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Abstract

Boundary mapping is the delineation of the teri@ofimits of a state, country as a sovereign statd its
political division and administrative framework wrda constitution. The likely consequences of bamynd
uncertainty, errors and omissions and distortiotluie: disputes, conflicts and anarchy which anéoss
brewers of security breakdown if not effectivelymaged. In recent years, the Office of the Surv&eneral of
the Federation (OSGoF) and National Boundary Comsionis(NBC) have been involved in the redefinitiorda
management tasks of International and National Baries of Nigeria. Some States of the Federatiore ha
attempted the demarcations of their local goverriraega boundaries in order to provide the geoddatids on

the ground, but often led to skirmishes over disguioundaries; whose adjudications are sometintgective.
This problem exists because there is no definimdgmbase strategy for all boundaries’ relatedrimétion,
thereby rendering the physical extent of the cquiatnd states an amorphous status to be maneuvgred b
political leaders. This underscores the importasfdeoundary infrastructure as a key national ségueigulatory
tool. This paper attempts an examination of boundaepping and the requisite geodatabase strategy fo
creating and managing National Security Informat®ystem (NSIS) for Nigeria. Key geodatabase fieldd
records elements were identified andample geodatabase structure for managing bounmdbated security
issues in Nigeria was developed using ArcGIS/Amreipfatform. A total of 111 International boundanjigrs
distributed among the 20 states in Nigeria thaehaternational borders were proposed. The studymenends
the used of sub-meter resolution satellite imageggrated with the existing NigNet CORS for cregtan up-
dated boundary, administrative and security baggsnand information systems for Nigeria.

Keywords. Geodesy, Boundary Mapping, Geodatabase StrategigridhSecurity Information System

1.0 Introduction

Boundary mapping is the delineation delimitation maper of the territorial limits of a state, coynais a
sovereign state and its political division and austrative framework under a constitution. Karl andrter,
(2006) described boundary mapping as defining tbenflary of something in the field (e.g., a patch or
population of some species). The main advantag@mondary mapping is that it provides direct infotima on
the spatial distribution and related changes ofptiiteh over time (Karl and Porter, 2006; Pokorriteal ,€2006).

The likely consequences of boundary uncertaintgrerand omissions and distortion include: disputesflicts
and anarchy which are serious brewers of defendesanurity breakdown if not effectively and susthiy
managed. For instance, in 1954, Nigeria was dividéal three regions (The Northern, Western and éast
Regions) by legal notice No. 126 of 1954 and thscdption of the boundaries of all three regions was
gazetted (Cukwurah, 2008), but no physical beadtim spatial coordinates were put on the groundeting the
extent of each region.

Before the advent of GPS technology, boundariese wesually estimated on a topographic map or aerial
photograph. A common approach now is to use a GP&daord the vertices of a polygon defining the
patch/population. In some cases, patches can limedefrom aerial photographs (Karl, (n.d)). Taklgives
summary of structural and administrative boundayedbpment of Nigeria between 1954 and 1996.
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Tablel: Structural and Administrative Boundary Depenent of Nigeria (1954-1996)

S/No. Structure of the Regions/SateBate of | Remarks
in Nigeria Creation
1 3 Regions (Northern, Westefn 954 Description gazetted, but no physical
and Eastern) delineation on the ground
12 States 1967 No physical delineation on thermpto
19 States + Abuja 1976 No Physical Beacon with atiap
coordinates, except Abuja (FCT)
4 21 States + Abuja 1989 No Physical Beacon with atiap
coordinates, except Abuja (FCT)
5 30 States + Abuja 1991 No Physical Beacon with atiap
coordinates, except Abuja (FCT)
6 36 States + Abuja 1996 No Physical Beacon with spatial
(774 LGAS) coordinates, except Abuja (FCT)

At the moment most states of the federation, with éxception of the Federal Capita Territory (FG@aye no
clearly defined boundaries with concrete beacorigofvn spatial or positional coordinates known andepted
by the contigual states. Some of the states haeenpted the demarcations of their local governnaet
boundaries in order to provide the geospatial §naib the ground, but often led to skirmishes ovsputed
boundaries; whose adjudications are sometimes&iugeA major benefit of geo-spatial database for bouydar
security and national development is that it enteaneffective and sustainable decision support sy#tethe
physical and socio-economic development of a natitim minimal boundary disputes

