly that we should expect many more
“rare events” to occur across a wide array of domains than our natural incli-
nations to expect a “bell-shaped” world suggest. The problem is that their
conclusions are pitched at such a high level of analysis that their policy pre-
scriptions are extremely limited. Taleb takes an extreme view, that “almost

“everything in social life is produced by rare but consequential shocks and

jumps.” But planning is effectively impossible if, as he further claims, “a
small number of Black Swans explain almost everything in our world.”® In-
deed, such a view implies not only that planning is impossible but that
surprise is inevitable and that protection against maximum loss, rather than
organizing to exploit opportunity; is the only rational course of action. But
policy makers, including those charged with devising foreign and national




150 Interpretive Quantification

secutity policies pertaining to a wide array of specific but complex issues, ex-
perience considerable variation in the “Cauchiness” of underlying distribu-
tions. On occasion, they may even confront domains within which the most
important underlying distributions a7e normal. That state of affairs puts a
premium on the 4 priori ability of planners to gauge the relative character
of the distribution of possible outcomes in their domain of responsibility or
with respect to a particular question within that domain.

As noted above, there are good reasons why experts relying on their
brains and imagination alone cannot produce a set of scenarios large enough
or systematic enough to depict the state space of the future of a complex so-
cial system. Yet BOGSAT is still, in one form or another, the standard tech-
nique for producing the basis for thinking about the future. To appreciate
how agent-based modeling (ABM) can be used to radically improve the way
this problem is addressed, let us take a closer look at the distinction between
the “actual” future and the'space of possible futures.

From any time labeled the “present,” we can only imagine or visualize the
“future” correctly as a large set of multidimensional trajectories. These tra-
jectories travel through an enormous, though not boundless or totally disor-
ganized, state space of the possible worlds that could evolve from the world
that we experience as the present. In other words, looking forward from the
present, we can imagine many ways, along many dimensions (some impor-
tant and some not), in which the actual set of events of our world can vary.
Uncertainty about what trajectory will be followed is not only a function of
the weakness of our theories. For any complex system, a salient but unan-
ticipatable fraction of the explanation of what actually happens will emanate
from causes located below what I have called the analytic horizon of any of
our theories. We may treat these factors as random; for most purposes, they
are. Still, the deep meaning of chaos theory is that although order may exist

in the apparently random intrusions of factors operating outside our theo-
retical purview, that order is present at a vast remove from our sensors and
is therefore irrelevant to an effort to improve the particulars of a forecast.

With these considerations in mind, we can better understand why the
process of forecasting political events of intetest in a particular setting entails
tracing the contouss of the space of possible futures along relevant dimen-
sions, rather than searching for the one actual trajectory that our world will
follow through that space. “Point predictions” are fool’s gold. For complex
social problems, systematic analysis cannot produce them, and attempts to
do so encourage a fundamentally misleading construction of the problem.
What we can achieve are informed judgments about probabilities, associa-
tions, and dynamic nonlinearities within distributions of outcomes. -
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Conceivable but
not necessarily
possible

Never Conceived of or Inconceivable

Fig. 7.1. Categories of worlds. The dot indicates the actual future, with all possible
outcomes depicted.

Figure 7.1 highlights the irrationality of seekir'lg to pre'dict the actu.al flu- :
ture, by locating that future as a nearly imperceptible dot ina schen;atlc.ble-
piction of intersecting spaces of the conceivable, the possible, the p alt)m ejf
and the probable’ The diagram depicts all possible outcomes as a su seth 0
all those that are conceivable, all plausible outcomes as a subset of thofs.et}t1 at
are possible, all probable (or not improbable) outcomes as a subsethf:1 fO}Sle
that are plausible, and the actual outcome as located within the rea L of the
probable. Except for the dot representing the actual, al}( other descnl:iu’(;)ns
of the future world in this diagram can be classified as c?unterfactu s—
accounts contrary to what the world actually was or what it became. -

Although we might prefer to imagine or construct the landsca.pe. ci : kt 1e

future to be as orderly as is suggested in the depiction. in ﬁgur.e 7 1, it is likely
to be considerably messier and more complex. Taking a critical stance to-
ward this attractive construction leads us to note, for example, that th(;:@tti;)
of the possible to the conceivable may be substantially greater than we m1 .
Some of the outcomes that we might consider pf’obable may be not only
implausible but downright impossible. The “actual” world t‘%lat emerges Emay
be one of the variants considered not “probable” but only “plausible. veln
some of those possibilities we consider relatively probable may b'e merely
possible or actually impossible. For illustrative purposes, figure 7.2 mcorp(?—
rates these potential misconceptions.

