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FOREWORD

It's my privilege and pleasure, on behalf of the Vice Chancellor of this great institution, Prof. Sulyman
Agenjolola AbdulKareem, to welcome you all here today. It has been a long journey since the idea of the first
International Conference of Environmental Sciences (ICES) was muted. It looks then that we cannot do it,
what with many other problems we have to cope with as a very young Faculty.

Being the very first academic outing of our fledging faculty, we are all aware that it cannot be our best effort.
We just needed to start somewhere, hoping that in subsequent years, as we develop capacity, we will continue
to build on gains of today. So feel free to tell us areas we can improve upon because in years to come, the goal
is to make ICES a flagship biennial national dialogue.

The encouragement for the university administration, particularly our Leader and Vice Chancellor, Prof
Abdulkareem and the doggedness of faculty staff and students have made today a reality. | therefore want to
appreciate our Vice-Chancellor and my colleagues in the faculty for making today possible. .

The goal of sustainable development is to meet the needs of today, without compromising the needs of
tomorrow. This implies that we cannot continue using current levels of resources as this will not leave enough
for future generations. Therefore, stabilising and reducing carbon emissions is key to living within
environmental limits as this will create a truly sustainable built environment that is fit for the future.

The theme, Collaboration for Sustainable Development in the Built Environment, captures our focus as
academia and professional in the larger society and the broaden Sustainable Development Goals (SDGs).
Beyond that, it gives exciting opportunities to several of our professionals like Quantity Surveyors, Architects,
Geologists, Geo informatics, Town Planners, Land Surveyors, Estate Valuers, Engineers etc to express
themselves and their activities at ICES.

Collaboration is essential for development in today’s world because real life challenges require researches that
are multidisciplinary in nature. When you want to control flooding for instance, you need Civil Engineers, Soil
Scientists, Geographers, Geologists, even Public Relations Professionals etc for diverse roles.

For robust development of built environment in a sustainable ways, geographers, who are concerned with the
study of places and relationships between people and their environments; Surveying and Geo-Informatics
Professionals who are concerned with geo-data and geo-information about locations in relation to the earth
and Urban and Regional Planners who will develop and design use of land are essential partners.
Furthermore, Architects helps with planning, designing, and construction of buildings and any other structures
that made up the environment while based on the structural performance of different materials and geometries
the Structural Engineers design the 'bones and muscles' that create the form and shape of the structures
designed by the Architect. Services Engineers strive to achieve a safe and comfortable indoor environment
whilst minimizing the environmental impact of buildings through collaboration with Chemical Engineers
and other specialists. Then the Quantity Surveyors, who are the construction cost experts, will predict and
manage construction cost from inception to completion.

So evidently, we must all collaborate to make possible the attainment of Sustainable Development Goals
(SDGs). And as if to emphasize the need for collaboration, the drafters of the Seventeen (17) Sustainable
Development Goals made goal Seventeenth, perhaps the ultimate goal- partnership for all the previous 16 goals.
Besides, the University authorities here have always emphasize multidisciplinary collaboration among
researchers.

We are honoured to have Prof. Adeniyi Suleiman Gbadegesin, our Keynote speaker, in our midst this morning.
He is a colossus and mentor to many professors of Geography. As an international scholar of repute with wide
and varied experience, this gathering will benefit immensely from his paper.

Similarly, we have with us Prof. Ahmad Doko Ibrahim of the Department of Quantity Surveying and Project
Construction Management, Ahmadu Bello University (ABU) Zaria who had done a lot to bring ABU into
reckoning. | salute you sir and welcome you heartily.

The 1% International Conference of Environmental Sciences (ICES 2019) received a total of 150 abstract,
accepted 72 and today we have a total of 49 full papers to be presented by authors in 6 parallel sessions. Students’
competition on the theme of the conference will be conducted to conclude the activities of the conference.

Let me express the warm appreciation of staff and students of this faculty and the entire university to all our
professional colleagues who are gracing this occasion in the spirit of town and gown mandate.