In addressing the regional development policy ofexia, the % National Development Plan of 1975-1980
expressed the main weakness of Nigeria’s plannifagteo be its heavy emphasis on sectoral andnfired
planning with a total neglect of the physical, whibas resulted in in-ordinate spatial and enviramaie
development and paucity of relevant data for sleni making purpose (NDP 1975-80). In many coustdé
the third World and particularly in Nigeria, theiealways an immediate action on all developmeanhmping
issues demanding immediate and impossible solugeaa where adequate and background informationatre
available (Agabi, 2008). Above all, in Nigeria whgrhysical infrastructure such as boundary piltard data are
available they are usually not secured and maiathin

Figure 1: A Typical Inter—Statethu’ndary Beacorll&Pj between Kwara and Osun States, Nigeria
The major causes of insecurity of boundary pilidig.1), where available in Nigeria include lacks#nse of
belonging, participatory ownership and managemgnh#ligenes within the vicinity of the infrastrucéu Ojigi,
(2006) suggested the use of Public-Private Patie@PP) practice as a new world order for suatde
development, to help reverse the inherent negaiititide of Nigerians in the use and sustenanocgeofietic
infrastructure.
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1.1 Problem Statement

Data is the representation of facts and the tadlnding, creating, assembling and integrating egliable sets
of data may be cumbersome. Therefore, the geobplatia required for studying and managing our cemxpl
environment and other dynamics in and around ita@sking and cumbersome to generate and managgicBra
and experience have shown that geo-database devembfor geo-spatial analyses consumes about 8(®a%0
of the time and resources available for the impletat@on of any geospatial mapping and informatigstesm
project. In view of the foregoing, it is importatat initiate and identify the right dimensions ditd field and
records required for effective boundary mapping emasghagement in a country like Nigeria.

The likely consequences of boundary uncertaintgrerand omissions and distortion include: disputesflicts
and anarchy which are serious brewers of securiggkuown if not effectively and sustainably managed
recent years, the Office of the Surveyor GenerghefFederation (OSGoF) and National Boundary Ccssion
(NBC) have been involved in the redefinition andnagement tasks of International and National botieslaf
Nigeria. Individual states attempting to demarc¢htgr boundaries and those of local governmentsairearder
to provide geospatial limits on the ground will teémly result in skirmishes between communitiesnfro
neighboring states or local government areas. éw\wf the foregoing, it is important to examine bdary
mapping and the requisite geodatabase strategydating and managing National Security Informatystem
(NSIS) for Nigeria.

1.2 Aim and Objectives

The aim of the study is to examine the structurébadfindary mapping in Nigeria and develop geodatbas
strategy for National Security Information Systdds(S). The objectives are to:

1. Examines the structure of boundary mapping in N&gand its contribution to national security

2. ldentify the key geo-data fields and records eldmdor sustainable geodatabase structure for
managing boundary related security issues in Naeri

3. Develop and propose a geodatabase strategy foboalhdaries’ related information and general
National Security Information System (NSIS) ford@in orderto minimize the amorphous status and
political maneuvering of the physical extent of @auntry, States and LGAs.

1.3 Scope and Limitation of Study

The study is limited to Nigeria, with emphasis oernational boundaries between Nigeria and neigho
countries. A control network around the countryersvisaged with location address and states in whicth
international boundaries lie. The study assumestiigasame database strategy for internationatdoeiistepped
down to interstate and inter-local government bawied respectively; hence the later is not covenethis
study. Also the field completion exercise and fieddidation of the proposed boundary pillars witteam made
up of the National Boundary Commission (NBC), OSG8Erveyors-General of States and the represeagativ
of government or local communities along the boatea in tracing the boundaries on the ground aisde the
scope of the study.

1.4 The Study Area (Nigeria)

Nigeria is made up 36 states and the Federal Capéaitory (FCT), and located approximately betwee
latitudes 4N and 14N, and longitudesE and 18E (Fig.2). It lies wholly within the tropics alonbe Gulf of
Guinea, on the west coast of Africa. It is boundedthe west by the Republic of Benin, on the ndayhthe
Republic of Niger and on the east by the RepulfliCameroon and on the south by the Atlantic Oc&ae. size
of Nigeria is about 923,768.64 sq.km and occupiEsual1l4% of West Africa, but supports more than 6%
the population of the region. Nigeria, one of thegést countries in Africa, has 36 states and 7GAd and
Abuja as the Federal Capital city (NCRS, 2011).

