CHATURVEDI ET AL.: MODELING STABILITY AND RECONSTRUCTION OPERATION USING SEAS 223

Modeling Stability and Reconstruction
Operation Using SEAS

Alok Chaurvedi, Ph.D.!, Rashmi Chaurvedi, Ph.D.?
Midh Mulpuri?, Steve Mellema?

'PurdueHomeland Security Ingitute
PurdueUniversity
West Lafayette, Indiang U.S.A.
Emailalok@purdueedu

?Simulex Inc.
West Lafayette, Indiana U.S.A.
e-mails: {r ashmi, mmulpuri, smellema}@ simulexinc.com

© 2006Simulex Inc.,, West Lafayette, Indiana, U.S.A.

Dr. Alok R. Chaturvedi is a Professor in Purdue University’s Krannert Graduate School of
Management and the Department of Computer Sciences (courtesy), the Director of Purdue
Homeland Security Institute, and the Founder, Chairman, and the CEO of Simulex Inc., a
Modeling and Simulation Company located in Purdue Technology Park. Dr. Chaturvedi has
also served as an Adjunct Research Staff Member at the Institute for Defense Analyses (IDA),
Alexandria, Virginia — a leading think tank on national and homeland securities matters. He
received his Ph.D. in Management Information Systems and Computer Science from the
University of Wisconsin-Milwaukee. Dr. Chaturvedi is the Principal Investigator (PI) and the
Project Director for several major grants from National Science Foundation, Indiana 21"
Century Research and Technology Fund, Office of Naval Research, Defense Acquisition
University, and several Fortune 500 companies. He has been involved with several
Government task forces on important public policy and national security matters. Professor
Chaturvedi was awarded the “Sagamore of the Wabash” by the Governor of Indiana, the
highest civilian award for his service to the State.

Dr. Rashmi Chaturvedi is the interim President of DoD Business and the Chief Policy Officer
at Simulex, Inc. She received her Ph.D. in International Relations and Organizational
Behavior from Purdue University. She has held visiting faculty positions at Purdue
University and St. Joseph’s college. Dr. Chaturvedi's expertise includes foreign policy of
nations, treaties and alliances, and political economy. She has led the team of researchers
who provide the subject matter for the development of SEAS Virtual International System
(SEAS-VIS) and modeling of Political, military, Economic, Social, Information, and
Infrastructure of over 50 countries.

Mr. Midh Mulpuri graduated from Purdue University, West Lafayette, Indiana with a
Bachelors in Computer Engineering in May 2002. After a stint as a student researcher in the
SEAS Research Lab at Purdue University, he joined Simulex in November 2003. Since then
he has contributed as one of the lead engineers in the SEAS agent based technology. He also

This research was partially funded by JFCOM 19 JI& E.



224 THE CORNWALLIS GROUP XI: ANALY SIS FOR CIVIL-MILITARY TRANSITIONS

served as the Technical Lead in research and development of the SEAS Virtual International
System.

Mpr. Steve Mellema earned a B.S. in Computer Science from Taylor University in 2003 and
an M.S. in Computer Science from Purdue University in 2005. Since then he has worked at
Simulex, Inc. as a Technical Lead.

ABSTRACT

Humanitarian aid and assistance is congdered a critical tool for development and
recongruction. Chdlenges are posed by recurring disasters such as armed conflicts; droughs,
huricanes, and earthquaes, high numbers of interndly displaced persons and returning
refugee;, contested terraing and competing regiond and internaiond influences. In this
pape we present a computationd modd for smulating the dynamic interplay between
humenitarian and developmental aid and its linkages to the naion building process in a war
ravaged region of the world, namely, Afghanigan. We use the SEAS-VIS platform to
condruct a Virtud Afghanistan represented by a physcal landsape), and autononous
adaptive and cognitive agents consisting of individuds, organizations inditutions and
infrastructure. We use VA to andyze the robustness of policy choices unde different
scenaios Our results indicate tha in the presence of modeaate levels of crimind andterrorist
activities, a Minimalist Approach to Stability and Recondruction Operation may provide a
better return on investment than a Maximalist Approach.

INTRODUCTION (1)

Recent rise in intra-naion conflict and subsequent multi-naion peace building efforts has
contributed to a proliferation of literature on various strategies for successful achievement of
pod-conflict peace-building gods. Varying in scope and funnded by ideologica
convagence of scholars, policy makers, and local implementers, conflict mitigaion,
resolution and recondruction aims at identifying and suppoting structures tha hdp
strengthen and solidify peace in a war torn region. Scholars and practitionas agree that pog-
conflict opeation requires a holistic approach, a combinaion of military and non-military
actionsto stabilize and recongruct a weak/failing state. Accordingto Barakat and Hoffman
[1995] Gecongruction as the first step in a longterm recovery process, entails econorric,
sodal, and psychological readjugment, tha is, the full range of integrated activities and
process tha have to beinitiated in order to reactivate the development process that has been
disrupted by conflict; restoration of the physcal infrastructure and essentia goveanment
services, inditution building to improve the efficiency and effectiveness of existing
inditutions the structural reform of the political, econonic, sodal and security sectors.O

Debae, however, rages ove exact strategies for implementation that may best suit the
context. Over the years, numerous policy options have been advanced ranging from a
minimalist (emergency relief) to a maximalist approach (aid with wider political and soaal
objectives) as well as bottom up (for example Somalia where humanitarian aid was given
without addressing the political cause of the disaster) or a top down (for example Cambodia
whee ad intervention were conditiond on democratization and rule of law) effort
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[Goodhand 2004; Chong 2002; Barakat and Deely 2001] Debae aso ranges ove the
timing, content, and sequenang of development and recondruction efforts. Needless to say
oneof the reasonsfor such debae is a paucity of literature on the actud impact of various
peace-building modds (Goodhand 2004) The later is largdy dueto the daunting chdlenge
of gahering relevant daa from the @eal worldOcases which in tum is context and time
dependent. This difficulty thusextendsto policies and intervention programs tha are rarely
based on empirical evidence of optimal solutions Internationd aid community is also faced
with variouschdlenges tha mitigae coordindion of aid such as theft of goods, and attack on
convoys Real life cases are serious risks to the local implementers who often lack the
necessary informationtha can hdp avoid precarioussecurity situaionsin variousareas.

