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ABSTRACT
The increasing threat and globalization of terrorismheaghtenedhe need for estimating the
geographical extent of population at risk to terrorist attacks. These estimations primdtieeef
and efficient analyses to support various organizations for estimating necessary aid resources as
well as identifying areas that require military and governmental involvement. Wabnsistent
framework available for studying terrorism risk onding data gapshe goal of this study is to
provide a baseline methodology for spatially estimating population at risk within-paata
environment (Willis et al. 2005). This thesis examines the Islamic insurgent group, Boko Haram,
and their historidaattacks within Borno State, Nigeria over a five year period from July 2009 to
June 2014. Data is disaggregated using a dasymetric mapping method designed to increase
spatial quality to provide a more intimate look at risk throughout the state. Cox §tegyes
statistical method to analyze time between events in accordanceowdthated r el at i ons hi |
estimates risk through hazard ratios which are applied to spatial cells. Classified risk cells are
used to estimate population at risk in areas thraighmodel. Results depict detailed areas and
population at risk to Boko Haram terrorism, the spread of Boko Haram from Borno State to
nearby areas over time, and geographic variables wiicbkase odds of Bokdaramattacks to
occur. These results areefsil to understand the areas and amount of people affected by Boko
Haram terrorism and aim to improve methods and techniques using geographic information
systems (GIS) and statistical methods for risk analysis. Geographically disaggrdgtding
datapoor countries provides previously unknown insights to analytical probetestally
facilitating solutions for various subjects suchradical andenvironmentatrisesterrorism,

and urban development.
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CHAPTER 1: INTRODUCTION
Soon after the Septembet, 2001 terrorist attacks, President George W. Bush declared a War
on Terror and rallied the nation to Apursue n
(Bush2001, 1). Over a decade later, the number of groups utilizing terrorism has more than
doubled and uncertainly in the global sepiglitical and economic atmosphere has increased to
staggering proportions. Natiestates are failing and the economic turmoil created through
instability and corruption creates an ideal environment for the estatdnt of terrorist groups
(Medina and Hepner 2014)ligeria in particular istruggling to confront these challenges as
instability has spreathroughout the region of West Africa due to issues of poverty, ethno
religious tensions, corruption, and econouiownfall, an ideal breeding ground for terrorism
(Onapajo and Uzodike 2012; Siegle 20I@)e most significant threat to the region is Boko
Haram, an Islamic insurgency rampant in Nigeria. The group is currently active in more than half
of the country ad spreading to neighboring countries displacing hundreds of thousands of

people, anagnurderingthousands morédnapajo and Uzodike 2012; Spindk€14).

1.1 Motivation
In northeastern Nigeria, internally displageetsongIDPs) and refugees are product8oko
Haram terrorism. Those that do not want to jo
Haramdés strict |1 fest ytaemuderikidneadpingnleisgamangst f or c e
violence or sold as wiveand slavegSpindler 2014Beyani andzsak 2014

Violence is intensifying creating more IDPs with little to nothing left. Many villages,
such as DoroBaga have been burnt and residents shot or drowned. A redetenibed fi They
burnt the whole village including fishing and farming to#leople are leaving the area in droves

because of fear that their vl1.l 1l age could be t



The number of displaced persons in Nigeria is one of the highest in the world. In 2014,
3.3 million people are estimated to be displaced s20d® not only due to Boko Haram
violence,but extreme cycles of droughtkods and land conflicts between ethneligious
crises (Datti 2014). There are significéintitations, however, for estimatinthedisplaced
population across Nigeria, espelyah the northeast, and official numbers sway drastically.

First, population counts of the area are outdated and aggregated to large administrative
boundaries. The last census was conducted in 2006 and was surrounded by controversy,
corruption, and consgacy (Odunfa 2006). Growth rates are estimated betwedn307percent
with Borno State at an estimated 3.4 growth rate (UNFPA 2009; World Bank Zaiptilation
estimates are an imperative first step to determining population at risk for displacement du
manmade and natural crises (Dobson 2003). Understanding where popelsitiesas well as
potential threats aid mission planners in governments and humanitarian organizations to
determine amounts of resources necessary to help displaced fpeopbatural to mammade
disastersOver and undeestimating population has consequences of improper allocation of
resources to lives log¥lost current estimations are concentrated on regional effects and less on
statelevel estimations.

Second, de to the cotinuous insecurity and remotenessief northeastmany IDB and
refugees fleeing Boko Haram violence have severely limited access to national and international
humanitarian supportVithout this support, Nigerians stay with host families or in schaals b
resources attempting to support this influx of people to new areas and surrounding countries are
severely strained (Spindler 2014).

Third, without enough national and international humanitarian support, it is impossible to

understand how many people actually displaced, or address the IDP situation. When entering



humanitarian camps, displaced people are registered and counts are reported for planning and to
collect resources and supplies. As of late 2014, there are several varying estimates of people
displaced, but these numbers usually portray newly displaced and not continuously displaced.

For exampleit is estimated roughly 470,500 newly displaced people were fleeing
violence from Boko Haram in Borno, Yobe, and Adamawa States as of the end¢fi20C
2014). Humanitarian organizations are skeptical of these figures as neither the National
Emergency Management Agency (NEMA) nor the National Commission for Refugees (NCFR)
supply methodologies accounting for people displaced. In addition, witimiled access to the
northeast, there are poor communications to address the situation and theteansistent
avenues for monitoring displaced persdhs: actual number of IDPs impactegnainsunclear
(IDMC 2014; Spindler 2014).

Lastly,a need founderstanding how many people are displaced or where they are from
is necessary as thisads to secondary consequences such as food insecurity and without a
counterinsurgency resolutioNEMA has estimated that roughly 60 percent of farmers have left
their fertile crops which supply a vast majority of food to the region (Beyani and lzsak 2014).
Also, planners and decision makers do not have a specific enough analysis to understand the
overwhelming reach of Boko Haram into various parts of the counttyvéiere or why Boko
Haram would attack a location (Onapajo 2013).

As addressed by Willis et al. (2005) there is no consistent methodology for modeling
terrorism risk. Risk to terrorism is defined many wayswever, this study concentrates on
Wilisetald s def i ni ti on Thodatisrdefised asuhs prabapility that am attack

will occur against an area at specified time interval. Spaaaitytemporallydentifying



terrorism riskat high resolutiongs a unique but paramoufitst step tatruly understanding the

depth of humanitarian crises

1.2 Case Study:Estimating Population at risk in Borno State, Nigeria
The goal of this study is to provide a methodology for handling low resolution data to spatially
estimate population at risk BokoHaram attackfrom July 2009 June 2014Figurel depicts
the study area of Borno Stateigeriaand emphasizes the adminisira divisions within the
state Borno State is the birthplace to the Boko Haram insurgestbtynosof t he gr oupo6s
activity occurringhere during the study perioBlorno Stateis divided by 27 Local Government
Areas(LGAs) with a totalestimated population of 5rillion (2014) in 69,435sq. km(UNFPA
2009) Each LGA incurred at leasheattack from BokdHaram between July 2009June2014
except for the LGAs Bayo and Monguno

Forpublicuse, population figures are only attainable at the aggregated LGA level. For a
useful estimation of population at risk to Boko Haram terrorism, a more specific populatio
count is necessary. A dasymetric mapping method utilizing areal interpolatideadimc:
weightingis used to estimate population across a finer spatial resolution.