Nigeria is the most populous black nation in therldionith a population of over 140 million (National
Population Commission, 2006), and can be dividéal fiour distinct geographical regions. Along thesibis a
belt of mangrove forests and swamps, stretchinges@f km inland in most places. This region is cyt b
numerous lagoons and creeks. In the Niger delt@mmethe coastal belt extends some 100 km inlareyoBd
the coast, lowlands follow the valleys of the Niged Benue, but otherwise the land gives way tmad hilly,
forested belt that gradually rises to the rockyatier of the Jos and Bauchi Plateaux. Beyond thésedix is a
region of savannah, which stretches to the sengrti&ahelian zone in the extreme north. A greahptaarked
by occasional outcroppings of granite, the savameglon is Nigeria’s main agricultural area. In #est is the
Adamawa Plateau, which borders Cameroon and inhwisi®imlang, the Nigeria's highest point standaig
about 2,042 m above the mean sea level (Micro20@5; Ojigi, 2006).

Nigeria has two distinct climatic zones; the eqtiatanaritime air mass along the coast and theadny dusty
tropical continental air mass in the North. Iror-cieposits are widespread in the savannah regibiigefia, as
are salt deposits. Tin and columbite are foundhéndlateau area. Great deposits of petroleum atudahgas are
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located in the Niger delta and offshore in the tgif Benin and Bonny of the Gulf of Guinea. Nigeailso has
large deposits of coal, lead, and zinc, and snegdbdits of gold and uranium.

Migeria International
Boundary

Enugu State Boundary

Figure 2: The International and Inter-State Outbh@&ligeria

20MATERIALSAND METHODS
2.1 Dataset and Boundary Geodatabase Development

The dataset used include, global earth elevatiodem@GEEM) and administrative and settlement mafps o
Nigeria. The international boundary vector file wasated and the proposed points of interest fambary
pillars were selected and point data created ysiominent nodes along the boundary line. The Spattidbutes

of importance include theames of the proposed control pillafeld identifier, the curvilinear coordinatesg(

4, h) of the controlandthe states of the federation in whose border witteocountries in Africa the pillars
situate etc. The elevation component (h) of the curvdineoordinates is contained in the visualized matio
elevation model.

During point creation exercise, the map was maddaege as 1:10,000 in order to accurately pick the
Geographic Coordinates on WGS84 Ellipsoid to therest 3decimal place of second of arc. Note thatfihal
choice of these proposed pillar positions prioldfieompletion exercise must be subjected to a cehgsive
field validation with a team made up of the NatioBaundary Commission (NBC), OSGoF, Surveyors-Geher
of States and the representatives of governmelaical communities along the border area in theirigaof the
boundary on the ground. The existing boundary mgillaround the country are to be added to the gicate
geodatabase for easy coordination and NSIS’s imghtation.

The study generated geodatabase using ArcGIS @Boph for only Nigeria's international boundaries.
Nigeria’s international boundaries are boundaited pertain to its land and maritime borders wighghboring
countries. In the event of fieldwork or field dajathering, OSGoF is to provide the team leader@bipgi,
2008). On the other hand, interstate boundariesherénternal boundaries within the country meantreate
convenient administrative structure for governaaceé resource allocation and distribution.

The proposed border control pillars were selectadl @lotted within the data frame of the NigNet CORS
effective coordination during field implementatiofhe existing 11 NigNet CORS co-plotted within coomm
data frame of the proposed International boundaltgre include Abuja (OSGoF), Port Harcourt (RUST),
Gembu (HATC), Lagos (UNILAG), Kebbi (WUFP), ZaridABU), Yola (FUTY), Enugu (UNEC), Calabar
(UNICAL), Toro (CGG) and Maiduguri (RAMPOLY). The @RS have now assumed status of Primary
Triangulation Pillars for national and Internatibbaundary management.

