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Abstract 
A parcel based land information system of part of Fadaman Mada was 

carried out successfully by encoding into a computer. The results are in 

digital form and were queried using different criteria to demonstrate the 

efficiency and efficacy of the cadastral information system. Among the 

various results obtained are composite maps of the study area, digitized 

cadastral map of same area showing beacons, parcels numbering as well 

as a sample of a parcel table created in ArcGIS 9.2 version, updated 

digitized map of part of fadaman mada layout plan,  comprehensive 

database of study area (spatial and attributes database), query on all 

parcels that are distorted illegally, query on all parcels that are not 

distorted, query on parcel information by location and other results 

presented is the attribute information from land files and the parcel table 

comprising the beacon numbers, coordinates and height of each corner 

point of a parcel of land including area in hectares of each parcel and their 

locations. The cadastral map comprised of 515 plots of Land which are 

distinguished by different colours, the boundary of the map is clearly 

indicated in red colour. 
 

Keywords: Cadastre, planning administration, land development, parcel 

based information and land transactions 
 

Introduction 
Most human activities and 

developmental efforts are based on 

land. Therefore, a systematic record of 

land and rights in land are vital for 

public administration, planning, land 

development and private transactions 
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in land. The increasing growth in rural population and the massive migration of 

people to the cities (especially in the developing countries) have put increasing 

pressure on rural and urban lands. The International Federation of Surveyors 

(FIG 1995) statement on Cadastre defines cadastre as follows: « A cadastre is 

normally a parcel based, and up-to-date land information system containing a 

record of interests in land (e.g. rights, restrictions and responsibilities). Cadastre 

is a daily maintained record system which contains an unambiguous description 

of the physical location of the parcel of land and the extent of the land, the 

related interest on the lands and the information on the land. It usually includes 

a geometric description of land parcels linked to other records describing the 

nature of the interests, the ownership or control of those interests, and often the 

value of the parcel and its improvements. It may be established for fiscal 

purposes, legal purposes, or to assist in the management of land and land use 

and enables sustainable development and environmental protection.   

Also, according Potdar (2010), to integrate the three cadastres, it has to come 

through legislations as an Act of Law. He said that, modern technology such as 

the use of GPS system for demarcating village boundaries and Total stations or 

EDMs for measuring land parcels and for plotting purposes, computers can be 

used extensively. He also asserts that, spatial data consists of parcel boundaries, 

size, area etc while the non-spatial data consists of record of right, land use 

pattern, revenue details, loans, crop details past transactions etc.   

Ndukwe (2001): observed that the classical cadastre has many inherent 

problems. Parcel related information cannot be collected and disseminated 

systematically and regularly, nor can they be managed effectively to support 

user needs. He explained that digital cadastre is a parcel based information 

system that focuses on the acquisition (using the latest technology of data 

acquisition), presentation (through cadastral plans), storage and dissemination 

of parcel based data or information associated with individual parcels of land.   

According to Elayachin and El-hassane (2001) the design and implementation 

of a digital cadastral system which require an approach that enables the 

integration of cadastral operations with GIS packages and a tool that should be 

of use in a multipurpose system can be achieved through three levels.(a) In the 

first level, the existing cadastral applications must be understood and all 

projects conducted for modernizing cadastral system should be analyzed; 
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(b) In the second level, it is necessary to outline different methods for linking 

cadastral data models to GIS software, where the existing methods, their 

strengths and weaknesses are discussed;(c) The third level is concerned with the 

manner by which the conceived system is implemented. 

 Buragohain, et al (2002) developed a land information system using integrated 

remote sensing and GIS Technology for Guwahati city, India, in order to come 

up with an advanced database management system (DBMS) for the city. The 

methodology adopted in the study was the map of Guwahati city and its 

surrounding areas were digitized. The industrial data comprised of the 

characteristics of the draining network, road and railway network as well as 

infrastructure facilities in the city. Also satellite data are processed and 

classified using supervised classification method to prepare the land use and 

land cover map. The spatial and temporal changes in growth pattern are 

recognized from the digital data. At the end, plot- wise urban, land use map was 

prepared and attributes were assigned for every plot with full ownership 

information. The result of the research was ended by developing a decision 

support system created to supply information regarding every plot and its 

attributes. A database was converted into a web supported format and, 

customized to provide query facilities for immediate and ready extraction of 

information through the web. 