Historical Boko Haram attacks are gecated by city throughout Borno State and
providea high resolution of spatial understanding to where events are occurring. These events
are usedo perform a spatial analysis to ident#yeas that have correlating factors to potential
terrorist attacksTerrorism does not occur randomly but has spesiliatial implications of cause
and effect factors which can be predicted through spatial analysis (Medina, Siebeneck, and
Hepner 2011). Not all villages or locations are at equal risk to a terrorist attack, so understanding

where violence has occurred daglp determine the why.
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Many factors can contribute to why a location appeals to terrorists. Locations are
targeted due to symbolic value, psychological impacts, poténtmahn and physical damages
and accessibility (Medina and Hepner 2013; Sidhu 2014). Accessibility pertains nti thrdy
ability to reach a location but the possibility of using it to blend in with the local population
(Sidhu 2014).

Factors used in thigarticular study to identify statistically significant correlations to
terrorism events areoncentrated arourestimated population, aratcessibility to population
through road network®&y utilizing these factors and understanding the amount of imipaygt t
have on historical terrorist attacks, areas can be identified which have a higher risk of future
terrorist activity and potential for population displacem@aix Regression, a type of survival
analysis, is used to study the interactions of factonsstorical attack data over space and time.
Multivariatelayers provide a visualization of areas at risk and estimated population at risk

throughverylow to very highclassifications.

1.3ResearchFramework
This study follows previous work by Raleigh and He(2009) Medina, Siebendg and Hepner
(2011), anRiebel and Buffalino (Tapp 201&) answer the following questions:

a) What areas are at risk to Boko Haram attacks?

b) Approximately how many people are at risk to Boko Haram attacks?

¢) What variables have aagistically significant correlation to Boko Haram attacks?

d) What are the spatial and tempbirends to Boko Haram attacks?
The research and methods outlined in the following chaptenser these questiottsspatially
understand and visualize the extehBoko Haram terrorist activity to better identify and

estimate populations at risk for more accurate humanitarian mission planning.



The remainder of this thesis is divided into four chapters. Chapter Two provides a
background on Boko Haram and th@itical and socioeconomiactors which contribute to
persistent violence in northeastern Nigefiais chapter will also review complications with
uncertainties in estimation in dgpaor environments such as Nigeria. Chapter Three describes
the study area, ¢k sources, and framework methodologies for employing the population at risk
model This chapter also highlights the methods used to answer the research questions and
identify hypotheses used for a more advance statistical analysis.
Chapter Four presentse anal ysi s and results of the st
visualizations of the results. Chapter Five reviews the importance and difficultiesstiidiye

along with discussing further opportunities for research and development.



CHAPTER 2: BACKGROUND AND LITERATURE REVIEW
Boko Haramhasincreagdin strength in Nigeria despite countasurgency measure$his has
occurred primarily due to thack of understanding of the group, its allies, and severe lack of
data. This chapter presents an overview obtigin of the Boko Haram insurgency and the gaps
in research which prevent the containment of the movement. Previous research is discussed to
obtain a further understanding ofglsituation through a spatial analysis of terrorism studies.
Understanding wére terrorism is occurring reveals patterns and trends which depict high risk
areas vulnerable to Boko Haram attacks and thereby population &opglation at risk is
imperative for national and international humanitarian organizations to plan fodipgv

innocent, displaced civilians with basic necessities such as shelter, water, and food.

2.1 The Boko Haram Insurgency

Boko Haram, as it is known today, is a terrorist organizafimmded around 2002 by

Mohammad Yusuf in Maiduguri, Nigeria. Boko Han is generally classified as a Sal&fist

organization, strictly forbidding Western culture and anything that strays from their strict ideals
(Nance 2014). The formal nameJisa ma & At u s S u n n aaHlihad vhiahGaughly t |
transl ateg ttdhefiFeapliga ifom of the Prophet for J
The more common name, Boko Haram, transl ates
Forbidden)od but the group prefers AWestern Ci
group is motivate by the political corruption by the Westezducated government officials

contaminating the country and exacerbating poverty and economic inequality (Onapajo and

IA terrorist organization usesrrorism is used to promote change through violence, force, and fear based on
nationalist/separatist, cultural/religious, and/or ideoldgicgions (Medina and Hepner 2013).

2Salafi Islam is a belief that to be a good Muslim, one must follow the examples of the first three generations of
Islam those closest to the era of Muhammad (Nance 2014).



Uzodike 2012). The main purpose of the group is to overrun Waestiranced Nigeria and
eshblish an Islamic state based on their strict interpretation of the Quran and Sharia Law.

Boko Haram uses Islamic fundamentalism as a tool to justify their actions and condemn
their enemies. They believe Nigeria is corrupted by Western influence andvsoesaltherefore
devout Muslims should rid Nigeria of the Westernized and educated leaders that failed to care
for the state, their immoral practices, and establish the ideal Islamic society without political
corruption or lack of morality (Onuoha 2012ypical targets of Boko Haram attacks include
police, military, churches and Christians, schools, Wesiemmed facilities, the media,
government officials, and moderate Muslifvdeina and Hepne2013).

There is a general consensus throughout the comyrthait the group violently
radicalized as of July 2009, after a crackdow
deaths to include their leader, Mohammad Yusuf. After multiple days of fighting, thousands of
citizens were displaced and many mersheere detained. The surviving members vowed to
retaliate against the State and in 2010 led a successful attack against the Bauchi central prison,
freeing their surviving members awaiting trial (Onuoha 2012).

As the Bauchi prison attack in 2010 showedkBo Har amdés ar mament and
not only significantly developed, but vulnerabilities in Nigerian intelligence and security
capabilities were realized (U.S. State Department 2012; Onuoha 2012). Terrorist events,
membership, and presence increasetispmead from northeastern Nigeria to greater Nigeria,
Cameroon, Niger, Chad, and Mali (U.S. State Department 2014). Boko Haram became more
ruthless and incorporatenass kidnappings, murders, targeted attacks, and even developed more
technical attacks dizing Vehicle Borne Improvised Explosive Devices (VBIEDs) (U.S. State

Department 2012).