Despite the difficulty of producing a reasonably accurate surrogate for} o

the contours of what should be considered “possible,.” precis‘ely th;.‘t‘ sllhe
rogate is required for any forecasting tool to be consistent with vsi elxltth
“future” actually “is.” Whatever technique mc?delers u'se to ac;()fr}lp}s\ ]
task with respect to a domain as complex as mten?anon;l po ltilséi,v o
be governed by principles or be based on assumptions that .erzl o\ssibi
produced to be treated as not only logically but also emplry;c‘ ly p
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Probable Plausible - [ Passible. .| Gonceivable but
not necessarily
possible

__
Never Conceived of or Inconceivable

Fig. 7.2. Clategori.es of worlds if imagined incorrectly. The dot indicates the actual
future, with possible outcomes depicted with real-world messiness,

'.Theltechmque must also be capable, at very low marginal cost, of generat-
ing large numbers of empirically realizable multidimensional trajectories or

chronologies.

ABM and Computer Simulation: Constructing Deconstructible
State Spaces of the Future

A l.argc flock of birds traces a trajectory through the sky that is as distinctive
as it is unpredictable. One could extravagantly explain this combination
of orderliness and unpredictability as the result of a dictatorial leader bird
whose whims govern the direction and speed of every other bird in the flock
A.better explanation is achieved by using a computer to endow each bir(i
wtlth asimple set of algorithms requiring it to stay near, but not too near, the

~ birds in its immediate vicinity. Numerous computer models of such “bc;ids”
show how precisely such an agent-based model can produce flocking be-
havior, thereby explaining it parsimoniously and in strict conformancegwith
what we know about the information-processing capacities of birds.

Any one run of a boid model, perturbed randomly by the virtual pres-
ence of tasty bugs in the line of sight of some boids, traces a flock’s trajector
that will be unique among the trajectories the flock could follow. Similarl )
each interpretation of the future offered by an agent-based model is a tra'eZ—’
tory through an immense space of possible trajectories whose boundariesjare
established by the interactive implications of the theoretical assumptions of
the model, its initial conditions, and the exogenous random stream of tin
perturbations that affect it. Built from and decomposable into identiﬁabl}e,
tbeoretical claims, the model is stylized to conform, at ¢ = 0, to a target po-
litical system at the present or some stipulated point in the past. By ch;gmg[i)ng
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ameters and/or algorithms to reflect adjustments in the theories that we

Jish to include in the model and by repeating the production of batches

£ trajectories, we can criticize our own expectations about the future and

ritically assess the credibility of different theories (once future outcomes

an be compared, systematically, to outcome probabilities as registered by
model output).

"The algorithms that comprise the model’s transition rules animate masses
of interactions among agents instantiated in ways that condense the limited
but high-confidence knowledge available from theoretically and ideographi-
cally sophisticated experts and their work. But once the model is animated,
the massive interaction effects that arise produce emergent processes of dy-
- namic change across the entire “landscape” of agent behavior, processes that

" cannot be derived, inferred, or predicted from the algorithms themselves. As
individual agents update their state and behavior, the entire array of agents

moves forward through time. By collecting data on stochastically perturbed
repeated runs of an appropriately assembled model, we can identify out-
comes that are typical, plausible, and just possible. Fach outcome is consis-
tent with the assumptions, data, and theoretical operationalizations used to
build and instantiate the model but is impossible to'infer from them. From a
constructivist perspective, these algorithms express agentive motivations and
have consequences shaped by circumstances, that is, social structure. ABM
thus allows a modeling of agent-structure coevolution in ways that both
require and exploit contemporary computational power.

Applications of this kind of technology ate prevalent in many disciplines,
including molecular biology, oncology, archaeology, natural resource man-
agement, pharmacology; climatology, immunology, transportation, market-
ing, and city planning® The approach is now also well established in the
social sciences. One of the eatliest and still most influential studies animated
by this approach was published in 1978 by Thomas C. Schelling, who dem-
onstrated ABM’s in-principle fecundity with an agent-based model of seg-
regation.” To be sure, Schelling made his key contributions without using a
computer and even emphasized the importance of doing necessary calcula-
tions manually, but he subsequently developed interest in and spent con-
siderable time investigating how computer programs for exploring his ideas
could be designed. Indeed, Schelling-style models run on computers have
been used to greatly extend his thinking, by experimenting with different
rules that individuals might follow; different patterns of interaction among
neighbors, and different tastes for living in integrated or segregated areas.'