Reghavendran (2002) described how an automated cadastral mapping and land 

information system could be created. He outlined two main issues of concern 

for setting up a cadastral information system, i.e., spatial components/survey 

data describing the spatial disposition of the parcels in the real world cadastral 

maps and non-spatial component describing details such as ownership and tax 

value, e.t.c. He uses spatial database (SDE) for the spatial components and 

micro station geographic for the non-spatial data. For customized query and 

reported generation, the database was put in Oracle format. At the end, analysis 

with the new CIS was unlimited, though it depended on the data that has been 

put as well as the user requirement. 

 

Statement of the Problem 

Since analogue cadastral maps are still being used for land development, 

planning public administration, land development and private transactions in 

land or, are accepted as valid documents in settling land dispute in the courts, 
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issues such as retrieval of cadastral information, manipulating, updating, large 

storage capacity, Multiple land owner, Integrating large volume data and 

assessing large volumes of information still remain the major problem in some 

ministries and parastatals.  In Bauchi State in particular, their system of 

cadastral record keeping is analogue method, as such the cadastral layout plan 

and its attribute information’s need to be converted and kept in a digital format 

for easy manipulation, retrieval and accessibility of large volume of 

information(s) within short period of time, the case of Fadaman-Mada which is 

the study area is not different as its plan has not been converted and the analogue 

layout designed plan is seriously affected by individuals or parastatals. The data 

resulting from the classical model of land cadastre information are now 

becoming insufficient. In the course of economic development the demand for 

more varied information items becomes increasingly pressing. Data stored in 

traditional cadastral systems fail to meet requirements connected with 

supervision, management, decision-making, forecasting and development 

planning. The major problems that prompt me to embark on this research are; 

retrieval of cadastral information, manipulating cadastral information, assessing 

large volumes of information, updating cadastral information, large storage 

capacity, multiple land owner and Integrating cadastral data, 

 

Study Area  

Bauchi is the capital of Bauchi state; it was founded in the year 1848 by one 

Yakubu and it later became the state capital in the year 1976. Bauchi state is 

located between latitudes 09030’ and12030’ north and longitudes 08050’ and 

11000’ east.  Bauchi local government area is located at latitude 09003’ and 

12010’ and longitude 8030’ and 10045’ in the eastern part of northern Nigeria. 

The total area of Bauchi state is 49,119 km2 (18,965sq mi) with the population 

density 95/km2 (250/sq mi). Bauchi state is bordered by seven states, Kano and 

Jigawa to the north, Plateau and Taraba to the south, Gombe and Yobe to the 

east and Kaduna to the west. The study area of this project is Fadaman-Mada 

layout plan DPA/BAU/23A in Bauchi Local Government of Bauchi State as 

shown in Figure 1, located along Bauchi – Maiduguri road. The area is bounded 

by the following UTM coordinates: 
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(593885.379Em, 1144122.169Nm) and (596103.351Em, 1144100.560Nm) 

(596141.401Em, 1142792.748Nm) and (593899.237Em, 1142737.786Nm) 

        

 

 
 

 
Figure 1: Study Area (Source: Ministry of Lands and housing Bauchi state) 

 

Digital images of the study area 

The digital image of the study area showing the cadastral layout designed plan 

downloaded from the Google earth and was superimposed on the analogue 

cadastral layout designed plan in order to discover changes that took place in 

the study area. The cadastral layout designed plan and the analogue cadastral 

layout designed plan are shown on Plate 1 and Plate 2. 
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Justification of the Study 

Considering the numerous problems mentioned above in the introduction, if a 

comprehensive spatial data of the area of Fadaman Mada is fully developed, it 

will check and even stop or minimize the illegal dealing taking place in the area, 

and it will further be used as a tools for developing the area and assist in 

controlling future developmental plans in the state and the nation in general.   

 
Plate 1: Google Download of the Project Site Location: (Source: Google 

Earth) 

 

 
Plate 2: Scanned Layout Plan of the Study Area. (Source: Ministry of 

Lands and Housing Bauchi state) 
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Aim of the Project 

This project is aimed at developing a cadastral information system (CIS) of part 

of Fadaman-Mada area of Bauchi metropolis for effective and sustainable 

development. 