The most recognizable attack of 2014 included a mass kidnapping of over 250 girls from
a school dormitory in Chibok, Borno State. The kidnapping brought internatiteation to the
group inspiring a social media frenzy#BringBackOurGirls Celebrities and the First Lady of
the United States, Michelle Obama, posed with pictures to spread the hashtag and awareness in
hopes to pressure the Nigerian government to deetung about Boko Haram. It is reported the
girl s6 fate were to be auctioned as wives of
attacks have also occurred at both male and female, Muslim and Christian schools but have
mainly ended in mass mumdand the burning down of facilities.

Although Boko Haram violence has increased dramatically since 2009, the government
of Nigeria does not know how to effectively rid the area of Boko Haram, how to curtail its

spread to the region, or anticipate subseqattacks (Maiangwa and Uzodike 2012).

2.2 Breeding Ground for Terrorism

Boko Haram has flourished in Nigeria due to many factors relating to political, economic, and
ethnereligious conflicts (Okpaga, Cingke, and Eme 2012). Boko Haram takes advartages

lack of governance and infrastructure, mass poverty, ethnic tensions and inequality, and official
corruption to gain a foothold in northeastern Nigeria. In 2010 roughly 100 million Nigerians
were making less than $1.00 USD a day. In addition ttess30 percent of people living in the
north had access to safe drinking wa@¥FR 2010).

With the extreme rates of persisting poverty in the north, many youths and graduates are
easy targets for radicalization as they are disillusioned with the govetrtongrovide basic
resources, employment, and security to the north (Onuoha 2012; Adesoji 2010). Also a factor is
the bitterness against the south and central government with its wealth and vast resources. Many

see a misappropriation of resources forrthe r a | north to fatten the po
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of improving the livelihood of its citizens from mass poverty (Adesoji 2010). Poverty in the
north is at an average of 70.1 percent with the south at an average of 34.9 percent (Onuoha

2012).

2.2.1 Ethno-Political and Religious Tensions

Ethnoreligious issues in Nigeria consistently revive violence. Not only does Nigeria have the
largest population in Africa, it is also one of the most ethnically diverse with over 350 ethnic
groups and 400 langueg (Solomon 2013). Three main ethnicities which also represent a
majority of the government include the Hausa and Fulani (29 percent) in the north, Yoruba (21
percent) in the southwest, and Igbo (18 percent) in the southeast (Forest 2012). Other ethnic
minorities are often marginalized, not represented politically, and roughly two thirds of these
groups are found in the northern states (Forest 2012).

Ethnoreligious conflicts are largely motivated over land and scarce resources, power,
chieftaincy, marketontrol, religious interpretations such as the use of Sharia Law, and a caste
system Qkpaga, Chipke, and Em012). Issues are made worse by injustice and inequality
towards different ethnic groups. State and local governments exclude eéntagitiesfrom
having rights depending on which jurisdiction one resides in. With so many ethnicities in the
area, choosing who has rights and who does not is entirely discretionary and creates discord with
politics and trust in the system. In addition, many ietgnoups have conflict over land due to
migration and their ethnceligious differences. Distribution of wealth and power between groups
has historically driven the region to violence, culminatinthetragic reality that breeds
terrorism and radicalizesentiment.

A majority of the members of Boko Haram come from the Kanuri tribe which represents

approximately 4 percent of the population and reside in the northeast (Forest 2012). Hausa and

11



Fulani members have also joined the cause due to the persmtiogrns of the north such as
poverty, lack of opportunities and resources, and marginalization of the central government.
Another factor driving ethnic tensions aligns with a strong religious polarization in
Nigeria. Fifty percent of the population isuglim and located in the nortith the southroughly
atforty percent Christian and ten percent indigenous beliefs. With the multitude of ethnicities
and polarizing religious beliefs, imagining a one Nigerian nationality and uniting under a single

govermment is practically impossible (Maiangwa and Uzodike 2012).

2.2.2 Topography and Economic Development

Nigeria has the largest economy in Africa with an estimated GDP of USD 510 billion mostly
involving oil and agricultural sectortJ(S. State Departmen022 Barungi 2014). Although the

GDP has climbed an approximated 7.4%, many inhabitants of the north question why such high
levels of persistent poverty and lack of infrastructure and development are ocdDkpayé,
Chijioke, and Em@012; Barungi 2014 In addition, cyclical issues of drought and flood as well

as desertification, puts much strain on an impressionable environment both economically and
ethnically through land control. Without a trustworthy political system to aid in land disputes or
resouces and infrastructure to support those in need, violence tends to increase and originate
during these conflictsdkpaga, Chipke, and Em@012).

According to the United Nations Office for the Coordination of Humanitarian Affairs
(OCHA) and United Natiosm Refugee Agency (UNHCR), insecurity and violence in the north,
especially the northeast, have prevented humanitarian and development organizations from
investing in and providing aid to the area (Campbell 2014; UNHCR 2014). In addition, the harsh
and rurdenvironment makes it difficult to traverse the terrain and reach those in need. Food

insecurity in the region is rampant due to continuous failed crops and difficulty identifying where

12



resources are needed most. Hundreds of thousands of people digfgagaas an incredible
amount of economic strain on nearby communities attempting to host those in need (Campbell
2014).

Figure2 summarizes the ethrmolitical, religious, and economic issues contributing to
persistent conflits in Nigeria. This figure depicts the demarcation of north and south, Sharia
versus English Common Law, respectively. Also shown are major ethnic groups (117 displayed
out over 350hich exist in NigeriaThe Boko Haram crisis is overlaid on this langsca
depicting the states which have declared a state of emergency, states with Boko Haram attacks,

and the movement of IDPs and refugees.
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117 Ethnicities represented on map
- Over 350 ethnicities -400 languages

- 50% Muslim -40% Christian

- 10% Indigenous Religious

Northern States: Primarily Muslim, Sharia Law,
Agriculture, Rural

Southern States: Primarily Christian, English Common Law,
Oil, Natural Resources, Developed

* County Capital ¢
W- E
—— Admin 0 - Country Boundary -
~~  Admin 1 - State Boundary 0 h?:eos 220
L 1 1 1
=== Religion/Legal Divide T . T . )
0 200 400
Coordinate System: WGS 1984 UTM 33 North Kilometers

Sources: NEMA, OCHA. IDMC, Murdoch, GADM, SRTM, ESRI
*Represents states which incurred 16 or more attacks during the study period

Figure 2: The Boko HaramCrisis Overlaid on the Ethno-religious L andscape inNigeria
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2.3 CounterInsurgency Operations and Issues

The countefinsurgent operation to northeastern Nigeria is deemed ineffective and has received
numerous criticisms from internationaganizations, governments, and humanitarian groups
(Onapajo 2018 Onapajo (2013) contends that Boko Haram persists due to a major lack of
intelligence on the insurgency and its members. Taeréhe numerous contradictions and
conflicting informationof Boko Haran® erigin, purposeradicalization external support, and
evenname (Adibe 2013)The background described in the previous sections follow some of the
more weltknown and accepted variations, speculations, hypotheses, and data about Boko
Haram, lut a significant issue remains: there is an urgent need for more research into the
understanding of what Boko Haram is, what they stand for, what they intend, and what they are
capable of. What is undeniable is that Boko Haram is a significant problem.