Computationd experimentation usng agent based modding (ABM) is a new integrative
approach with the promise to overcome the risk of learning in the real world. In this
approach onebuilds a GyntheticOenvironment that mirrors its counerpart in the real world.
This Ghird way of doing scienceQas doquently stated by Axelrod (2003) is a Qrirtud®
interactive system that creates artificial autononous agents tha mimic the behavior paterns
of their couner-part in therea world. These behaviora paternsof individuds and groupsor
interaction between the two are based on theoretical modds tha are either directly encoded
or observed as emergent behavior make assumptions more visible and verifiable. According
to Lugick [2004] the advantage of ABM isnotthat it eliminates stipulated parameter values,
but that every stipulation is noted and tha there are no unrevealed or hidden assumptions
Following are key distinguishing features of computationd experimentation approach:

* virtud expeaiments can be conduded in an environment in which
consquences of decisonscan be measured and andyzed;

* multiple theories from various speciaized disciplines can be integrated for a
comprehensve undestanding of undelying phenomenon;

* agents can be represented with multiple decision strategies ranging from
rationd and non-rationd,;

* heerogeneous actors can be modded who can modify ther behavior during
the course of thesimulation; and

* seamless and interchangeable integration of human and software agents can be
facilitated to provide bath breadth and strategic sophistication (Buodriga and
Obada 2004;Chaurvedi et al. 2005;Sawyer 2003).

In this pgper we present a computationd modd for smulating the dynamic interplay
between aid and its linkages to the peace building process in a war ravaged region of the
world, namely Afghanistan. Our god is to integrate various sodo-psychological and
organization behavior modds to assist in undestanding the effectiveness of intervention
strategies, specificaly in undestanding what types of intervention a which particular time
can affect the various dimensons of peace building. The rest of the paper is organized as
follows: Section 2 discusses the stability and recongruction opeaation, especially addressing
theissues of refugees and interndly displaced people; Section 3 highlights the main features
of Synthetic Environments for Anadysis and Simulation (SEAS); Section 4 presents the
environment configuration, parameterization, and calibration process; Section 5 describes the
expeiments and results; and Section 6 condudes the pgper.
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STABILITY AND RECONSTRUCTION OPERATION (2)

Thoughthe scopecan vary on acase by case basis, stability and recondruction opeationsis a
broad brushed approach to stabilizing and recongructing conflict-ridden regions and/or
regionsdevastated by endemic poverty and natural disasters. According to USAID, stability
and recongruction opeaation congsts of three interrel ated objectives:

» Stability tha is advanang a degree of stability and persond security for
affected individuds sufficient enoughto assure ther survival and be able to
engagein basic economic activity. These indudemicro interventionssuch as
humanitarian assistance such as food, water, shdter and a secure environment
for the people as well as an environment condudve to the repariation of
Interndly Displaced Persons and refugess, and more often than not
diplomatic, political, and military interventionsto bringing warring parties to
agreement.

* Reform tha is addressing issues of ingitutiond reform thereby increasing
state($ effectiveness and legitimacy.

* Capaity tha is developing capecity of inditutions and infrastructure
fundanental to advandng lasting recovery. Capecity building targes
developing inditutionsat thelocal, regiond and naiond levels.

While thefirst objective may be short term, reform and capecity building are consderable
undetakingsrequiring long-term commitment and resources from aid agendes.

In recent years agendes have undetaken various mix of approaches to ensure maximum
success. Two dominant approaches are the minimalist aid versus the maximalist effort.
According to Goodhand (2004 the maximalists arguethat aid should be congioudy used as
an ingrument of peace building. It should be comprehensve strategy with the god of
providing a mixture of humanitarian, rehabilitation and development assistance tha would in
turn affect the behavior of various actors. Minimalists question the broadening of the aid®
mandéae and assume a clear distinction between humanitarian aid and development gods.

While nomative debae is extensive, scholars agree tha there is clearly a lack of
empirical evidence tha would suppot either of these methods Due to the paudty of rea
world examples, chdlenges of daa collection, issues with level of andysis and time frames,
and measurement ggps very little is known aboutthe linkages between aid and the dynamics
of violence, as well asits direct linkages with development and state-building.

SYNTHETIC ENVIRONMENT FOR ANALYSIS
AND SIMULATION (SEAS) (3)

Synthetic Environments for Andysis and Simulation (SEAS) (Chaurvedi et a. 2004 2005)
provides an agent-based framework tha is unhbiased to any specific school of thought
scenaio, modd, or system paradigm.
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SEAS COMPUTATIONAL INFRASTRUCTURE

It leverages enabling information technologies and computationd architectures, such as grid
computing, service oriented architecture and resource virtudization, to decouple modd and
data representation, implementation, execution, and control and daa flows. SEAS
computationd infrastructure congsts of two major components, SEAS Computationd Engine
and SEAS Extengble Net Assessment (SEAS xNA). These technologies enable SEAS to bea
highly scalable, configurable, portable, and persistent environment wherein a wide range of
large scale, complex problems can be studied in aholistic manne.