 

Objectives of the Project 

In order to achieve the above aim the following objectives are as follows: 

i. To incorporating co-ordinates of the new features obtained from the 

field using COGO. 

ii. To develop a comprehensive data base of Fadaman- Mada area. 

iii. To demonstrate the efficiency of the GIS by issuing queries and 

observing the CIS responds. 

iv. To produce a comprehensive and up to date digital layout of Fadaman 

Mada area. 

 

Scope of the Project 

The study area for the development of the cadastral information system (CIS) 

was restricted to part of Fadaman Mada area of Bauchi metropolis. The area 

serves as the case study to demonstrate how effective and reliable cadastral 

information system and it can also serve as a powerful tool for land 

administration and sustainable development of our environment. The area for 

the study is restricted to DPA/BA/23A layout in Bauchi Local Government 

Area of Bauchi State.  The project involves the design and creation of land 

information system which will support the integration of records of land and 

permit the upgrading, processing and retrieval of updated information of the 

land parcels and land use. A cadastre is supposed to provide statistics of all 

issues relating to ownership, use and status of landed property in a given 

geographical area and solved almost all land related issued in a ministries, 

parastatals and organizations. The usefulness of such a system will depend upon 

up-to-datedness, accuracy, completeness and accessibility to information. 

 

MATERIALS AND METHODS 

Developing a cadastral information system involved the use of hardware, 

software and procedures in capturing, processing, analyzing, modeling and 

presenting geospatial data. Developing a multipurpose cadastre for Fadaman 

mada area of Bauchi Local Government was achieved through the conversion 

of the existing cadastral layout plan of the area. Satellite image of the area was 

also obtained and overlaid with the digitized parcel layer using a common 
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reference coordinate system. Three types of data that was used for this study 

were spatial, attribute and non-spatial data. The spatial data include maps/plans 

of the study area and UTM coordinates for geo-referencing the cadastral layout 

plan, the attribute data are information about the plot owner, such as names 

address, sex, occupation, date of application, date of registration etc, which was 

obtained from the Ministry of lands and housing Bauchi state. The non-spatial 

data are oral services and social surveys were conducted through interviews on 

the tenants to ascertain the authenticity of the attribute data as obtained in the 

land files.  

The attribute information was obtained through personal interviews, physical 

inspection and some was collected from the Ministry of Lands and housing 

Bauchi State. Also, as part of the attribute data, photographs were obtained of 

some of the existing structures in the area. These attribute data was used in 

creating a spatial database in a GIS software (Arc GIS 9.2). The cadastral plan 

of the study area was scanned and the images was converted into JPEG and 

imported into arc GIS environment. The plan was then geo-referenced using the 

UTM coordinates of four selected points in the layout.  Analysis was performed 

on the database by raising several queries. 

The methodology involve includes: General Reconnaissance, Acquisition of 

layout plan of Fadaman Mada, Data capture of spatial features using handheld 

GPS, Scanning of the cadastral layout plan, Geo referencing the map, On-screen 

Digitizing of the maps and satellite imagery acquired, Creation of the attribute 

tables making up the database, Generation of spatial queries to produce desired 

results and Compilation Composite Map. 

 

DATA ACQUISITION 

Data acquisition for this research study involved; spatial data acquisition and 

attribute data acquisition. The locational data was the Co-ordinates of reference 

points captured by using hand held GPS, while a digital camera was used in 

collecting the photographs of buildings and features of interest. On the other 

hand, the attribute data obtained from the Bauchi State Ministry of Lands and 

housing files while some others, such as General Land Use and Encumbrances 

details was collected through the use of questionnaire, and some, like Utilities 

and Land status data were acquired by physical inspection. This study made 

used of primary and secondary data. 

a. The primary data source is the field survey, which involved using hand 

held GPS receiver in obtaining the field co-ordinates of points of interest 

and the use of Digital camera in capturing the photographs of the 

existing structures in the area.  
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b. Secondary data includes; Fadaman Mada cadastral layout survey plan, 

map of Nigeria showing states boundary, administrative map of Bauchi 

LGA, parcels attribute information and satellite image of the study area. 

Automated instruments were used for data capturing, processing and 

presentation.  