The prevalent question is who are the Boko Haram? March 2013, President Goodluck
Jonathan made an official visit to the stronghold area of Boko Haram, Borno State, and labeled
the group as 6facelessd and as a edngthepast ( Onap
five years Nigeria has been combating the issue. Also, in 2011, Nigeria created a Joint Task
Force (JTF) to specifically combat Boko Haram. Since the JTFs creation, they have boasted
numerous successes of arresting and killing a large amburgmbers. Contrary to their
reports, not only have Boko Haram attacks increased, become more sophisticated, but a vicious
splinter group has evolvédAlso, humanitarian organizations have complained that the JTF has
not been killing Boko Haram, but innent civilians leading to more migration issues and a

significant spatial shift of property ownership and ethnic control (Onapajo 2013).

3 The splinter group is known dsa ma 6 a tulMuglimisadi Biladis Sudanr Ansaruwhich is translated

roughly as AVanguards for the Protection of Muslims in
focus for the establishment of an Islamic Caliphate and have ties to AQIM. Bhjs igroutside the scope of this

study.
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While we do know Borno State is a stronghold for Boko Haram, their exact locations for
their camps and training areai® classified in nature and misunderstood as well as their
capabilities and strategies. Also, while the Boko Haram continues on for its fifth violent year,
troops from the JTF are becoming disillusioned of the ability to successfully combat the
insurgency There are reports of soldiers deserting and fleeing combat as low morale is spreading
throughout the ranks (Nigerecurity Network 2014). There is also inadequate equipment being

supplied to the JTF to traverse the terrain as well as insufficient amonuavailable.

2.4 The Strategic Importance of Nigeria
Africa is home to some of the most heinous crimes against humanity in the world due to ethno
religious and political conflicts. This issue involving Boko Haram and the security of Nigeria,
however has dire consequences which can affect the stability throughout Africa. The U.S. State
Department (2014) describes Nigeria as unique and significant in Africa as it has the largest
population and economy on the continent. With these attributes, Nigergago$agnificant role
in the stability of the region of West Africa through their deployment of troops for peacekeeping
missions and significant supply of trade and resources (U.S. State Department 2014; Siegle
2013). For example, annual trading in Kanswaorth roughly $15 billion, but has since
dropped dramatically. Without this economic hub, prices have reached astronomical levels and
production has dramatically decreased, creating a catastrophic lack of resources for nearby
countries which are dependeam trade.

In addition to the economy, lack of security and violence, insights fear and migration to
the wider region consequently bringing more ethelggious tensions and drain on resources.
(Okpaga, Chipke, and Em012). Since 2009, hundreds of tisands of people have been

displaced with violence escalating which discourages economic investment and humanitarian
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groups from going into the region and providing aid and development (Crowley and Wilkinson
2013).

Boko Haram is also gaining internatiomaiclaim from other Islamic militant groups, to
include alQaeda in the Islamic Maghreb (AQIM). Since 2011, Boko Haram announced an
alignment with alQaeda and fighters from Benin, Chad, Mauritania, Ni§emalig and Sudan
have joined their cause. Capél#s, armament, and tactics have drastically improved with the

influx of membership from experienced militants, monetary support, and training (Siegle 2013).

2.5 Understanding Terrorism through GIS

Terrorism is an ideal subject for GIS analysis as tstohave goals that affect targets in

specific spaces (Medina and Hepner 2013). These spaces are connected through social,
economic, or infrastructural means that GIS analysis can understand as networks (Medina and
Hepner 2013). Typical targets centerpbaces of a symbolic nature, connected by these
networks, and which incite fear within the civilian population (Medina, Sielteaad Hepner
2011). Medina, Sieberak, and Hepner (2011) argue that analyzing these trends in a GIS can
lead to the predictioof future events, locate sdf@vens and recruitment centers, and identify
vulnerable populations. Other benefits of the analysis is to provide valuable information to aid in
securing future target populations as well as help to prioritize resourcgaatesito curtail

Boko Haram violence and influence.

Terrorism analysis is often limited, mainly concentrating on event data rather than
driving factors (Medina and Hepner 2013). Medina and Hepner (2013) argue that ethnic,
religious, physical landscape,daccess to resources should be incorporated in the study of
terrorism as these factors heavily influence terrorist behavior and are considered the main causes

of terrorism in Africa. Issues arise, however, when studying terrorism irpdatacountries,
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such as Nigeria. Often, data does not have the required spatial resolution to understand the
specific dynamics of terrorism and events. In this case, performing a spatiotemporal analysis
provides benefits, especially through highlighting areas that arerm@f concern due to number

of terrorist events to populati (Medina, Hepner, and Siebeke&011). By highlighting these

areas, such as administrative boundaries, recommendations can be made to collect more data in
these areas for further research into wdryorism is occurring

Spatiotemporal analysis allows a user to analyze patterns across multiple dimensions
(Guo, Liao, Morgan 2007). This is particularly useful for terrorism analysis as terrorists shift
their spatial extent over time. Targets, weapotsluand tactics also change over time as
resources, training, and recruitment increase or diminish. Analyzing these attributes in a
spatiotemporal environment will aid in discovering patterns and assessing counterterrorism
measures.

Temporal data is eagivisualized through time lines and histograms, and animated maps
are used to visualize spatial trends over time (Guo, Liao, and Morgan 2007). These techniques
employ a univariate visualization, while Guo, Liao, and Morgan (2007) desire representing event
and time data as multivariate data. To do so, they userderednatrix to show spatio
multivariate, spatiotemporal, temporalltivariate, and spatiotemposalultivariate
visualizations.

More related to the Boko Haram studyMedina, Hepner, and Siagimek 6 s wor k wi t h
their spatiotemporal analysis of Iraq (2011). The authors contend that terrorists are not random in
their behavior but respond in a cause and effect manner from their environment. By
understanding this and taking account the environmtatks may be prevented and vulnerable

populations can be pected (Medina, Hepner, Siebek€2007).
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Perlmutter (2004) explains that social, political, and economic data is useful to
understand drivers of terrorist behavior for the cause and effemtrofist events. Since data is
lacking for these drivers, a spatiotemporal analysis will be useful to understand patterns,
frequency, and intensity of attacks, the spatial extent of attacks, vulnerable populations and
targets of attacks, weapons used, actdrtypes (Medina, Hepner, Siebeke?011).The authors
utilized a GIS to display various choropleth maps accompanied with tables, matrixes, and a tiled
time series to present a clear understanding of administrative districtssuies of terrorist
behavior.