SEAS COMPUTATIONAL ENGINE

The technical architecture of SEAS is presented in Figure 1. The key components of SEAS
are Virtud Execution Environment (VEE), SEAS Virtud Modd Repostory (SVMR), and
Dynamic Resolution Manager (DRM). VEE enables researchers and andysts to configure a
unique execution environment for ther own requirements. Many such environments run
simultaneoudy for different scenariosand courses of actionsandysis.
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Figure 1: Technical Architecture of SEAS.

SEASO Virtud Modd Repostory (SVMR) is a warehous conssting of validated
simulations modds, and modd-components at varying levels of resolution, daa, and inter-
modd coupling relationdhips These essential elements can be selected, sudained, and
appropriately combined to build any desired simulation through conformance to modd and
XML standads
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Each component is validaed before committing it to SYMR to ensure an accurate
representation of the behavior of its real-world counerpats, and for a specific level of
simulation detail.

SEAS has a software zoom capability, called Dynamic Resolution Manager (DRM).
Simulations can be presented at varying levels of fiddity. With a user-friendly graphical
interface, different daa sets can be selected and the information presented enhanced via
DRM. Suppoted by the ability to accept live inputs, such as real-time sensor daa or other
databases, DRM alows simulated environments to be organized hierarchically for various
levels of access and andysis. Information can be easily displayed and readily transtioned
from onefocus to another usng detailed modding, such as engineering level modding, to
aggregdaed strategic, theater, or campagn-level modding.

SEAS EXTENSIBLE NET ASSESSMENT (SEAS XNA)

SEAS uses a knowledge base, called Extensble Net Assessment (XNA), to represent a
synthetic environment in ontological form. The daabase is constructed from a variety of
sources and perspectives, induding proprietary daabases, specific databases developed by
andysts and public domein information gathered throughweb spiders. Informationin xNA is
tagged with the perspective, source, and period of time for which theinformationis valid. A
runime experiment is indantiated for a specific calenda dae using a dice of knowedge
from xNA, representing the state of the environment at the specified time. Modds employed
by SEAS in the active environment capture the emergent behavior of entities imported from
XNA. Additiond smulationsand components are integrated with the synthetic environment
enabling cross-disciplinary interaction with the knowledgebase. Selected types of changes
tha occur within the smulation runtime are persisted back into xXNA, tagged with the
excurson fromwhere the knowledgeoriginaed.

SEAS MODELING FRAMEWORK

SEAS is a computationd infrastructure designed to suppot plurality of thought In othe
words aternaive points of view, modding disciplines, schools of thought representation
schemes, and mathematical abdractions can be meaningfully implemented and integrated.
SEAS modding framework incorporates approaches to both, forward and inverse, classes of
problem domains It modds fundamental human behavior theories from psychology,
neuroscience, and economics as forward problems and complex emergent phenomenasuch as
groups and organizationd behaviors, sodeties, econonies, naion states, and internaiond
systems as inverse problems. SEAS is an integration of millionsof agents opeating within a
gynthetic environment which alows it to take advantage of diverse theories for
parameterization and estimations  In addition, the large nunber gives Gea world like,Ohigh
degree of diversity in starting conditionsand can be viewed as massively large nunmbers of
expeaiments donein paalel. Thisenables SEAS therequisite degrees of freedomfor andysis
which otherwise would have required hundreds of runs

SEAS agents emulate the attributes and interactions of individuds, organizations
inditutions infrastructure, and geographical decompostions Agents join togehe to form
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networks from which evolve the various cultures of the world@ popuktion. Intricate
relationgips among political, military, econonic, sodal, information and infrastructure
(PmESII) factors emerge across diverse granularities. Statistics calculated from the
simulation are then used to provide measurable evaluaions of strategies in suppot of an
effects-based approach to opeations(EBAO) decision making.

Thefundanental agent categoriesin SEAS are theindividuds, organizations ingitutions
and infrastructure (1011G). The popuktion agents of these fundamental types form highe
order condrudts in a fractal-like manna where sufficient detail exists at multiple levels of
focus from world condruds to individuds. Highe order congructs indudepolitical systems
(type of govenment, political parties/factiong, militaries (soldiers, inditutions branches of
service), economc systems (formal banking neworks and black-market structures), socal
systems (tribes, religious groups neghboihoodg and information systems (print, broadcast,
interne).

Agents representing individuds are used to modd the popubce in the synthetic
environment. Individud agents are categorized into citizen and leader agents. An individud®
well being is based on a modd consisting of eight fundamental needs basic, political,
financial, security, religious eduationd, health, and freedom of movement. The desire and
perceived level of each of the well bang categories are popukted taking into account the
sodo-economic class of theindividud the agent represents.