In political science and other social sciences, computational, bottom-up,
or agent-based modeling is a generalization of this method, using computer
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simulation to explore the often nonlinear relationship between inputs at the
unit level, interaction networks, and outputs at the collective level.! ABM
has been particularly attractive to researchers in domains where intractabil-
ity problems make algebraically solvable techniques of formal analysis im-
possible or when either the complexity of conjectures about macropolitical
relationships or the openness of systems involved precludes relying on re-
gression or natural experiments. Among the political science domains where
ABM techniques have been successfully deployed are collective mobiliza-
tion, norm and strategy evolution, constructivist identity theory, secession-
ism, power sharing, party competition, political communication, national
state formation, institutionalization, international treaty making, and the
relationship between the structure of the international system and state be-
havior within it.!2

Agent-based models are most sensibly deployed to investigate problems

that are too complex to be captured algebraically, because of large numbers
of relevant dimensions, large numbers of interacting “bodies,” or both. Ac-
cordingly, there is a strong elective affinity between ABM and computer-
ization, This is because the effects of ABM emerge from the algorithmic
behavior and simple interactions of masses of autonomous agents, yielding
an otherwise-impossible-to-perform multitude of calculations at each time
step—calculations that are straightforward at the agent level but overwhelm-
ing if approached as an integrated set. Given the immensity of the possibility
space, it is almost certain that building an analytically suitable surrogate for
the state space of the future will require computerization. Indeed, the auto-
maticity of computer technology itself helps impose the discipline required
for the production of this surrogate, by translating initial conditions and a
stable set of theoretical propositions into very large numbers of individually
distinctive trajectories.

Each trajectory—that is, each run of a stochastically perturbed ABM—
constitutes a distinctive “story,” in the sense that every event is fully traceable
to the state of the world prior to its occurrence. Since the “laws” governing
behavior of types of agents and interactions between types of agents are
known, the range of possible outcomes is fully determined (though unknow-
:slble). Good computational models, in other words, are capable of combin-
Ing opportunities for process-tracing, and the distinctiveness and granular,
multi-dimensional complexity that traditionally attract constructivist and
critical theorists to ideographically oriented research, with the standardiza-
tion, control, and large #’s that enable rigorous testing of nomothetic propo-
sitions about a world rightly treated as both orderly and unpredictable.
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Mapping the State Space of the Future for Bangladesh

In the late 1990s, I used a rather simple modeling platform known as ABIR
(Agent-Based Identity Repertoire) to produce working models of a generic
Middle Eastern semiauthoritarian country, to explore the contours of the
state space of the future for the Middle East as a whole over a thirty-year
period.”® Substantially refined and elaborated techniques were used in 2002,
with a more advanced modeling platform known as PS-I (Political Science—
Identity).!* In response to requests from the US government, this platform
was used to produce models and to conduct experiments analyzing pros-
pects for different kinds of stability and instability in Pakistan between 2002
and 2005 and to evaluate repeated cycles of Israeli-Palestinian violence and/
or war in the region, considering their implications for stability and the fate
of US-friendly regimes in the Middle East.'” This work was the background
for the approach taken by Lockheed Martin's Advanced Technology Labo-
ratories team that participated in a competition sponsored by the Defense
Advanced Research Projects Agency (DARPA) and begun in 2005, known
as the Integrated Crisis Early Warning System (ICEWS)." The competition
required modeling teams to reach relatively high levels of accuracy, recall,
and precision for forecasts of “events of interest” (e.g., rebellions, insurgen-
cies, domestic political crises, and outbreaks of ethnoreligious violence) in
dozens of countries. Forecasts generated automatically from models ingest-
ing data from the late 1990s and early 2000s were tested against what actu-
ally happened in those countries in subsequent years.

Most of the modeling effort undertaken by these competing teams used
variations of data mining and statistical correlation or pattern-matching
techniques. But ABM models produced with PS-I, which passed minimum
requirements for forecasting while complementing the ATL team’s statistical
models, were judged to be especially valuable for the depth and richness of
their output and for their potential to assist with option analysis. The result
was a separate stand-alone project known as the Virtual Strategic Analysis
and Forecasting Tool (V-SAFT), developed under contract from the De-
partment of Defense via the Human Social Cultural Behavioral Modeling
Program and the Office of Naval Research. Data presented below are drawn
from the array of monthly updated models produced by V-SAFT for a small
but growing number of countries.

Bangladesh is one of the nine countries for which monthly updated
models were available in 2013. The Bangladesh model’s forecast results,
which looked forward one year from February 2013, vividly exemplify the
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technique of using a theoretically informed, computer-assisted, agent-based
model of a real and complex political system to construct an analyzable sur-
rogate for the state space of the future. The presentation of the results here
will be followed by a brief account of how the state space that was con-
structed by running a virtual Bangladesh model was then deconstructed for
critically assessing US policy options toward a political crisis threatening the
real Bangladesh in late 2013. The published summary forecast of the model
looking forward one year in February 2013 reads,