An advanceac¢ompanion to spatiotemporal analysis is survival analyssurvival
analysis, specifically Cox Regression,atack occurring marks trehangerom peace to
conflict in an area over time (Raleigh and Hegre 2009). The model thetatadca hazard
function describing the risk of change for an area to have an attack occur using supplied
variables. Raleigh and Hegre (2009) used this method to identify the importance of variables to
attacks over time to provide a risk layer of their sengpudy area. They were able to identify the
importance population and population concentrations had on terrorism as well as distances from
capitals and the significance of international borders.

The goal of this project is to utilize GIS to demonsteateapproach to understanding
terroristattacks over timeonducted by Boko Haram in a dadaor environment. Nigeria and
many African countries have poor data quality and many data gaps. This should not deter
analysts or academics from study, but insteagire them to devise ways to mitigate unknowns
in datasets. Insecurity and instability in Africa has led to a breeding ground for terrorism,
therefore, we must find a way to curb radicalization and protect vulnerable populations and states

(U.S. State Degrtment 2012). This analysis will identify these areas and relationships most
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vulnerable to terrorism to better understand targets and strategies of Boko Haram. The
consequences of this study produces graphics and methodologies for identifying popasations
locations at risk to further attack in the hopes that planning for humanitarian missions and

counterterrorism efforts can be effective and efficient.

2.6 Estimating Population at Risk

There are two main reasons why estimating population at risk igtiampol) estimating

population at risk aids disaster response teams to effectively supply those in need with resources
and 2) population is a usual factor associated with attracting terrorist activity (Willis et al. 2005;
Garb et al. 200/Raleigh and Heag 2009. This section discusses both motives in addition to

discussing defining the spatial extent of terrorism effects on population.

2.6.1 Population at Risk for Disaster Response

A significant challenge in preparing for crises is determining theitotand the amount of

population at risk to terrorist events. To properly aid those in need, an organization first must
prepare for the estimated amount of people at risk to future attacks and then execute the response
to those that are actually affectégiafb et al. 2007). The issue arises when population counts are
aggregated to largeeggraphic units such as statesounties. With data attributed to these

scales, disaster preparation and response cannot properly define a specific enough area for
estimating affected population. Instead, using applicable geographic units such as the area
affected by terrorism or water drainage basins for flood disasters are much more useful and

accurate to describe population affected by the crisis (Garb et al. 2007).
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2.6.2 Population as Indicators of Risk for Terrorism

In terrorism studies, population is often used as an exploratory factor to understand motivation

for terrorist attacks to a certain area (Willis et al. 2005). This exploration is typically used in
simplistic models for initial terrorism studies or for areas with poor data quality. Willis et al.

(2005) argue that there are correlations between population and terrorism, but that there is a clear
difference betweepopulation, population density, or poputaticoncentration (Raleigh and

Hegre 2009).

Using simple indicators of terrorism risk is useful and most of the time necessary in areas
with poor data. While using simple indicators of terrorism risk to describe an area is severely
limited, there is veryittle consensus or validated methods for creating a simple risk estimator
using multiple indicators (Willis et al. 2005). For example, other factors which could be
considered indicators for terrorism for Boko Haram would include areas where a large amount
Christians reside or areas with many government buildi@dgsi¢ha 202). By incorporating
these other factors, the result of estimating the area at risk would be more accurate.

Population as a single indicator is not without its uses, howExpforingcorrelation
coefficients or regression analyses are two simple methods wdmcéxplore the statistical
significance of the relationships between population and historical terrorism events (Medina,
Siebeneck, and Hepner 2011; ZamM@#ngion et al. 2013Exploring these methods depict
how well population, population density, mopulation concentratiorexplains Boko Haram
terrorist attacks. If the relationships are positive, this indicates that the population metric is a

good indicator for terrorism risk
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2.6.3 Defining the Spatial Extent of Terrorism Effect

Spatially defining the area of extent for terrorism is incredibly difficult and lacking in
study. Most studies involve aggregating population to large cities or counties and display their
results in &bles or graphs (Willis et al. 2005; Zamitlangion et al. 2013). In addition, research
for disasters such as chemical attacks or flooding is much more common in estimating
population at risk as the events have definable areal consequences. Chemicalfattack
example have a particular range of effectiveness depending on the element used (Garb et al.
2007).

More sophisticated models with better data incorporate such factors as weapons used,
historical targets, landmarks, and loss frequency estimatdso§Z®005). Such factors would be
more useful in a specific city analysis of risk and is much more difficult to accurately use in
areas such as Nigeria with poor data quality and the rural nature of the north. More useful factors
in the case of Nigeria wodllbe targets of ethaeligious and political naturetata which does
not exist in a complete enough capacity at alsSgh administrative level as opesource

information (Forest 2012Adibe 2013).

2.7 Challenges within Data poor environmentsand Uncertainty in Variables

Uncertainties in estimation produce numerous discussions of how to properly model
terrorism events (Willis et al. 2005). Uncertainties in analysis not only arise through data quality,
but through estimating values of factors associatedteitbrism analysis. Such factors which
are important to a terrorism analysis include the goals, motives, and capabilities of terrorists.
Representing these factors spatially, however, can be difficult as often these factors are not as
clear and concise @greed upon from the experts. For example, if a group had the goal to

destroy every Christian Church in New York using VBIEDSs, this would be an easier risk study to
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formulate with clear goals and capabilities. Groups like Boko Haram, however, haveanultipl
goals and capabilities which change weight constantly and thrive on opportunistic targets as well
as strategic targets (Adibe 201B).addition, providing values towards factors and weights are
often subjective and based on historical accounts andteaghece when available (Willis et al.

2005). This also means that no one model can fit each terrorist group, but an individual analysis

must be conducted to best represent the group
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CHAPTER 3: METHODOLOGY
This chapter examines the study area of Borno State, Nigeria, Boko Haram terrorism data, and
provides a methodology for achieving the research objective of spatially analyzing and

estimating the population at risk to terrorist attacks over time.

3.1 Methodology Framework
The following sections outlined dyigure3 describe the criteria and methods used to analyze
data to answer the following questions:
a) What are the spatial and temporal trends to Boko Haram attacks?
b) What variablehave a statistically significant correlation with Boko Haram attacks?
¢) What areas are at risk to Boko Haram attacks?

d) Approximately how many people are at risk to Boko Haram attacks?