 

Hardware for data capture 

Hand held GPS (Garmin 60).  2. Dell laptop PC with 533RAM & 80GB Hard 

disk plus 250 GB external hard disk storage capacity. 3. Ao scanner 4. Digital 

Camera (Genx, 100 mega pixels). 5. A3 HP desk jet 9600 printer 

 

Software for data processing 

These includes: Map source for Garmin 60, Total station, Arc GIS 9.2 version, 

Google Earth win, Microsoft power point 2007 and Microsoft Word 2007  

 

Field Observation 

For station orientation control Pillar BTR1050, was occupied, target was set up 

at control pillar BTR 1049, the coordinates and heights of the occupied station 

was keyed into the total station. Also the co-ordinates of the back station were 

keyed in. Initial azimuth of the references line was computed and logged in too. 

Having achieved the orientation set up, the reflector target kept on roving 

recording coordinates of desired objects. The first point that was sighted was 

beacon number BA30260. When all the features within the occupied area have 

been picked, instrument position was changed. At the new instrument position, 

the new values of the present occupied station were logged in for both the 

occupied and the back station before commencing fresh observations. The 

reflector target kept on roving around, and coordinates of desired points within 

the occupied area were recorded. In each plot, coordinate of four corners of the 

plots were obtained making the total number of coordinate obtained for five 

plots to be 20 points, these were used for plotting the parcel that were distorted. 

This was the method used throughout in picking changes of all features within 

the cadastral layout plan of DP/BAU/23A. The coordinates of the distorted 

parcel are presented in Table 1. 

 

Table 1: Coordinate of the Distorted Parcel (Source: Researcher laboratory 

Observation,2020) 

Building (Parcel 

Numbers)  

Northing 

(m) 

Easting (m) Area 

(Hect) 

Name of Parcel’s 

Owner 

 

410 

595328.396 

595383.357 

1143068.585 

1143084.012 

 

 

NUHU GAMZAKI 
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595333.217 

595392.999 

1143039.658 

1143048.336 

0.1859  

 

 

411 595333.217 

595392.999 

595398.784 

595339.002 

1143039.658 

1143048.336 

1143018.445 

1143069.767 

 

 

0.1861 

ALI MUH’D HARUNA 

36A 596035.010 

596089.006 

596095.434 

596041.438 

1144018.665 

1144028.378 

1143068.241 

1143942.813 

 

 

 

0.4143 

DAUDA WAFANA KAI 

40B 596095.434 

596095.435 

596063.294 

596064.579 

1143068.241 

1143884.959 

1143883.674 

1143788.098 

 

 

0.2128 

ALHASSAN UMARU 

SALEH 

38 596091.095 

596086.274 

596028.421 

596030.349 

1143787.894 

1143714.613 

1143715.578 

1143788.858 

 

 

 

0.4383 

Mr. MACHEAL JOEL 

345 

 

 

 

596030.349 

596028.421 

595984.067 

595988.887 

1143788.858 

1143715.578 

1143693.400 

1143780.180 

 

 

0.3229 

ZAKIRU ALIYU 

 

 

 

 

Data Processing 

The cadastral layout plan was obtained from the ministry of Lands and Housing 

Bauchi State and was scanned. The scanned layout plan of Fadaman Mada was 

stored in local disk (C) which was later added in arc GIS environment. Arc.GIS 

9.2 version was used in geo-processing this project. The satellite image was 

imported into the arc GIS environment and the geo-referencing was achieved in 

the same way as that of the layout plan with a little difference. Therefore, the 

first image will be geo-referenced to the plotted reference coordinates, the 

subsequent images were referenced to the adjoining already geo-referenced 

images using common points between them. The steps adopted in data 

processing are as follows: 

 

Image enhancement 

Image enhancement is utilized to improve the visual interpretability of an image 

by increasing the apparent distinction between the features.  
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Georeferencing 

There is a great deal of geographic data available in formats that cannot be 

immediately integrated with other GIS data. In order to use these types of data 

in GIS it is necessary to align it with existing geographically referenced data, 

called georeferencing. The process of georeferencing relies on the coordination 

of points on the scanned image (Fadaman-Mada layout plan) with points on a 

geographically referenced data (data to which the image will be 

georeferenced/coordinates of points). By “linking” points on the image with 

those same locations in the geographically referenced data to create a 

polynomial transformation that converts the location of the entire image to the 

correct geographic location. The linked points on each data layer are referred to 

as control points.  