2.2 Boundary M apping and Geodatabase M atrix

The geodatabase matrix for boundary mapping ané&Nsinclude the following among others:
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1. The beacon positions of International, State ané bBundaries;

2. Border villages and towns;

w

Land marks such as rivers, footpaths, immigratiod austom posts, fishing terminals, vegetations
types, land use;

The size of the area under dispute (if any);

Incursions made by neighboring countries and states

Number of litigation and dates of application digiations;

Frequency of surveillance using high resolutiorltité remote sensing;

Number of boundary crises/IVA and dates;

© © N o g &

Available local/national security operatives ;

10. Methods of border mapping: GNSS/CORS, classicaldgio surveys, photogrammetric means,
Laser/LIiDAR, etc

11. Record of arbitration and Court Judgments;

12. Mineral resources along border corridors

2.3 Geodatabase Design

The fields and records are to be carefully desiggederated and structured to enhance completeatpaate
development for reliable geospatial informationteys products. The complete appropriation and usthef
above fields depend largely on the availabilitytleé records (data) for the identified fields; whichreality

takes years to build or develop. However, whatasthimportant is the design (conceptual, logicatl physical)
of the desired geodatabase, which is a pre-requisita good and well structured database.

Through the use of data management tools in ArcMia@atalog, a simple personal geodatabase, which
required no extra programming, was created forstbdy. The querying, editing and creation of boupdaap

and its overlay on base global image data was readg with the data and behavior in the geodatabileut

any customization. The basic steps in building g¢alohse, as prescribed by ESRI (2008), includenaiga

the data in ArcCatalog, importing data into the dpgabase, creating subtypes and attributes donameting
relationships between objects, building a geometétwork, creating annotation, creating layers floe
geodatabase data, creating a topology, and loadwerage data into the geodatabase topology.

3.0 RESULTSAND DISCUSSION

3.1 Results

Figure 3 represent the overlay of administrativé an100,000 index map sheet of Nigeria; while fegd is the
Nigerian States’ Attribute Database (field and rdsd. The attributes data for the state boundaoyshn figure
4 is made up of fields such as state name, capitdk, date of creation, major mineral resourcepufation in
1991 and 2006, population density and growth matenber of local government areas, area (sq.kmjmeéer
(km), number of adjoining states and geopoliticaie.

Tl g
2'32%;

v
P e

Figure 3: Overlay of Administrative and 1: 100,068ex Map of Nigeria
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FID | Shape* | ID| STATE | STATE CAPI | STATE CODE| CREATIOND | POP_1991.C | POP_2000 | NO_OF LGAS| AREA_SQ_KM | GEOPOLITIC