» Identify Research Objectives

» Coordinate Hypotheses

3 Exploratory > Visualize
+ Identify Methods: Areas at Risk
Study Area . ; i
Identify and Dasymetric
+ Define > Prepare Mappmg > Coxl ||
Spatial . » Spatiotemporal Regression
pa Variables Analvsi
Unit of ys1s _
Analysis * Explore Test Risk
Variables > Terrain
Validity

Estimate Population at Risk [«

Figure 3: High Level Methodology Framework
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As mentioned abovesigure3 depicts a higHevel workflow to answer these proposed
guestions. Section 3.2 provides an overview of the study area and defines the spatial unit of
analysis. All data was downloaded and prepared fomu8ecGIS as outlined in Section 3.3.
Exploratory methods outlined in section 3.4 further prepare the variables for use in SPSS and
disaggregate variables to a high spatial resolute cell.

Dasymetric mapping is used to disaggregate population variabfastie LGAs to the
smaller unit of anal y®i saDbdAsb adwees,c rti lbee dmd inn qabej
thesis is to spatially identify populations at risk to Boko Haram attacks; therefore, providing a
more precise areal unit depicting popuwatnumbers are necessary.

Section 3.5 describes the Cox Regression methodology which implements a proportional
hazards model to assess the relative risk of Boko Haram attacks to areas through independent
variables, otherwise known as covariates. This medslused as the dependent variable, Boko
Haram attacks, have a specific time stamp which can be used to analyze time between events in
relation to the covariates. This model not answers the questions pertaining to which areas are at
risk, but ascertains wich covariates are attractors or detractors of attacks and how strongly they
are correlated. The validity of this analysis is then tested by year to investigate how well the
model performed and to identify spatial and temporal trends.

Estimating populatin at risk is described in Section 3.6 where risk classes are defined
and counts are provided to understand how many people are at risk to Boko Haram attacks.
These numbers and risk classes are useful for many purposes but most importantly, is the first

step to understanding the IDP and refugee crisis in Nigeria.
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3.1.1 Research Hypotheses and Variable Summary
The following hypotheses were developed from previous research literature and Boko Haram
historical patterns to answer the research objectives. Tiyps¢heses are tested through the Cox
Regression model with the goal to identify locations that are at risk to Boko Haram attacks as
well as identify the correlating variables and their impact on the attacks over time. The
hypotheses are as follows:
The risk of terrorism events occurring at a location:

1) Increases with the size of population in the geographical neighborhood

2) Is higher near international border areas

3) Increases near major routes

4) Increases near major cities

5) Increassnear Boko Haram headquartecétions

6) Increases near prior attack locations

The variables constructed to test these hypotheses are summaiiabteih These

variables are identified to provide a fundamental analysis of statistical correlations with Boko
Haram attacks. As this analysis is taking place in a-data environment, the variables
expressed are used to identify more prominent factors which could attract or detract Boko Haram
activity. For example, the Major Towns variable is used to expressoiesarhich have typical

targets of attacks such as government figures and buildings as well as schools.
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Table 1: Independent Variable Summary

Variable

Explanation

Population

Populaton in Neighboring Cells 1st, 2nd,
3rd Order

Distance from Capital

Distance from Rebel Group Headquarte

Distance from Major Town

Roads

International Borders

Distance to Prior Attack

Number of population disaggregated by cell

Testing the statistical significance of population
concentration in%, 29 and 3' order

Importance of capital: 1)BH founded here, 2) Most attack
3) Most population, 4) Most targets

The two most significant headquarters in Borno State wh
training, resources, and camps are located

Include top targets (government, police, large populated
areas, moderate ideals, schoplaces of worship). Used to
express concentration of targets are

Provides access to localities, used often to move across {
rough terrain of the state. Expressed by type

Used to bypass opposing forces that do not have ictiisol
to cross border. Access to other cities and resources

Attacks are coded by distance to an attack that occurred
within a week of one another

3.2 Study Area and Unit of Analysis

The study area for this thesis encompasseadstate in northeastern Nigerizoko Haram not

only began their terror campaign within this state, but the majority of terrorist events from July 1,

2009 to June 30, 2014 occur here as vigdkrno State has astimategopulation 0f5.4 million

(adjustd for 2014)andlike many states in the northeast of Nigeisasparse with nucleated

hamlets andural with occupations predominately agricultural in nature

Twenty-seven local government areas (LGAS) administratively divide Borno State. The
capital, Maiduguri, lies roughly in the center of the state and has the highest population estimated

over 500,000. The northern LGAs have a lower population due to the harsh climate conditions

and lack of infrastructure. Although freedom of religion is proclaimtedtt st at es 6

dictated by Sharia Law and the residents are primarily Muslim.
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Administrative boundaries were downloaded from the Global Administrative Database at
www.gadm.org This dataset provided country, state, and LG@éministrative levis zero, one,
and two respectively. The mapHhingure4 displays an overview of the study area of Borno State
within Nigeria and the statesdé 27 LGA admini s
Official population data is aggregated tothe LGAleweld ext racted fr om N
census which was last conducted in 2006. Borno State was estimated to have an annual growth

rate of 3.4 percent which was applied to the 2006 population numbers equally across the LGAs.

NIGER

ﬁ State Capital 5 B : ’ b- Lake Chadd
= Study Area: Borno State &

——— Admin 0 - Country Boundary

= Admin 1 - State Boundary

—— Admin 2 - LGA Boundary

Yobe State

Borno

NIGERTAD

W

Figure 4: Map representing LGA administrative divisions of Borno State in Nigeria
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Using the LGAs as the unit of analysis provides very low resolution analysis and issues

with the Modifiable Areal Unit Problem (MAUP). MAUP is an issue that arises from using

artificial units such as administrative divisions. By creating areas, even at a similarly spatial

scale, misrepresentation of data is possible through the ability to group data by different units or

scale. The official census aggregates the population data to thedi@Aistrative level as

depicted inTable2. Areal variances in LGATable3) impact analysis on terrorism point data

and population counts through the dividing of data to these unitsaBydithese boundaries, it

may highlight one area more without actual significance.