V-SAFT’s Bangladesh model forecasts a somewhat less than 75%
probability of a sustained domestic political crisis between March
2013 through February 2014 and only a 10% probability of avoid-
ing any sort of domestic political crisis during this period. Insurgent
activity and incidents of rebellion have a roughly 75% probability of
appearing in this period, but the likelihood of these activities sustain-
ing themselves for three months or more is very low (below 3%).
These probabilities remain more or less the same across the entire
forecast period. Nor do probabilities vary widely depending on the
complexion of the governing coalition. Under a broad-based nation-
alist government, a business dominated coalition, or one based on
Bengali appeals that is yet not dominated by the Awami League, Ban-
gladesh has the best chance of enjoying a year relatively free from
instability or severe instability. But the model shows a wide variety of
different coalitions capable of emerging, most of which are associated
with some significant instability or severe instability. Probabilities for
at least one of these coalitions range from a low of 15% in govern-
ments dominated by non-partisan nationalists or business elites, to
a high of neatly 65% under governments oriented toward narrow
civic and technocratic appeals. Compared to last month’s forecasts, a
Muslim dominated government is no longer evaluated as plausible,
while a business dominated government is to be considered plausible,
and not merely possible. V-SAFT’s overall assessment for the coming
year is that governing elites in Bangladesh will likely face higher than
average amounts of illegal and violent political mobilization over the
coming year. This represents a substantial trend across the last five
months of V-SAFT forecasts for Bangladesh. Keeping in mind what
is normal for Bangladesh, this month’s forecast registers not just an
increasing probability of instability, but an increasing probability of
severe instability.’”
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Bangladesh - High Impact Possibilities

Domestic Political Crisis 4

Insurgency

Rebellion -~

Ethnic Religious Violence A

Extreme State Violence -

Events of Interest
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Fig. 7.3. Probabilities for key EOIs of historical importance in Bangladesh, such as
the 75 percent chance of a sustained domestic political crisis

Probabilities attached to specific forecasts were calculated directly from
proportions of the event space produced by the model exhibiting particu-
lar kinds of behavior. Most of the probabilities cited appear in the visuals
displayed in this section. For example, the “somewhat less than 75%” likeli-
hood of a sustained domestic political crisis (DPC) over the forecast year
and the unlikelihood of Bangladesh avoiding any period of DPC during
that time frame are read off the “high impact possibilities” chart (fig. 7.3).
The gray “occurs” bar for “domestic political crisis” shows that nearly 90
percent of the weeks comprising all one thousand simulated years of possible
Bangladesh futures in the model contain behavior coded as corresponding
to the definition of a DPC: 6rganized, mostly nonviolent opposition to the -
government, significant enough to threaten the integrity of the ruling coali-
tion.'® The black portion of the bar, extending to roughly 70 percent, shows
the probability of a sustained DPC. Precisely, it shows the size of the subset
of those weeks featuring DPC and including parts of episodes lasting at least
three months. The summary forecast also draws attention to the likelihood
of at least some insurgent activity or rebellion. However, in view of the very
small size of the black bars in those categories, the forecast notes that sus-
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Bangladesh - Likelihood of Events of Interest
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Fig. 7.4, Probabilities for key EQls in Bangladesh over the forecast year, with DPC
relatively stable at 50 percent

tained insurgencies or periods of ethnoreligious violence occurred so rarely
in this set of trajectories that they should be considered implausible—in
other words, possible but extremely unlikely.

How are probabilities for specific events of interest (EOIs) distributed
over the forecast year? Figure 7.4 shows, on the x-axis, the months of the
coming year and, on the y-axis, proportions of futures in the state space,
registering EOI activity. As noted in the summary forecast, we see that “these
probabilities remain more or less the same across the entire forecast period,”
with a slight trend toward increasing risk after April 2013.

The summary forecast indicates that instability, including severe instabil-
ity, is associated with many different constellations of political power that
are anticipated as plausible within the forecast year. In figure 7.5, differ-
ent groups or political appeals that the model identifies as plausibly able
to play 2 dominant and organizing role in Bangladesh governing coalitions
over this time period are arrayed on the x-axis. The width of the columns
associated with political dominance by different groups signifies the propor-
tion of weeks when they are dominant, within all one thousand trajectories;
the width of the bars within each column indicates how that amount of
the state space is divided into periods (shaded from lightest to darkest) of
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Bangladesh - Dominant Groups and Levels of Instability

Stability

Dominant Group

Clcaim  [lintense Politics Efinstabiity [l Severe instabllty
Fig. 7.5. Dominant groups and levels of instability in Bangladesh

calm (white), intense politics (light gray), instability (dark gray), and severe
instability (black). Going somewhat beyond the explicit statements in the

_ summary forecast, we can observe that the most likely coalitions—those

dominated by nationalist, Bengali, or Awami League ideas and elites—hold
out a nearly 80 percent chance of avoiding instability or severe instability,
but no government that the model deems plausible has more than a 15 per-
cent likelihood of enjoying calm throughout the year. A government based
on alliances led by bureaucratic state elites faces the greatest likelihood of
both instability and severe instability.