¥ 0 Palvgon 1[ovo badan oV 0 0 T o 363020974 | South-West
1 [ Polygon 2| LAGOS ke LA 0 0 0 0 373644839175 | South-West
2 [Polygon 5[ ocun Abeokuta o6 0 0 o 0| 1666836143537 | South-West
3 [ Polygon EICE] Oshagbo o8 0 0 0 0| 917344784157 | South-West
4 [Folygon 5 £ “Ado-EKtl E3 0 0 O 0| 5280916462.44 | South-West
5 [ Polygon 8| KoGI Lokoja. K& 0 0 0 0| 29044787139 1 | Norih-Central
6 [ Folygon 7[oNoo Akure. oD 0 0 0 0| 1468853082837 | South-West
7 [Polygon BES Benin-Ciy E) 0 0 0 0| 1960310458864 | South-South
8 [ Polyoon 9| DELTA Asaba oT 0 0 0 0| 1724388091335 | South-South
9 [Polygon | 10| FCT Ablja FoT 0 0 O 0| 732951386347
10 [Polygon | 11| NIGER Minna. NG 0 0 0 0| 7220089841539 | Norh-Central
11 [Polygon | 12 KEBBI Birnin Kebbi | KB, 0 0 v 0| 3574002962534 | North-West
12 [Polygon | 13| SOKOTO [ Seketo S0 0 0 o 0| 31532272909.7 | North-West
13 [Polygon | 14| ZAWFARA | Gusau A 0 0 O 0| 3561429496575 | North-West
14 [Polygon | 15 BAYELSA | Yencgoa BY 0 0 0 0| 1053344690009 | South-South
15 [Polygon | 16 | ANANBRA | Awka A 0 0 o 0| 472235548563 | South-East
16 [Polygon | 17 [0 Oweeri ] 0 0 v 0| 532877430844 | South-East
17 [Polygon | 18| RIVERS PortHarcourt | RV 0 0 0 0| 913754455287 | South-South
18 [Polygon | 15[ ENUGU Enugu BN 0 0 0 0| 786500354525 | South-East
19 [Folygon | 20 [ ABA Umuahia A8 0 0 0 0| 473357091559 | South-East
20 [Polygan | 21| AKWAIBON | Uyo A 0 0 0 0| 696399252569 | South-South
21 [Polygon | 22| EBONVI Abakall El 0 0 0 0| 622042721817 | South-East
22 [Polygan | 23| ADAMAWA | Yoia A0 0 0 O 0| 37943036094.43 | North-East
23 [Polygan | 24| BORNO Waiduguri 80 0 0 0 0| 7446257059779 | North-East
24 [Polygan | 25| YOBE Damaturu Yo 0 0 v 0| 45455077762.08 | North-East
25 [Polygon | 26| GOWBE ombe. E) 0 0 o 0 17260722935.15 | North-East
26 [Polygan | 27 | BAUCHI Bauchi BA 0 0 O 0| 48095302797.64 | North-East
27 [Polygon | 78| PLATEAU | Jos, PL 0 0 0 0| 2794788440001 | North-Central
25 [Polygon | 26| TARABA | Jalngo A 0 0 o 0| S7337486586.57 | North-East
29[ Polygan | 30| CROSS RIVER Calabar R 0 0 v 0| 2221214659904 | South-South
30 [Polygon | 31 BENUE Makurd BN 0 0 o 0| 3073169053898 | Nortn-Central
31 [Polygan | 32 | NASSARRAW| Lafa NA 0 0 0 0| 25285035421.48 | North-Central
32 [Poygon | 33| KATSNA | Katsina [ 0 0 0 0| 73517432254.74 | North-West
33 [Polygon | 34| JGAWA | Dutse ) 0 0 0 0| 23525250517.43 | North-West
34[Polygon | 35| KADUNA | Kaduna (<) 0 0 0 0| $4236206506.47 | North-West
35 [ Polygan__| 36 | KANO Kano ) 0 0 O 0| 2061982504793 | North-West
36 [Polygan | 37 | KWARA Torin [ 0 0 0 0| 3606531285595 | North-Central

Fig 4: Nigerian States’ Attribute Database (fieftlaecords)

The portion of the attribute table in figures 5 afdshow the names of the proposed control pillesd
identifier, the curvilinear coordinate$, (A, h) of the controls and the states of the fedemaith whose border

with other countries in Africa the pillars situagc.
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Figure 5: The ProposAemd]Ih'ternationaI Boundary Rill#er-state boundary and NigNet CORS overlayed o
Regional Elevation Model for Nigeria
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Figure 7: No. of Proposed Boundary Pillars in Bor8tates in Nigeria

3.2 Discussion

In this study, a total of 111 International boundpillars were proposed and basic geodatabase neaged for
them (figures 5 and 6). The pillars were distrilbudenong the 20 states in Nigeria that have intemnalt borders

in which majority of the points of interest were arc or curve nodes along the boundary line. Thsae for
choosing more points of interest from prominentveuor arc nodes than straights along Nigeria latgonal
boundary line is to preserve the shape of the ¢pwartd to avoid self ceding of own country landssalong
the border region. Figure 7 is the graphic sumnaduthe number of pillars for states along Nigerigernational
borders with Taraba and Adamawa having the highesiber of 14 each, while Jigawa has the least ef on
number of International boundary pillar.

The elastic geodatabase themes for the pillarsidiesiames of the proposed control pillafield identifier, the
curvilinear coordinatesd, A, h) of the controlsandthe states of the federation in whose border witheio
countries in Africa the pillars situateetc. The elevation component (h) of the curvdineoordinates is
contained in the visualized national elevation ntodieis important to note that the geodatabasatety
suggested in this study is a pre-condition for affe field completion exercise through compreheadield
validation with technical team made up of the NagloBoundary Commission (NBC), OSGoF, Surveyors-
General of States and the representatives of gmearhor local communities along the border argaénracing

of the boundary on the ground.