Citizen agents are condructed as a propottiond representation of the sodetal makeup of a
real nation. A citizen agent consists of a set of fundanental condruds: traits, well beng,
sensors, gods, and actions The traits of citizen agents, such as race, ethnicity, income,
educion, religion, gende, and nationdism, are configured according to statistics gathered
fromreal world studies. Dynamic traits, such asreligiousand political orientations emotiond
arousal, location, hedlth, and well being, result during smulation according to modds tha
opeaate on the citizen agents and interactionsthey have with other agents. Thetraits and well
being determine the gods of a citizen agent. Each citizen agent GensesOits environment,
taking into accountmessages from leaders the citizen has built arelationship with, media the
citizen subgribes to, and other members in the citizen® sodal network. Each citizen agent@
state and gods can change as a result of interactionsthe citizen has with its environment. A
citizen agent can react to its environment by autononmoudy choosng from its repertoire of
actions Additiondly, a citizen agent® set of possible actionscan changeduring the course of
the simulation, such as when a citizen agent resorts to violence. Traits, well-being, sensors,
and actionstogehe determinethe behavior of thecitizen agent.

Leader agents have additiond traits over citizen agents and can have an influence level
within ther organizations and inditutions A leader agent can take specific stances on key
econorric, political and sodal issues and can influence citizen agents to take on the leader@
atitudes, thereby atering the political and soda climate in an attempt to promote the
leader® gods. A leader agent tha leads a specific organization is also able to leverage its
organization® resources. On the other hand, citizen agents can elect leaders to places of
postion and replace former leaders.

Clugers of citizen and leader agents form organizations Citizen agents voluntarily join
organizations due to affinity in perspective between the citizens and the organization. An
organization agent@ behavior is based on a founddion condsting of the desires of the
organization® leaders and members. Organizationd leadership congantly seeks maintenance
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and growth of the organizationd membership by providing tangible and intangible benefits,
and citizens subgribe based on a perceived level of bendit tha is received from the
organization. Additiondly, throughinter-organization networks, attitudes and resources may
be shaed among organizations  Through these internd and externd interactions
organizations cause significant changes in perception and attitude change and become core
protagonists of activism in the modd. In turn, an organization exercises its power through
the control over itsresources and its ability to procure and maintain its resource base.

Inditution agents are represented as @ovenmenta entitiesOsuch as the army, police,
legislature, courts, executive, bureaucracy, and political patiesN entities that are able to
formulate policies tha have lega binding, and have more discretionay resources. SEAS
modds inditutionsas structures tha are produds of individud choices or preferences, being
condrained by the inditutiond structures (i.e. an interactive process). Ingitutionsare like
formal organizations with an additiond power to influence the behaviors of members and
non-members.

Media agents also play a significant role in providing information to other agents in the
form of reports on well-being and attitudes. Media organizationsconsst of television, radio,
newspgpe's, and magazines. The media make choices of wha information to cover, who to
cove, wha statements to report, what story elements to emphasize and how to report them.
Inddents are framed on well-beng comporents, and formalized in a media report. Media is
able to set the agenda for domestic policies as well as foreign policy issues. Citizens
subgribe to media organizations based on ther ideological bend. Media organizations act
primarily to frame theissues for their audiences in such away tha they increase thar viewer-
ship aswell asther influence.

Agents emulate the behavior of the entity it represents via the posible engagement
optionsavailable to tha agent and the environment that it is opeaating within. In essence, the
agent intelligence represents the possible exchanges between the agent® attributes and traits,
on the onehand, and the agent@ environment comprised of a hog of other dissimilar agents,
on the other hand. The rules of engagement are known for any class of agents and are
configured for a particular experiment. This intelligence conssts of seven (hehavior
primitivesO that describe the range of possible actions initiate, search, decide, execute,
updae, communicate and terminate. Specific algonthms are used to describe the intendty of
paticular classes of agent intelligence and to affect the agent behavior with respect to
externd stimuli.

Agents interact with the environment and respond, tha is take actions to exogenous
variables tha may be specified by human agents or players in the environment as well as
inputs from other agents. Thisisimplemented with theintrodudion of inpus and outputs tha
each agent possesses. Inputs consst of general Genvironmental sensorsOas well as particular
Gnooming message sensors.OTheincoming message sensors are singled out by each agent as
agents have the ability to quay messages from the environment discriminaely. The agent
also possesses ports characterized collectively as Gexternd actiongOthat allow the agent to
submit its actionsor messages to the environment. Findly, the agent possesses an internd set
of rules classified as Onternd actiongOthat result in the agents Gexternd actiongonthe basis
of thesensor inputs as well as thetraitg/attributes and intelligence structure of each agent.

Algorithms, which are differentiated for a specific type of agent, are embedded into each
agent to create a decison-making ability. These algorithms enable up to five decison



CHATURVEDI ET AL.: MODELING STABILITY AND RECONSTRUCTION OPERATION USING SEAS 231

making chaacteristics, depending on the naure, or sophigtication, of each agent. These
characteristics are:  (a) adgptation by relating events (desired and un-desired) to actionable
events through cause and effect relationdhips (b) course of action (COA) selection,
sequendng, and timing actions that would achieve desired effects and suppress undesired
effects in a timely manne; (c) sensing to determine the indicators of effects and what and
when to look for these indicators; (d) evauaion by determining metrics by which measures
of performance and effectiveness can be formulated so that COAs can be compared; and (e)
self-regulation as plans tha implement selected COAs unfold and sensors provide the state
of indicators, calculate the degree of success and determineif changes should be made to the
COAs.

CONFIGURATION, PARAMETERIZATION, AND
CALIBRATION FOR VIRTUAL AFGHANISTAN (4)

Afghanistan lendsitself as an example of a multi-year multi-naion humanitarian intervention
effort with the ultimate god of @aion-buildingO Toward the end of 2001, Afghanistan was
oneof the poorest naionsin the world manifested with little or no surviving infrastructure,
failing economy, repressed popubce, internecine warfare, a refugee crisis of immense
propottions and the crimindization and ddigitimization of the state (Cramer and Goodhand
2002) NATO led recongruction efforts in collaboration with several NGOs have targeted a
whole spectrum of naion-building efforts such as inditution building, recongruction of
economny and critical infrastructure, provision of security and humanitarian aid, hdping
repatriation of refugees and interndly displaced people.