To probe more deeply, we could see which groups are allies, opponents,
or radical opponents of the government when bureaucratic state elites domi-
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Political Status By Group During State Dominance

4000
[}
Q
bl
g 2000
E | |Radical Opposition
5 2000 Opposition
o .
_g Dominant Group
3
3 1000

0

. i : HEN
LA S D M B S Mt S

T T

@ @ DO HFQ AL ¢
AR RN
%@?\9@\\@@%&@& TP
RS2
W . ’\(‘\\(‘ &
v & <
o'
¢

Groups

Fig. 7.6. Domestic political hierarchy levels during state dominance

nate the coalition (fig. 7.6) or when “globalizing, Western-oriented” elites
dominate (fig. 7.7). We see that these types of govérnments, when they have
significant allies at all, tend to rely on corrupt and criminal elements and on
the (highly corrupt) business community."®

"The y-axis of figure 7.6 is the number of model time steps (within the to-
tal number) that featured the “state” identity group as dominant. The y-axis
of figure 7.7 is the number of model time steps (within the total number)
that featured the “globalizing” (Western-oriented) identity group as domi-
nant. The shaded bars comprising the columns report the proportion of
state-dominant model time (fig. 7.6) and globalizing-dominant model time
(fig. 7.7) during which each group was categorized within the DPH as either
ally, opponent, or radical opponent.

Again, as noted in the summary forecast, in the relatively unlikely,
but still plausible, circumstance that business itself organizes a governing
coalition—relying on state bureaucrats, globalizers, and criminal or corrupt
networks—prospects for intense politics, if not calm, appear to improve
considerably. We can see why this occurs by considering the display in figure
7.8, which shows that when business dominates, the largest groups in Bang-
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Political Status By Group During Globalizing Dominance
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Fig. 7.7. Domestic political hierarchy levels during globalizing dominance

ladesh are much less likely to adopt a radical oppositionist posture toward
the government (the white portion of columns on the left of the display)
than when state bureaucrats, globalizers, or criminal or corrupt networks
(not shown) dominate.

Comparing the state space mapped by running V-SAFT’s Bangladesh
model for the year beginning March 2013 to mappings produced in ear-
lier months can help identify general trends. For example, in Bangladesh,
Islamist-dominated governments appeared prominently enough in the state
space to justify treating that outcome as plausible in each of the six previ-
ous months’ forecasts (meaning that it appears ini at least 3 percent of the
space of the future). For the year beginning in March 2013, however, the
likelihood of Islamist governments dropped below the 3 percent threshold.
Accordingly, although such regimes appear in fig. 7.9 in the display on the
left, for the year beginning February 2013, they do not appear in the display
on the right—the year beginning March 2013. By noting the thin black
line at the bottom of the column marked “Muslim” in the “political status
by group” display in figure 7.10, we can see that V-SAFT still charted a
Muslim-dominated government as possible, just not as “plausible” by the
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Political Status By Group During Business Dominance
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3 percent rule. Along the x-axis in figure 7.9 are the dominant groups, the
first y-axis is stability, and the second y-axis is the percentage of the space in
which the forecast holds.

‘The final portion of the summary forecast focuses on the trend toward an
increasing likelthood of instability, particulatly severe instability. This trend
Is most easily discerned by considering the group of six sequence plots dis-
played in figure 7.11—beginning with the forecasts made for the October
2012-September 2013 year and ending with forecasts made for the March
2012—February 2014 year. V-SAFT produces these sequence plots by stack-
ing all one thousand trajectories. Each week in each trajectory, traced hori-
zontally by a single line, is shaded to represent either calm (white), intense
politics (light gray), instability (dark gray), or severe instability (black). De-
termining the order of the stacking is the condition present at the beginning
of the run and, within that group, the length of time before that condition
changes. Different horizontal patterns register different sequences of stabi-
lization or destabilization. By noting the changing prominence of shading
horizontally, we can gain a quick sense of time trends toward stabilization
(becoming more white or light gray) or toward destabilization (becoming
more dark gray or black). By noting the changing prominence of shades
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Fig. 7.11. Six sequence plots with forecasts for October 2012 until February
2014 Each of one thousand trajectories is traced horizontally by a single line to
represent either calm (black), intense politics (dark gray), instability (light gray),
or severe instability (white).