A very important feature of International boundarfrastructure is the quality of the survey andadased in its
determination. Appropriate data collection and atiting to suit or serve the purpose and scale gdaspatial
information system is very fundamental to its emtise application. Therefore, in the data matrieesl
strategies identified for national boundary mappirige integrity of the data plays great role in the
implementation of a reliable and dependable detisigport. Therefore, it is expected that for baugpdelated-
based NSIS, the population of the data fields ifledtare made elastic. However, care should bertatot to
over blot the dimension of data matrix (row anducoh records), so long as the basic data fields lhaen
covered. This will enhance tidy and unambiguouscstired query language (SQL) for drawing conclusion
specific threshold in the final geodatabase(s).

3.3 Geodatabase Development strategy for NSIS

The following strategies are identified as the nmfosinidable integrated step towards the effectige aof the
geodatabase matrix for the implementation of adati Security Information System (NSIS) in Nigeria.

i. Comprehensive and structured design (conceptugitdh and physical) of the desired geodatabase, as
a pre-requisite for an effective database.

ii. Integrated periodic mapping with sub-meter resofutsatellite imagery or digital aerial photography
and Global Navigation Satellite System.

iii. Establishment and development of local governmentey departments to monitor respective borders
and limits within their own territories.

iv. Keeping geospatial data and metadata records aidaoy itineraries.

v. Pulling together of national data in central datdbaalled ‘National Geospatial Data Infrastructure’
and disseminating the same for border geo-inteltgemonitoring and national development

vi. Effective use of Intensity Value Analysis (IVA) 8obundary Problems. The IVA technique is used to
estimate the number of boundary disputes in the ddiate vicinity of a location or along specific
international, inter-state, and local boundarieswelver, this technique requires the construction of
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buffers that extends a predetermined distance ftwenpoint or line under examination (a distance
termed abandwidth) and count the number of boundary disputes fallwtpin that bandwidth. For
example, a buffer of 10km and 5km around Nigerim€mon border for all kinds of boundary
skirmishes over a period of time will characterihe tolerance level of the two countries within the
buffer-zone.

4.0 CONCLUSIONS

This study has proposed a geodatabase strategyofordary-related NSIS that will serve as a hub tfer
sustainable management of security of the physicdleconomic structure of the country. The usaibfraeter
resolution satellite imagery integrated with thésérg NigNet CORS in Nigeria to select and popail#te
boundary pillars along the nation’s internationatder and create a robust geospatial informaticatesy for
sustainable development has become imperative.

It is a fact that the geospatial data requiredsimdying and managing our complex environment athero
dynamics in and around it are tasking and cumbegstongenerate and manage. Nonetheless, geospatial
information system remains the most integrated lzaminonized way of generating decision support thdy
reflect the events and abstractions from the realdvaround us. All boundary and security challenge
Nigeria occur at different geographical locatiodstes, time, causing different effects and camsltwith
litigation or response processes that are notahees

Therefore, the geodatabase strategy suggestedsirsttidy is a pre-condition for effective field cplation
exercise of a comprehensive national boundary datllevelopment through comprehensive field vadidat
with technical team made up of the National Boupdaommission (NBC), OSGoF, Surveyors-General of
States and the representatives of government at tmmmunities along the border area in the trachthe
boundary on the ground. At the end of it all, anthwppropriate structured query language (SQLe,database
will provide relevant boundary information for raial security decision support system.

4.1 Recommendations
Recommended strategies for the boundary mappingendlatabase management for NSIS are:

1. Sub-meter resolution imagery integrated with thistexg NigNet CORS should be adopted for creating
an up-dated boundary, administrative and secuasgtl maps and information systems for Nigeria;

2. Digital compendium of geo-database (showing speadiad attributes) of all boundary pillars for
International, national and local boundaries shauéhted and constantly up-dated;

3. National Geospatial Database Infrastructure (NGDI)Nigeria should strive to generate time series
data on national defence and security for the NageMilitary and civil security management;

4. Local Government Area Boundary Unit to be put imgel and developed for effective and quick
responses to boundary disputes;

5. IVA should be used to understudy the tolerant l@fdlorder communities in and around Nigeria.
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