According to the Internd Displacement Monitoring Center report (2005) IDPs and
refugee crisis is oneof the mog enduring problems facing Afghanistan and the aid agendes.
Repariated IDPs find integration difficult or impossible dueto unresolved propaty disputes,
lack of an environment fogering stable income, and ethnic resentments. Refugee camps have
become sites of rebd leaders (Taliban) who use them as bases to recruit and train individuds,
control and replenish the supplies and laundh incursions into the county. Idleness in the
camp has increased resentment amongg the refugees fodering ideological extremism. To
date reports on progress remain mixed (Bellamy and Williams 2005) UNHCR reported
thousndsliving in displacement, mainly in Zer-e-Dasht and Panjwai in Kandahar province,
Mukhtar in the Helmand province, Masalakh in Herat province and many more in smaller
camps bordering Pakistan. Water shortages, poor sanitation conditions and high insecurity
remain major impediments to camp stability. We use this backdrop to andyze the impact of
variousintervention measures.

Virtud Afghanistan is afull synthetic environment tha allows human-in-the-loop (HITL)
players to interact with a broad rangeof actors in a strife torn region of the world, induding
coditions of forces, nongovanment organizations (NGO), local govenment agendes,
terrorist neworks, media outlets, interndly displaced pesons (IDPs), and loca
administrations The synthetic world is designed so tha the outcomes of playersOactions
emerge much like they doin thereal world.

The VA scenario investigates the impact that well being of interndly displaced persons
(IDP) can have on the codition@ objectives. Approximate locations of a number of IDP
campsare indicated in Figure 2. Thecoloring in the map indicate areas of risk with respect to
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stability and terrorist activity, (blueislow risk, yellow is medium, and red is high). Though
the popuktion of the IDP camps is much smaler than the popuktion of the county of
interest, health and security issues within IDP camps can require military resources, influence
the effectiveness of NGOs, and sway world public opinion.
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Figure 2: TheVirtud Afghanistan.

Virtud Afghanistan (VA), in the experiment, is represented by a physical landscape (G),
and autononous adaptive and cognitive agents conssting of individuds (I), organizations
(0), inditutions(l), and infrastructure (1). VA is represented by 47000citizen agents, 1900
refugee agents, 208 infrastructure agents, 17 named organizations 29 named |leaders, and 2
inditution agents as shown in Figure 3. We build five southern provinces of AfghanistanN
Zabol, Uruzgan, Helmand, Nimroz and Kandéha at a much finer granulatity. These five
provinces were cho®en as they have proven to bethe mogs ungable and dangaouswith areas
controlled by warlords factiond infighting, and maximum refuges flows.

Representative organization and leader agents were choen that could reflect thereligious
ethnic, triba and ideological fragmentation in Afghan sodety. For example, Uzbek warlord
General Abdul Rashid Dostum, Pashtun warlord Gulbuddn Hekmatyar, and Governor of
Herat Ismail Khan are some of the prominent leaders while Hezb e-Wahda, Hezb e-ldami,
and Jamiat e-ldami are examples of variousorganizations For many of the SEAS modds
used in the expeiment, a day tick temporal granularity was used, capturing internaiond
alliances, media broadcasts, and changes in the econony, for example. Within the county of
interest, a oneto-onethousand sampling of agents to people was used to represent the
popuktion.

Fine-grained modds are employed to address the health and security issues surrounding
Refugee/IDP camps Within a Refugee/IDP camp, an houly temparal granularity is used to
capture hedlth crises and crowd violence tha can result from basic needs not being met and
ethnic or class differences within a camp. In an IDP camp, each inhabitant is individudly
modded as an agent. The following section describes one of the classes of modds and the
calibration processesin detail.
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Figure 3: Modded PMESII Nodesin Virtud Afghanistan.
MODEL DETAILS

As discussed in the previous section, many modds representing PmESII elements of
Afghanistan are implemented, configured, and calibrated. Exemplars of agents, modds,
inputs, and outputs are described b ow.

¥ Refugees/IDP. These agents are special cases of citizen agents. There are three
OGncomeQclasses for IDP/Refugeess: Elite, Middle, and poor. The @lite classO
refugees represent a small group who manage to secure power and additiond
goodsfor themselves, often at the expense of others. The Gniddle classO
refugess are thoe who do somewha better than the majority of people, but
have not secured the power or additiond goodstha the elite refugees have.
The (oor classOrefugees comprise a majority of the popuktion of the
community, are theweakest and mog exploited.

¥ Refugee Agents Details. The traits modded in each IDP agent indude
religion, ethnicity, income, soda neworks, and ideology. Information
reaches the agents via traditiond media sources and rumors spread by other
agents. A refugee agent@ behavior is primarily driven by hisher well being.
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¥ Sickness Model. Refugees can bein oneof four states: Healthy, Sick outside
the Medical Center, Sick Indde the Medical Center, and Dead. Refugees
remain in a paticular state for a minimum of onetime step, representing one
hour. Every agent can query each time step to see if they remain in their
current state or trangtion to another state.