Agent-Based Models for Constructing and Deconstructing 165

vertically, we can gain a sense of how much of the state space of the future—
taking into account all one thousand trajectories—is relatively stable or un-
stable across the entire square. In the case of Bangladesh forecasts for the
year beginning with October 2012 through the year starting in March 2013,
we see a trend toward a pronounced shrinkage in the areas of light gray and
white and expansion in the areas of dark gray and especially black, suggest-
ing not just a decreasing probability of calm but an increasing probability of
either intense political competition or severe instability.

Precisely how productive is this approach to thinking about the future
compared to others? How productive might it become? These questions
are unanswerable in the context of this chapter, but some evidence for the
validity of the results of V-SAFT’s depiction of the space of Bangladesh’s
future can be considered. If we set aside “internal validity” or “verification”
questions, considering that—in principle, at least—computer models do of-
fer certain assurances about consistency of propositions and transparency
of operations, we can consider the more challenging question of “external
validity.” How good was the modeling effort as a guide to the future of Ban-
gladesh? This is a daunting question, since once the future is understood as a
distribution of possible trajectories, with the actual future understood as but
one of them, it is difficult to learn about the model’s validity from the fail-
ure to forecast correctly in a particular case. But models can be faulted and
perhaps improved, if they fail to include outcomes as possible when events
show that they actually were. A more systematic and demanding form of
validation is to require very large numbers of forecasts from such models—
forecasts made with various levels of confidence or with various probabilities
attached. The distribution of these forecasts can then be compared to the
distribution of actual outcomes for evidence that the contours of the spaces
of the future produced by the model resembled the contours of the actual
spaces of the future from different points in the past.

Using a technique known as a “separation plot” (developed by Greenbill,
Ward, and Sacks),? V-SAFT accumulated an archive of forecasts of four
EOIs by country and compared them to “ground truth” with respect to
whether and when those events occurred. Figure 7.12 displays a separation
plot reporting data about EOIs in Bangladesh from October 2012 to No-
vember 2013 and V-SAFT forecasts of those EOIs. For each event-month
combination listed across the x-axis, the shade of each bar represents whether
the event occurred and how intense it was according to a review of relevant
online sources. The black line represents our forecasted likelihood of each
event one month prior (ranging from 0 percent to 100 percent likely). The
most accurate forecast would only have shaded bars to the far right, and
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Forecasled Likelihood and Ground Truth in Bangladesh
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Fig. 7.12. Forecasts arrayed by increasing forecasted probabilities of events
plotted against their nonoccurrence, occurrence, and intensity

all of the bars to the far left would be white. Simple visual inspection sug-
gests an encouraging interpretation, since, despite errors, the white columns,
where events did not occur, are strongly clustered to the left, where low
probabilities were forecasted, while dark columns, where events did occur,
are strongly clustered to the right, where high probabilities were forecasted.

V-SAFT models, including virtual Bangladesh, have been used repeat-
edly to conduct “what-if” experiments, counterfactual experiments that se-
riously treat questions that scholars have often discussed as whimsy. What,
it has often been asked, would have happened if Hitler had been killed in
the trenches in World War I, if the asteroid that made the Chicxulub crater
had narrowly missed the Earth rather than plunging into the Yucatan, if the
battle of Salamis had been fought without the brilliance of Themistocles,
and so on? What, as Steven J. Gould put it, would have been the case if
the “tape of life” could be “replayed” under slightly different conditions??!
With the sort of capacity described here, this kind of question is no longer
whimsy, and answers provided to it can be evaluated, at least in principle,
against criteria much more reliable than rhetorical seductiveness.

In the fall of 2013, Bangladesh was headed toward elections. The op-
position party, the Bangladesh Nationalist Party (BNP), fully cognizant of
the way it had manipulated past election outcomes when it was in power,
demanded that the Awami League dominated government turn over the
management of the elections to a neutral caretaker government—one run
by the judiciary and the state bureaucracy. A law had been passed requir-
ing this arrangement, but the government argued that progress made to rid:
Bangladesh of corruption was sufficient to justify the government’s direct
management of the election, without a caretaker regime. The BNP began
a campaign to delegitimize the elections, which threatened to destabilize
the country, potentially involving intervention of the military. The United
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States, wishing to preserve Bangladeshi democracy while insuring the coun-
try’s stability, was faced with the problem of deciding whether to push the
government to acquiesce in the demands of the Islamist-leaning BNP and
the apparent requirements of the law or to maximize prospects for the stabil-
ity of the country under the rule of leaders Washington favored. By closely
analyzing the distribution of futures produced by the virtual Bangladesh
model, it was possible to discern a pattern that yielded nonintuitive but
compelling insights into the implications of this decision.