Table 2: LGA Area, Population and Density Estimates

LGA (irrﬁ% Pop2014 Depr‘]’spity LGA (ffrﬁ";‘) Pop2014 Depr?spity
Abadam 2,422 130,751 53.98| |Kala/Balge 1236 79,490  64.31
Askira/Uba 2,191 187,262  85.47| | Konduga 5,868 205567  35.03
Bama 4,466 352,955 79.03 Kukawa 2,078 265,701 127.86
Bayo 1,064 103,328  97.11| |KwayaKusar 734 74,093 100.94
Biu 3,319 229,659  69.20| |Mafa 2,022 135371  46.33
Chibok 1,394 86,675  62.18| | Magumeri 5118 183,269  35.81
Damboa 6,464 304,714  47.14| | Maiduguri 131 705,620 5,386.41
Dikwa 1,783 137,255  76.98| | Marte 2,274 169,094  74.36
Gubio 2,496 197,680  79.20| | Mobbar 3,235 152,400  47.11
Guzamala 2,304 125428  54.44| | Monguno 1,509 143,516  95.11
Gwoza 2,422 361,382 149.21| |Ngala 1,323 309,024 233.58
Hawul 2,073 157,758  76.10| | Nganzai 2,493 129,457  51.93
Jere 871 273,233 313.70| | Shani 1,195 131,959 110.43
Kaga 2,765 117,595  42.53| | TOTAL 66,150 5450236  82.39

Table 3: LGA Area, Population, and Density: Mean, Max, and Min

Arezzi Population Popula_tion

(km?) Density
Mean 2,593 201,861 285.02
Max 6,464 705,620 5,386.41
Min 131 74,093 35.03
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To provide a higher resolution styithan large LGA boundarigghe unit of analysiis
di saggr egat elrebrooutaalled tetsy Botne Staye dvhich is defined by the
average distance from one populated pladg/town) point to another which is rounded to 3km.
These cel represent more populated towns and their nearby hamlets which depend on the towns

resources.

3.3 Data Sources and Variables

The data sources below are used to create the variables used for the Cox Regression as
summarized in section 3.1.There ardive main datasets used to devetbpvariables for the
study. The datasets discussed include: Armed Conflict Data (ACLED), population, road,

populated placesnd borders

3.3.1 Data Prep with ArcGIS

ArcCatalogwasused to organize and piaedata for thisstudy. Data was projected to WGS

1984 UTM zone 33NSRID 32633) andmported into a single file geodatabase. Two feature
datasets were created to house data for Nigeria and the extracted study area dataset of Borno
State.

ACLED data was downloaded inbie form and for the entirety of Africa. An expression
was created to select data for Nigeria which involved Boko Haram between July 1, 2009 and
June 30, 2014. In addition, extracted incidents were included if Boko Haram was mentioned in
fields ACTOR1, ACODR2, ALLY _ACTOR1, OR ALLY_ACTORZ2. The table was converted
into a feature class using the latitude and longitude fields that were included in the dataset.

Popul ation data was manually extracted fro

table, the poplation data was joined with the LGA feature class to calculate and visualize
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population numbers across each LGA. The annual growth rate of 3.4 percent was applied to the
population numbers for a current representation of population.

A grid was createdbtrepresent 3 km cells over the extent of Borno State. These cells are
used to distributed population numbers from L
and are from here on out notated as cells.

A cost distance raster was created combirtiregctasses of roads, Landcover, and
Elevation data. This cost raster was used to calculated variables using distance as a factor. These
variables include: Distance to Major City, Niger Border, Cameroon Border, Lake Chad, Capital,

and Boko Haram Headquarser

3.3.2 Dependent Variable Boko Haram Attacks

Boko Haram attack data goeovided by the Armed Conflict Location and Event Data Project
(ACLED). This database houses over 80,000 individual events from 1997 in Africa. The project
collects reatime datajs updated monthly, and has been considered the most comprehensive
datasethat is publically available.

ACLED data is collected through three means: 1) information from local, regional,
national, and continental media; 2) Ngavernment organization (NG@eports;and3) News
reports which are focused on Africaments to add extra informatiofppendix Aprovides the
type of attributes and descriptions associated with this particular dataset

Each event has coordinates to identify their locatiotiareavailable throug an excel
spreadsheet. The Nigerian dataset and time frame of July 1j 200@ 30, 2014 was extracted
from the original spreadsheet using Microsoft Excel @ni/erted to shapefile formtitrough

ArcCatalog Boko Haram events were th&mther extracted through a query on fields ACTOR1,
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ACTOR2, ALLY_ACTOR, and ALLY_ACT1. If Boko Haram was mentioned in any of these
fields, they were deemed a viable point for the study.

For the 5 year period, there were 1025 events in Nigeria involvikg Baram. Borno
State had 58.6 percent of all Boko Haram events, therefore it was chosen as the state for study.
ACLED data was then further extracted using ArcGIS to include only Borno State events, of
which there were 601.

All eventshave afield GEO_PHECISIONIndicating their spatial accurac®f the 601
events, 492 have a geo precision of 1 indicating coordinates for the town. 95 events took place
near a town, in a small region and were classified as a 2. Due to the rural nature of the study area,
thes events were kept for the study. 14 points were classified as a 3 which indicated a provincial
capital. These were evaluated as having too large a spatial resolution and were deleted from the
database. The total event points totaled 587.

The event poirg were aggregated to the unit of analysis which is the 3 x 3km cell defined
as a localityThe mapn Figure5 displays the location of all 587 ACLED event poinighin
their respective cellsvolving Boko Haram from July 1, 20Qo June 30, 2014.

In addition tolocation and geoprecision, the events have a day time stamp. With a high
geoprecision and time precision, patterns across time and space are available for study to predict
possible areas at risk in the future. A Cox Regiron Survival Analysis will be used for this
purpose.

To prepare the dataset for uséhie Cox Regression model, each of the 587 attacks in a
cell at their given date equals a dependent varidbleMor anés | test for spat
conductedvhich shows that this variable is clusteredlicating a less than 5 percent chance the

data is a result of random chance (See AppeBiliXo handle the dependence between attacks,
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the model uses the precise date and geographic location to concemtieeelationships
between the preceding attacks in the same and nearby cells. This @istalace from Prior

Attack)is further explained in the independent variables section.

NIGEHR

- Study Area: Borno State G ' Loy
Admin 0 - Country Boundary Vo 2 s
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Figure 5: Boko Haram Attacks from July 1, 20091 June 30, 2014
3.3.3 Independent Variableis Sources and Preparation
Thesevariables include data that is hypothesized to correlate with Boko Haram attacks. The
exploration of the data below descri bcally t he v

significant variableso be used in a risk analysis.
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3.3.3.1 Population Data

The main objective of this thesis is to spatially identify populations at risk from Boko Haram

terrorism. Population data was extracted from the National Population Csiomid Nigeria

wh i

ch provides data from Nigeriads

aggregated to the LGA.
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Figure6 displays the population density per LGA. As seen in these figures, the LGAs
vary in size, are large, and do not do a sufficient job in visualizing the dispersion of population
throughout the LGA. To provide an effective analysis of populatioiskato terrorism events, a
dasymetric model (section 3.4.1) will disperse the population numbers to the spatially similar
unit of analysis (locality) throughout the LGAs instead of assuming a homogenous distribution
across an LGA.