 

Digitization 

Digitizing was achieved using on-screen method (using computer cursor to 

trace the features from the scanned map).  Digitizing is the process of converting 

features on a paper map (Fadaman Mada layout plan) into digital format. 

Digitizer was used in conjunction with the editing tools in Arc Map to create 

new features or edit existing features on a digital map. Digitization is the process 

of making an electronic version of a real world object or event, enabling the 

object to be stored, displayed and manipulated on a computer, and disseminated 

over networks, but before digitization, the map was georeferenced. Digitizing 

features to make them available for mapping and added the tabular data to the 

attributed table. The digitizing process is started by creating new layers in Arc 

Catalog, and then adding features in Arc Map. 

 

Creation of attribute table 

This refers to the process of creating attribute table of the parcel of land which 

includes: Parcel identifier (file number), name of applicant, plot number, 

location, address of owner, date of application, date of allocation, date of survey 

report and date of approval etc. Themes were created and the attribute table was 

populated in ArcGIS 9.2 version 

 

Generating Queries 

This refers to the process of developing queries on both spatial and attribute 

data that was acquired, to generate the require results. The results of the various 

queries made are presented in the analysis of results 
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Composite Map Generation 

The layers created from different maps will be overlaid in the Arc GIS 

environment, Hence, generating a composite map of Fadaman mada layout. 

Appropriate annotations will be added to the composite map in a layout form 

that gave it a cartographic outlook. Some of them include: Title of the map, 

Names of streets, legend, North arrow, Scale etc.  

 

Presentation of Results 

The study has demonstrated that cadastral information system is capable of 

producing an accurate computer-aided cadastral map. It has also demonstrated 

that CIS can cope with large volume of spatial and non-spatial data. Prompt and 

accurate decision taking on land matters which are some of the vital ingredients 

necessary for any economic development of any organization and ministries 

was fully enhanced in this study. Implementation of an automated cadastral 

information system will go a long way in helping the relevant authorities 

charged with the responsibility of handling land records more efficiently and 

effectively. This CIS has also given the authority an opportunity to make some 

typical analysis in the assessment of land use, as well as building code 

violations; the sale transaction of a particular parcel or for the whole block; and 

the assessment of property for issues of planning permission. Finally it can also 

serve as an interactive means of land information for immediate and ready 

extraction of plot-wise details through the multi-query facility that was provided 

in the database which allow any individual user to gather information regarding 

land holding. 

 

Discussion of Results 

The cadastral layout plan of the area was digitized and updated map was 

produced. Database of the study area was produced containing various fields 

and records. Different queries were made and composite map of the study area 

was produced. 

The major changes were expansion of plots number 410, 411, 36A, 40B, 38 and 

345 by the parcel owners. Some residential plots have been converted to other 

uses such as commercial and religious activities but they were not distorted. 

Furthermore, plots were further subdivided into smaller unit or are combined to 

formed bigger sizes than earlier designed. In some cases many parcels were 

combined as one and fenced but does not effected the sizes, shapes directions 

and orientations of the parcels as observed when the satellite image is 

superimposed on the scanned image of the study area. The coordinates of the 
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effected/distorted parcels were determined using total station. The total area of 

each parcel was computed using both the coordinates observed as well as the 

Arc GIS programme for area computation. The name of the parcel’s owner was 

also shown as indicated below.  

 

Digitized cadastral layout plan of the study area 

The first objective of the study was to digitize the existing Layout of the study 

area in order to convert it to soft copy for further analysis; it has thus been 

achieved as seen below in Figure 2. They layers created are boundary line, 

expressway, major roads, minor roads, parcels, streams, hill and mash land etc. 

All layers are targeted before digitization and each feature is assigned a 

particular visual interpretation element.  

 

Updated digitized map of the study area 

This is the updated map of the study area in which the coordinates of the 

distorted parcel have been used in the map compilation.  The coordinates of the 

distorted parcels were recorded and presented in the research. All other features 

were not distorted as at the time of the research apart from the parcels verged in 

dark green colours as indicated below on the legend.  