We proceeded by identifying a subset of futures produced by the model,
in which the election period featured either a caretaker government or a
government dominated by the Awami League. Comparison of patterns of
instability within those two types of futures (each comprising approximately
17 percent of the entire distribution) suggested that a caretaker government
would increase the stability of the election period itself; but at the price of a
considerably larger risk of severe instability later. On the other hand, Awami
League government management of the election would produce more dis-
turbance during the election period but lower risks of subsequent severe
instability. The model also suggested that the risks of subsequent severe in-
stability could be significantly reduced if the composition of the Awami
League’s government was broadened to include representatives of major sec-
tors and groups not directly associated with the BNP.

Military domination of the country did not emerge within the range of
“possible” outcomes that our model forecast, but since this counterfactual
was much discussed and much worried about, we conducted “what-if” ex-
periments by rerunning the model to produce two additional batches of
trajectories. The script governing the running of each experiment punctu-
ated the trajectories, at a point prior to the scheduled election period, with
two types of military interventions, each with a precedent in Bangladesh’s
political history. The first intervention, high-level coup, featured seizure of
the government in the capital by high-ranking officers. The other focused on
action by low-level officers on a much more diffuse basis, taking over local
governing institutions.

The result can be summarized by noting that a military coup was seen
to significantly decrease the likelihood of an apolitical caretaker government
afterward. A period of military governance following a coup does become
possible and, in the case of a high-level coup, even politically stable. How-
ever, following either form of military intervention, political polarization
increased, signaled by a marked change in the balance of violent versus non-
violent mobilization.
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Conclusion: Why Bother with Another Method?

The principles governing the contributions to this volume are that the worlds
we experience and analyze are constructed and that understanding those
worlds means critically interpreting them by deconstructing the assump-
tions and frames of reference they reflect. I have argued that ABM offers a
theoretically powerful approach to implementing these principles systemati-
cally, supporting my argument by offering the “hard” case” of thinking in
a disciplined way about the future. One might even consider this challenge
an extreme example of the problem of analysis with a small n and many
variables (since, technically, 7 = 0). With computer power as cheap as it is
and with islands of good theory ready to be applied to real problems, the ap-
proach has the potential, at least, to do much better than any other method

available in producing outputs closer to the complexity of the worlds inhab-

ited by politicians and policy makers. For younger scholars, accustomed to
finding and using apps of various kinds, the intuition that computers could
be used for social science research in exciting new ways is probably more
natural than for previous cohorts.

To be sure, portions of the learning curve for using the approach can
be steep. But acquisition of the necessary skills is less arduous than may be
commonly imagined. For one thing, neither advanced algebra nor calculus is
required. Indeed, ABM is designed primarily for problems that cannot, even
in theory, be solved mathematically. Twenty years ago, working with ABM
would require good programming skills, but modeling platforms are now
available that do not assume the ability to read or write in a programming
language and that enable substantive theoretical knowledge to be quickly
and intuitively encoded.

ABM based in computer simulation is dynamic, visually entrancing, rich
in data, and formal. In all these ways, it is nifty. But niftiness per se does
not itself justify attention, especially for scholars who are masters of other
methods still useful for problems yet unsolved. There are deeper reasons why
IR scholars should investigate the technique, other than the increased facil-
ity they may thereby enjoy for answering questions they already entertain.
Specifically, mastery of this method is likely to significantly expand both the
number and kind of questions IR scholars are able to address.

Without a systematic method to produce very large numbers of analyti-
cally consistent but substantively distinctive scenarios, both researchers and
policy-makers are precluded from thinking about what has not happened
yet as distributions of what could happen. Instead their attention is confined
to tiny zones in the state space of the possible—zones traced by a few stra-
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tegically or idiosyncratically crafted stories. As emphasized at the beginning
of this chapter, thinking in a disciplined way about the future requires the
systematic and controlled construction of very large numbers of scenarios.
This requires a method capable of exploiting what is now readily available
computing power to conduct large numbets of disciplined thought experi-
ments, thereby offering opportunities to ask more appropriate questions
about the future than can be asked with conventional techniques. Methods,
in other words, should not be seen as only equipment used by those whose
ideas and purposes arise independent of method. Methods, such as ABM,
can often prime the pump of insight. Indeed, precisely because this method
is based squarely on principles of constructivism and critical practices of
deconstruction and because it incorporates randomness, it will act as an in-
tuition pump—changing the way researchers think about the social world,
expanding the questions they see it proper and possible to address, suggest-
ing approaches to problems that have seemed intractable, and simultane-
ously imposing discipline on interpretations of what the world was, is, can
be, and why.