¥ State: Healthy. Thisisthe default state for agents. Agents remain in this state
until they become sick and trangtion to Csick OutsideOstate. The probability
tha an agent will become sick is a nonlinear fundion,

f(Basic Needs, Food _Water, Sam'tation) of the refugeaé current perceived Basic
Needslevel, the community Sanitation level, and the community FoodMWater
level.

¥  State: Sick Outside the Medical Center. When an agent becomes sick, they
enter this state and are assigned a number, , from atriangular distribution that
represents the number of time stepsin which they will die if they are unaleto
enter the medical center. Agan, the agent checks with each time step its
hedth status as a result of higher ability or inability to obtain medical
attention. If they are till alive, agents can attempt to enter the medical center
andtrangtionto Gick IngdedIf themedical center has exceeded its capecity,
theagentisforced to remain in Gick Outside.O

¥  State: Sick Inside the Medical Center. When agents enter the medical center
they are assignal a number tha represents the number of time stepsin which
they will become well again and trangtion to Healthy. The number of time
stepsuntl they become hedlthy is a nonlinear function, , of a number from a
triangular distributon, the community Medical Resources level, the
community Medical Personné level, and the community Security level. With
each time step, an agent checks to see its surviva statusin the medical center.
The probability of dying in the Medical Center isp = 0.0001per time step. If
not dead, they check to see if sufficient time has elapsed to become healthy
eventudly trangtioning to the Healthy state.

¥ State: Dead. Once an agent dies, it is removed from the camp and undegoes
no further processing.

¥ Inputs: Policy decisons and actions by governments and NGOs provide the
inpuss to the modd. These are entered throughSEAS Action Planna. Levels
of Security, Food and Water, Medical Personrel, Medical Resources and
Sanitation can take on values ranging from 1 to 10. The capecity of the
medical clinic/hogital is also established aprion.

¥  Outputs: The outputs of the modd indude the nunmbers of hedthy, ill and
dead refugess. Also the numbe of ill refugees beng treated by the
clinic/howital is calculated. These outputs ate displayed in SEAS Visud
interface.
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CALIBRATION PROCESS

The sickness modd is calibrated usng information from the United NationsRefugee Agency
(UNHCR). In the proceeding paragraphs we present two steps of our calibration process,
modd calibration andintervention calibration.

MODEL CALIBRATION

Information from the UNHCR Standards and Indicators suggests that death rates for stable
refugee camps should be< 1.5 per 1,000 popuktionseach month, and death rates for refugee
campsin an GmergencyOstate should be < 1 per 10,000 popuktionseach day. Converted to
thesame units, stable: 1.5 desths/1000pop each month, emergency: 4.5 desthg1000pop each
month. Thedeath rates fromthemodd reasonably approximate the data for the stable as well
astheemergency conditions
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Figure 4: Modd Calibration Process.

The UNHCR Standads and Indicators also provide indghts into sick rates in the camps
In stable camps the nunber of new visits to primary health facilities per person per year is
1.0 - 4.0. Note tha this is the numbe of new visits and does not indude follow-up visits,
which will increase the number of visits per year. The standads however, do nat provide
any information about follow-up visits. We assume tha 75% of visits require a follow-up
visit and 50% of those require a (second) follow-up visit giving us the nunber of visits per
year as approximately 2.12598.5. For campsin an GmergencyOstate, the standards suggest
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tha the numbe of new visits pe person pe year is 3.0 B5.0. Using the same assumptions
aboutfollow-upvisits, we have approximately 6.375D10.625 visits pe year.

As shown in Figure 4, we start by rough estimation of the parameters of the sickness
modd. These are linear approximation from the empirica daa We run the modds and
andyze theresults. Next we introduce nonlinearity to better match the historical time series
data which provides beter estimates. These steps assume tha the size of the camp is
condant. In the following phase of calibration we relax this assumption and allow new
refugees/IDP to enter the camp. In the find step of calibration, we introdue sickness rates
and medica facilities distribution and readjud the parameters to match theempirica daa

INTERVENTION CALIBRATION

Intervention calibration entails adjuging the responsveness of the modd taking into account
the ranges of values for each relevant variable.  Some of the variables may have direct
impact on the observed metric while the other may have indirect impact. For example, while
sanitation may be assumed to have a direct impact on number of sick, closure of supply route
may have indirect impact. As shown in Figure 5, we perturb the PmESII values to ge the
distributonsfor sickness and wellness.
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Figure 5: Intervention Calibration Process.
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This process of modd and intervention calibration is repested for all modds and the
entire range of Diplomatic, Information, military, Economc (DImE) actions We rely
primarily on datato determinetherespons rates. Wherever daais notavailable we resort to
well accepted theories from published reportsin peer-reviewed joumds. Obvioudy, thee are
boundto be areas were ndthe daa nor theories exist. In such cases we make reasonable
assumptionswith the hep of subject matter experts, assumptionsthat are trangpaent to the
users.

TYPESOF INTERVENTION

By mixing and matching DImE actions on PmESII nodes and allocating different levels of
resources, expeimenters can create rich sets of intervention plans focusng on different
aspects of stability and reconstruction opeaation. These plans can then betested in SEAS-VIS
environment and ther impacts on different metrics can be measured, anadyzed, and causality
estimated. Because SEASVIS is set up in an n-sided interaction, each side in the
environment has ability to take actionsagaing each other. Theavailability of action sets and
the resource to the sides are configured at the beginning of the experiment based on rea
world information. Whenever there is paudty of information, separate experiments can be
set with different assumptionsin order to get better estimation of resources. Thefollowingis
asubst of al available actionsin SEAS-VIS.