 

Displayed Database 

This study has a total of 13 fields and 515 records.  Each parcel belongs to either 

an individual, Government Agency or organization as correspond to the records 

in the database. Record of any parcel of land can easily be retrieved based on 

the demand of the user(s).  

 
  Figure 2: Digitized Layout Plan of the Study Area     
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Figure 3 below also shows a comprehensive data base of study area (spatial and 

attributes database). The spatial data are presented in different colours 

indicating difference in ownership for easy identification and boundary of the 

cadastral layout plan is drawn in red. Some of the attribute information such as 

area, owner’s occupation and file number e.t.c were displayed and the results 

were represented in the Figures 4. 

 

Query Analysis and Retrieval 

In the study queries were generated as indicated as follows: 

Query on all parcels that are distorted by the owners, Query on all parcels that 

are not distorted, Query on parcel information by location and Query on parcel 

information by attribute. The query in Figure 5 indicates all parcels that are not 

distorted illegally or legally and they are verge in different colours as show on 

the map. All parcels that area not distorted are highlighted and presented in 

different colours indicating different ownership whereas distorted parcels are 

verged in green colour.  
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Figure 3: Sample of the Database 

 
Figure 4:  Comprehensive Database of Study Area (Spatial and Attributes 

Database) 

 

 
Figure 5: Query of all Parcels that are Distorted  
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Figure 6: Query of all Parcels that are not Distorted 

 

Queried by attribute 

Queried was done on parcel number 127 and the result was displayed as shown 

on Figure 7 below. The attribute data of the parcel was displayed showing all 

property and values and the parcel is highlighted. The query is on attribute of 

plot belonging to ALH. Babayo Garba Gammawa with unique identifier (FID) 

127. 
 

Queried by attribute (distorted parcel) 

Queried was done on one of the distorted parcel (plot number 289) and the result 

was displayed as shown on the Figure 8. The size and shape of the parcel was 

distorted because the area of all the affected plots was increased by the parcel 

owners 
 

Query showing the area of each parcel in hectares 

The area of each plot was computed using ArcGIS 9.2 version and was inputted 

in the database. Queried was made and the result was displayed showing the 

area as presented in Figure 9. 
 

Composite Map of the Study Area 

The composite map of the study area was produced showing details such as the 

boundary line in red, minor road white, major road black, expressway green, 

stream blue and mountain in brown colour etc as presented in Figure 10. The 

extent of the cadastral layout plan covered an area of about 228 hectares and 

consists of 515 plots.  
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Figure 7: Queried by Attribute. 

 

 
Figure 8: Queried by Attribute on one of the Distorted Parcel. 
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Figure 9: Query on Area of each Parcel in Hectares 

 

 
Figure 10: Composite Map of the Study Area 

 

Conclusion 

The research focused on injecting the digital technology system into cadastral 

system of land administration in Bauchi State, to propagate the switching from 
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analogue system of storing, assessing, integrating, updating and retrieving of 

cadastral data. The techniques and general procedures for digital cadastral map 

have been fully described in the study. The study also shows how computer 

technology has come to play a vital role in keeping cadastral records by making 

it possible for information to be kept in different formats, allowing them to be 

assembled in any desired manner by individuals, ministry or parastatals that are 

directly involved with land related matters in satisfying their required needs. 

The study area is only one out of the numerous developmental layout plans that 

is in the state capital and the Bauchi metropolis in particular that are yet to 

receive the new technology. It is hereby concluded that the development of land 

information system was successful; the result indicated the efficiency of 

GIS/geospatial information system in capturing, storing, analyzing and 

presenting data with reference to geographic location data. The results also 

demonstrated that, GIS is a powerful tool for collecting, storing, retrieving at 

will, transforming and displaying spatial data from the real world without loss 

or threat to the data. The system is so versatile in applicability where 

information on cadastral plots can easily be stored and retrieved by querying 

any plot of interest. 

 

Recommendations 

It is therefore recommended that, relevant ministries, agencies and survey 

researchers in the state should continue from where this research study stopped, 

if the state must attain sustainable development. We crave the political 

willingness of those in power to fund the State Ministry of Lands & Survey of 

Bauchi state and Nigeria as a whole so that the latest satellite imageries can be 

easily acquired, for proper monitoring and detection of land use violation and 

changes within the country.  
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