But just as a new interpretation of the world may shock or confound
those whose expectations it contradicts, a new method may produce incre-
dulity and even horror if it seems to entail combining “high-tech” devices
with an “interpretivist” posture that usually celebrates itself as antagonistic
to misplaced “scientism.” Anyway, why bother with a method that requires
investment and training, if one does not feel currently available methods
have been exhausted of the contributions they could make? Is the only rea-
son to adopt a new method that it provides better ways to achieve established
goals or answer standard questions ? For most researchers in most situations,
the answer may well be “yes.” Afterall, the very meaning of “normal science,”
in Thomas Kuhn’s terms, is that paradigmatic techniques and methods for
solving problems are fully agreed on and seen as effective. However, when
researchers are unsatisfied with the questions and answers available in their
field, then methodological questions can become nearly indistinguishable
from substantive ones. In this circumstance progress is likely to require new
methods enabling researchers to pose questions impossible to address with
familiar techniques.

Herein lies a serious obstacle to scientific progress, or scholarly work in
general. Established researchers have outsized influence on what apprentice
researchers judge to be the appropriate methods and training to receive. Suc-
cessful researchers are successful partly because they have mastered technolo-
gies to support investigation of the particular kinds of questions the methods
associated with those technologies can answer effectively. The role of senior
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researchers as models, supervisors, or judges of new work thus considerably
raises the barriers to entry that methods designed for answering different
questions must overcome, even if the answers to those questions might be
more rewarding—intellectually or socially. Therefore, despite the crucial role
that loyalty to established research programs, paradigms, and methods plays
in the ability of communities of experts to share and rigorously critique their
work, scientific progress cannot rely only on the questions and methods that
scholars who are currently successful find “interesting” or useful. Ultimately,
disciplines, as research programs, are threatened and destroyed by the degen-
erative consequences of narrowing substantive foci and the exclusion of new
questions deemed unaddressable—and therefore uninteresting,

Whether via the contingencies of Kuhnian paradigm shifts or mecha-
nisms of Lakatosian competition for resources among rival research pro-
grams, science does progress. Substantive innovation in theory and in meth-
ods available can constitute the proximate impetus for these shifts—most
likely a combination of the two. The crucial point is that from the point of
view of the advancement of science in general and of the social sciences in
particular, it is a fundamental mistake to view methodology as purely a func-
tion of the substantive task at hand or of interest only to methodology “spe-
cialists.” Across all the arts and sciences, methods that are employed both
open and close avenues of investigation, creativity, and discovery. Without
new methods of seeing or studying the world, many kinds of new questions
could never be posed. Consider how artists'expanded their horizons as new
methods and materials for drawing and painting became available. Or think
of poetry, which, as a method, imposes disciplines on the use of language,
such as meter and rhyme. These elements of the poetic method restrict lan-
guage use, thereby forcing a greater role for imagination and creativity. In
the hands of excellent practitioners, the result is new ideas, associations, im-
ages, and expressions. Without the rules and limits imposed by the method
of poetry, these uses of language would otherwise remain undiscovered and
unexpressed. In other words, as a method, poetry allows access to terrains of
the human imagination that would otherwise remain unexplored.

In the sciences, there could be no Newtonian theory of gravity without
calculus, no theory of general relativity without tensor calculus, no micro-
biology without the microscope, no modern astronomy without the tele-
scope, no experimental particle physics without particle accelerators, and
no sophisticated paleontology ot serious cross-cultural archaeology without
carbon dating. In the social sciences as well, methods help produce the ideas
we have and the questions we pose. In the last fifty years, a number of new
methods have transformed what we know of as the social sciences and the
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practices associated with them. These include Bayesian statistics, natural
language processing, mass survey techniques, field experiments, discourse
analysis, deconstructionist techniques of textual exegesis, game-theoretic
formal modeling, and even word processing. In all fields, new methods that
arise in response to unsolved problems and new technological capacities help
produce new questions, new ideas, new answers to old questions, and often
new sets of questions that themselves become the basis for new subfields and
even new disciplines.

Constructivist and critical stances toward domains of interest in the so-
cial sciences open the potential for new insights and effective understand-
ings. But only methods capable of exploiting that potential—for systematic
elaboration of possibilities and disciplined deconstruction of outcomes—
can enable scholats to exploit that potential. I have argued that ABM is such
a method, and I have illustrated the plausibility of this claim with a report
on the application of one relatively ambitious ABM tool for parsing the
space of political futures. V-SAFT’s successes with respect to Bangladesh and
a range of other countries suggest that deployment of virtualization models
of particular political systems can be more effective than standard meth-
ods for exploring and evaluating the relationship between variables and past
outcomes as well as between policy choices and future outcomes. However,
whether V-SAFT is presently developed enough to regularly outperform
other techniques should not be the sole or even the primary criterion for
giving the kind of investigative tool it represents serious consideration. The
real test of a method is not whether it outperforms other methods on tradi-
tional tasks but whether it can lead to a level of sophistication and breadth
of consideration that lead scholars and scientists to trade traditional tasks for
even better ones. '
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