The population per GA was downloaded in PDF format and entered into an excel
spreadsheet. The LGA names were then used to join both the shapefile of LGA boundaries and
the table containing population numbers. In addition, the annual growth rate of Borno State is
estimated aB.4 percent and used to provide a more current estimation of poputatagh
Equationl. To calculate the growth rate, the population from year 2006 is multiplied by the
growth rate(i) of 3.4 percentwith n describing thewumber of periods, in this case years, to find

the population for year 2014.

Popruture = POPpresent * (1 + D"

3.3.3.2 Populated Places

The populated places dataset is obtained from the National Gecépalfisdence Agency

(NGA) GEOnet Names Server (GNS). This dataset is updated yeeatkiprovides an official
repository of placewith standard and variant spellings. Location, quality, administrative level,
and type of place are types of attributes that are included within this dataset. The Feature
Designation Code (DSG) attribute dgsates the type of feature. For thisdstuall DSG

attributes coded as populated plad@Bl) were extracted to create a populated places shapefile

to express where people reside.
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3.3.3.3 Road Data

Road datas extracted from th¥ector Map (VMap level 0 and include primary and secondary
roads.This dataset is best at a 1:1,000,000 scale therefore Open Street Map and Google Earth
Imagerywere used to update and digitize routes for a more robust and spatially accurate variable.
VMap was used as the prinyaioad dataset as it was more representative of major routes Borno
State Road Data is important to use within this studyt &&lps to identify possible populated
areasBorno State is very rural and tiny hamlets are regularly dispersed off of roanlailnd

The populated places dataset is robust, although many of the smaller hamlets and towns are not
accounted for. To help in the dasymetric process of distributing population throughout an LGA,

roadsareused to account fahe unidentified populatedgres

3.3.3.4 International Borders

International borders are extracted from the GADM dataset which represents administrative
borders. Borno State borders Niger to the north, Chad to the northeast, and Cameroon to the east
and south east. These borders explored as possible key variables as they are porous and

provide Boko Haram some coverage from opposing forces on either side of the border.

3.3.4 Strengths, Assumptions and Limitations

All data collected for this study are acquired from differing sesiand have different spatial
accuracies and confidence levels. Population data is expressed through the administrative level
LGA and is adjusted from the official census of 2006 to reflect a 3.4 percent growth rate. Not
only is this census eight yearslpbut the census process was mired in controversy and
inaccuracies. Insecurity within Nigeria and arguments of whether or not to include ethnic and
religious questions motivated traditional and political leaders to dissuade their constituents to

partake m the census. In the end, the sensitive questions were not included in the census process
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but it is believed that much of the numbers were inflated for political reasons. Additionally,
methods are unknown to determine the 3.4 percent growth rate for B@teo

IDPs, refugees, and nomadic groups are also not represented within the official
population count and may present inaccuracies for estimating vulnerable populations. Despite the
controversy and the estimated numbers, population for the LGA widered as sufficient for
the study of estimating population distribution.

The populated places feature class includes 2,432 locations and is current as of
September 3, 2014. These points represent the majority large towns throughout Borno State.
Althoughthis is a robust dataset, it does not include many of the smaller populated areas
throughout rural regions. Populated Places was used to weight major towns in the area for a
dasymetric population map. Roads were also used to weight population as pecglieng
these routes. Although both road and populated places datasets are incomplete, together they are
assumed to be sufficient and a complete representation of population and distribution for this
study.

ACLED data is updated monthly and is deemedresof the most comprehensive,
publically available datasets. As ACLED data is derived from various methods of reporting
firsthand accounts, challenges arise through recording the details and locations of events. Many
times, events are reported near aknaown or landmark rather than a specific hamlet, or
locations are recorded incorrectly. Some discrepancies were found within the dataset where some
points were gedocated within a different LGA than reported. In this case, the point was cross
referencedvith the populated places database to resolve discrepancies.

Events from the ACLED database are also subject tcexaggeration of deaths or

injuries during the event as it is difficult to verify. In addition, some attacks may not be
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represented. Imte ACLED dataset, many of the actors ar
be Boko Haram events, but there is currently not enough information to identify it as such. These
ounknownd actors were not i ncl udeéscepregentBokon t he

Haram patterns.

3.4 Exploratory Methods
The following sections describe the criteria and methods used to analyze the data to answer the
following questions:

a) What are the spatial and temporal trends to Boko Haram attacks?

b) What variables hee a statistically significant correlation with Boko Haram attacks?

¢) What areas are at risk to Boko Haram attacks?

d) Approximately how many people are at risk to Boko Haram attacks?
A spatiotemporal analysis is conducted to visualize trends within the dathsetpatiotemporal
analysis at the aggregated level helps to validate trends depicted at the theorized locality spatial
level. Section 3.4.2 outlines methods used to conduct a dasymetric model for disaggregating
population data to each cell. Last, valesbare explored and prepped for the Cox Regression to

visually validate the constructed hypotheses as outlined in section 3.1.1.

3.4.1Identifying Boko Haram Attack Patterns over Space and Time

Since the beginning of BoKk,attackathen iménsity haveol ent ¢
increased as depicted Bigure7. Five years laterttacks are more frequent and more deadly
motivating Nigeria and the international community to declare a state of emergehey in t

northeast of Nigerialable4 shows the amount of attacks per year in the study depicting the raw

increase of attacks by year with the mean number of attacks per LGA also increasing.
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Over the study period, Boko Haram has @aged their capabilities through training and
funding from other terrorist organizations. Attack intensity is used to show this increased
capability and calculated by summing the amount of fatalities, injuries, and hostages and
dividing by the total numbesf attacks. Injuries and hostages are equally summed with fatalities

as they are explained as possible fatalities. This increase is also sHegurev.
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Figure 7: Attack and Attack Intensity Average perQuarter from July 20091 June 2014

Table 4: Attacks by Year

Mean # of Attacks b
Date # of Attacks LGA y
July 097 Jure 10 10 0.37
July 107 Jure 11 74 1.79
July 117 Jure 12 99 3.88
July 127 Jure 13 193 5.16
July 137 June 14 211 15.3
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As the Boko Haram insurgency gained momentum, attacks have spread from the capital
of Maiduguri to other areas within the state as expressé&thbye 8. Figure8is a
spatiotemporal degiion of attacks per LGA over a one year peribge number of attacks per
LGA are expressed by Quartiles which contain an equal number of featupsapgle This
method was used tmmpareand highlight areas which had the highest (top 25 percemi)@m
of attacks occuby yearto identify trends.

The spatiotemporal trend shifts from the capital outwards with a higher amount of attacks
in the southern region of the staf@gure9 supplements the spatiotempbfigure by expressing
the spatial shift of the mean center of events by year. It is likely more attacks are occurring the
south of Borno State where there is more infrastructure and resources and provide acoess to oth

states as well as Cameroon.
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Figure 8: Spatiotemporal depiction of Boko Haram attacks by year July 2009 June 2014
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