¥ FEngage (D): This action is taken on an Organization or a Leader to
diplomatically persuade the entity to suppot the actor. The resource level
indicates thelevel of engagement.

* Expand Diplomatic Relations (D): This action is taken on an Ingditution to
diplomatically persuade the entity to suppot the actor. The resource level
indicates thelevel of engagement.

* Issue Demarche (D): This action is taken on an Inditution or a Leader to
internationdly convey an objection to the entity@ actions The resource level
indicates thelevel of oljection.

* Reduce Diplomatic Relations (D): This action is taken on an Institution to
internationdly convey an objection to the entity® actions by redudng
diplomatic relations The resource level indicates the amount of redudion in
diplomatic relations

o Threaten an Embargo (D): This action is taken on an Inditution to convey
econonic threat in the form of an embargo on the naion. The resource level
indicates thelevel of threat.

e Threaten Economic Sanctions (D): This action is taken on an Ingitution to
convey economnic threat in the form of economc sanctionson the nation. The
resource level indicates thelevel of threat.

* Conduct Psychological Operation (I): This action is taken on geography to
indicate tha the player is undetaking psychological opeation in tha
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geography. The resource level indicates the subset (designaed by thirds) of
the popuktion targeted by the operation. This action is treated as an attempt
by the player to persuade the citizens to align ther attitudes with those of the

player.

¥ Media Campaign (I): This action is taken on media to persuade it to convey
information with a desired spin to its sub<ribers. The spin of the media
campaign is set by the actions Media Campaign: OpposngOand Media
Campaign: SuppotingO |t is assumed tha the entity taking this action desires
apostive spin attributed towardsitself. Theresource level indicates the extent
of the media campagn influenang the number of subsriberstha are likely to
be aware of the campaign.

¥ Disrupt Relief Activities (M): This action is taken on geography to disrupt any
relief activities tha might be ongoing in tha geography. The resource level
indicates thelevel of disruption.

¥ Disrupt Critical Infrastructure (M): This action is taken on a geography to
disrupt al infrastructure in the following sectors. Agriculture, Eduction,
Health, Power, Trangportation, and Water.

¥ Protect Critical Infrastructure (M): This action is taken on geography to
protect all infrastructures in the following sectors to a level indicated by the
resource level of the action: Agriculture, Education, Health, Power,
Trangportation, and Water.

¥ Destroy (M): This action is taken on infrastructure to damage it throughthe
use of overt military means The effect is pemanent, and theresource level is
indicative of thelevel of damageintended.

¥ Disrupt (M): This action is taken on infrastructure to disrupt its activities
throughthe use of ovet military means The effect is temporary and ceases
when the action is removed. The resource level is indicative of the level of
disruptionintended.

¥ Kidnap (M) / Arrest (M) / Assassinate (M): These actions are applicable to
Leaders. Action is always successful without regard to the resource level.
Media reports on the event and inter-organization communication influence
citizen wellbeng, attitudeand arousal.

¥ Deploy Troops (M): Thisactionistaken on geography to indicate tha military
forces or militia affiliated with the player are present in tha geography. The
resource level indicates thelevel of troops

¥ Provide Relief Aid: XXXXX (E):

Provide Relief Aid: Education (E)
Provide Relief Aid: Food (E)
Provide Relief Aid: Health (E)
Provide Relief Aid: Power (E)

V V VYV
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Provide Relief Aid: Sanitation (E)

Provide Relief Aid: Telecommunications(E)
Provide Relief Aid: Trangportation (E)
Provide Relief Aid: Water (E)

V V VYV

These actionsare taken on geography to providetemporary relief to citizensin
tha geography. The resource level indicates the fraction of citizens that are
targeted by this action.

¥ Provide Resources to Local Security Institutions (E): This actionis taken ona
geography to temporarily inaease the level of local security forces in tha
geography. The resource level of the action indicates the level of resources
provided.

¥ Rebuild/Expand Critical Infrastructure (E): This action is taken on a
geography to rebuild al infrastructures in the following sectors: Agriculture,
Education, Health, Power, Trangportation, and Water. The resource level of
theactionindicates thelevel of effort expended in therebuilding.

¥ Provide Humanitarian Relief (E): This action is taken on organizations and
leaders to provide them with humanitarian relief for redistribuion. The
resource level indicates the amountof goodsprovided.

EXPERIMENTS AND RESULTS (5)

Once we have a calibrated synthetic environment, which in the steady state gives outputs that
are congstent with the real world, we design different experiments to study the behaviors of
thecommunities. In our experiment, we interject an earthqude to andyze theimmediate and
prolongeal impact on the well-beng of citizens in a specific locality as well as in the
neghboiing regions Our intervention strategy conssts of DIME actions tha are taken by
internationd and nationd aid agendes on PmESII nodes to mitigae the impact of the
disaster. DImE actionstaken by the Codition Task Force are entered manudly while actions
taken by the anti-govenment factionsand terrorist groupsare automated. We create various
action planne's with minimalists and/or maximalist approaches to aid strategies.

EXPERIMENTS

We set up experiments to andyze the effects of two intervention strategies on the condition
of refugee camps both in the immediate aftermath of the earthquéke and in the following
recongruction peiod. Theactionsare injected two days after the ssimulated earthquéke. The
epicenter of the earthquée is located on the west side of Helmand, and subsequently the
provinces of Nimroz and Helmand were most heavily affected. Sixteen refugee campswere
modded in Virtud Afghanistan, three of which were directly affected by the earthquée due
to their proximityN Makaki (Nimroz, ~6000refugees and 1DPs), Mile 46 (Nimroz, ~10,000
refugees and IDPs), and Mukhtar (Helmand, ~22,000 refugees and IDPs).
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SCENARIO O — BASELINE

Our first experiment simulates the effect of no intervention from the Codition Task Forcein
conjundion with low crimind and terrorist activity from the Red groups. The baseline
results are used to assess theimpact of different intervention strategies in the aftermath of the
virtud earthquée.

SCENARIO 1 — MINIMALIST APPROACH

Experiment 1 has alow level action aimed at bolstering security in refugee camps, aid/protect
critical infrastructure in southern Afghanistan coupled with high level of aid to NGOs to
suppot refugee camps within the provinces affected by the earthquée. There are medium
levels of crimind and terrorist activitiesaimed at disrupting therelief effort.

SCENARIO 2 — MAXIMALIST APPROACH

In experiment 2 high levels of resources are alocated to the actions taken by the Codition
Task Force and are aimed at interdicting Red (adversarial) organizations aid/protect critical
infrastructure in southern Afghanistan, media campagn/psychological opeationsaganst Red
entities. Crimind andterrorist activities are set at medium levels.

RESULTS

IMPACT OF INTERVENTION STRATEGIES ON SICKNESS AND DEATH
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Figure 6: Impact of Intervention Strategies on Sickness Level in the aftermath of
Earthquke.

As shown in Figure 6, the maximalist approach produces a larger redudion in the number of
sick in the camp following the earthqué&ke. However, because of the medium levels of
crimind and terrorist activities, the return on the investment is low compaed to the
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minimalist approach. Greater availability of resources inacreases crimind and terrorist
activities as money, medica supplies, and food are siphonel off to black markets for profits.
These profits in turn finance the crimind and terrorist activities. This cycle, in turn, has
detrimental effect on the stability and recondruction opeation.

It is interesting to note tha the main difference between the two strategies is in the pesk
levels of sickness in the affected camp and stabilizes at approximately the same level. This
result has clear policy, humanitarian, and moral implications These implications are more
evident when we andyze the number of desthsin the camp as shown in Figure 7. Maximalist
strategy reduces the number of desths by 33% over the minimalist approach. Theissue agan
is how the resource can be or should be alocated to mitigate the suffering of the affected
popukce.
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Figure 7: Impact of Intervention Strategies on the number of Deathsfrom Sicknessin
the aftermath of Earthquéke.

IMPACT OF INTERVENTION STRATEGIES ON PUBLIC OPINIONS

As shown in Figure 8, theimpact of intervention strategies on local to globd public opinions
IS couner-intuitive. Maximalist approach actudly does worse than the minimalist approach.
Maximalist approach, over alonge period of time, increases crimind and terrorist activities
resulting in declinein favorable public opinion, especially anongthe citizens of Afghanistan.
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Figure 8: Impact of Intervention Strategies on Public Opinions.
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CONCLUSION (8)

Humanitarian aid and assistance is consideed a critical tool for development and
recongruction. Anadysts agree tha recondrudionis alongterm holistic process tha indudes
a full range of integrated activities such as restoration of physcal infrastructure, building
inditutions and enhanang govenment capecity, reforming and/or trandorming political,
sodal, and economnic sectors, and socio-psychological suppot to communities affected
severely by the conflict ridden environment. Debae however ranges over the timing, content,
and sequencng of development and recondrudion efforts. Internaiond aid community is
also faced with variouschdlenges tha mitigae coordinaion of aid. Chdlenges are posed by
recurring naural disasters such as drought and earthquées, high numbers of interndly
displaced persons and returning refugees, contested terrain, and competing regiond and
internationd influences.

In this pgper we present a computationd modd for smulating the dynamic interplay
between aid and its linkages to the peace building process in a war ravaged region of the
world. Our god isto integrate varioussodo-psychological and organization behavior modds
to assst in undestanding the effectiveness of intervention strategies, specificaly in
undestanding what types Of intervention at which particular time can afect the various
dimengonsof peace building.

We us the SEAS-VIS platform to condruct a Virtud Afghanistan represented by a
physca landscape, and autononous adaptive and cognitive agents consisting of individuds,
organizations inditutions and infrastructure. Virtud Afghanistan is represented by 47000
citizen agents, 19000refugee agents, 208 infrastructure agents, 17 named organizations 29
named leaders, and 2 inditution agents. We interject an earthquée to andyze the immediate
and prolongel impact on the well-beng of citizens in a specific locality as well as in the
neighboing regions Our intervention strategy congsts of Diplomatic, Information, military,
and Econonic (DImME) actionstha are taken by internaiond and naiond aid agendes on
Political, military, Economic, Sodal, Information, and Infrastructure (PmESII) entities to
mitigate the impact of the disaster. We test various courses of actionswith Minimalists and
Maximalist approachesto aid strategies.

Our results indicate tha in the presence of moderate levels of crimind and terrorist
activities, a Minimalist Approach to stability and recondruction opeation may provide a
better return on investment than a Maximalist Approach. However, the result should be
accepted with caution. Given thedynamic naure of n-sided interests in an environment, each
side adapts to the actions taken by the others to achieve ther own gods. Coditions and
aliances are formed and disbandel; leaders emerge and lose favor; and same actions can
have populr suppot a onetime and may be viewed as coecive a another. As such, the
definitionsof GninimalistOand GnaximalistOapproaches changeas situaion changes.
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