"It's therefore my pleasure to extend a cheerful welcome to you all! Your presence makes us very happy."
Thank you for coming

Dr. Ganiyu Amuda-Yusuf
Ag. Dean Faculty of Environmental Sciences
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SPATIO-TEMPORAL ANALYSIS OF BIDA HOUSING MARKET USING GEOGRAPHIC
INFORMATION SYSTEM
Mohammed, J. K. and Sulyman, A. O
Department of Urban and Regional Planning, Federal University of Technology, Minna- Nigeria

Abstract
Previous studies show importance of spatial distribution of housing price and its variability over time, but

did not cover various types of houses with their prices over time. This study therefore focused on examining
spatial and temporal changes in Bida housing market from 2008 to 2018 using Geographic Information
System (GIS). In particular, it focuses on the spatio-temporal auto-correlation of spatial distribution of
residential housing prices over ten year period. Ordinary Kriging (OK) model was used to carry out the
analysis. This model is consistently estimated by the maximum likelihood approach and they were
compared with respect to the changes that occur within the period. For each model, geospatial layers were
produce in order to ascertain the changes that occur. This paper establish the benefits associated with the
use of GIS technology in housing research and the substantial benefits obtained by modelling the spatial as
well as the temporal dependence of the data. Specifically approaches to trends and changes in the housing
market, which can also extend to various aspects of housing studies.

Keywords: Geographic Information System, Housing market, Interpolation, Spatial, Temporal

261.0 Introduction

The recent experience and the crisis of housing in the developing world have shown that price
fluctuations and the cyclical character of the housing market are risk factors that can threaten
the stability of the financial and banking sectors dynamics (Olszewski, Waszczuk, & Widtak,
2017). The accumulation of risks can lead to uncertainty in the market that can worsen the
economic situation because of the links between the housing, banking, and finance sectors.
Price changes can have an impact on the whole country and this is the reason why government
and its agencies should monitor house price dynamics (Olszewski, Waszczuk, & Widtak,
2017). However, the housing market has provided an active application area for spatial-
temporal modelling and analysis (Yao & Fotheringham, 2016; Wu, Ye, Du, & Luo, 2017; Li,
Ye, Lee, Gong, & Qin, 2017).

Spatial relationships between objects that can be identified in relation to the earth are the basic
tasks performed by Geographic Information Systems (GIS). These systems provide a number
of tools for analysing the characteristics and relationship of spatially defined objects
(Cichocinski & Dabrowski, 2013). All geographic phenomena evolve over time, both the
spatial and temporal characteristics are key to the understanding of geographic processes and
events. Furthermore, knowledge extracted from spatio-temporal data will help to better predict
the spatial processes and events. Therefore, it is important to carry out analysis on the spatio-
temporal data sets (Cichocinski & Dabrowski, 2013). This study examines the dynamics in
Bida housing market using space and time approach.

2.0 Literature Review

Considerable literatures have formed spatial and geospatial housing price modelling in urban
settings most especially, spatial interpolation (e.g., Dale-Johnson & Jan Brzeski, 2001; Zhang
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& Tang, 2016; Zmolnig, Tomintz, & Fotheringham, 2015; Hill & Scholz, 2017; Chen & Li,
2017; Wang et al., 2017; Battaglia, Borruso, & Porceddu, 2010; Olszewski et al., 2017; Wu et
al., 2017; Seo, 2008; Hu, Yang, Li, Zhang, & Xu, 2016; Schernthanner, Asche, Gonschorek,
& Scheele, 2016; Seo, Sohn, Choi, & Kim, 2016; McCluskey, Deddis, & Lamont, 1998;
McCluskey, Deddis, Lamont, & Borst, 2000; Clauw, 2007). A fraction of which measures it
using geostatistical approach (e.g. Kuntz & Helbich, 2014; Montero & Larraz, 2011; Hu,
Cheng, Wang, & Xu, 2013). Importantly, the majority of the studies mentioned above did not
take into account spatio-temporal analysis of housing market (e.g. Yao & Fotheringham, 2016;
Lietal., 2017).
However, (Li et al., 2017) examine the space-time dynamics of how housing prices fluctuated
from a big data perspective. The paper uses spatial data analytics and modelling techniques to
identify the spatial distribution of housing prices. Yao & Fotheringham (2016) applies a mixed
model approach, semi-parametric geographically weighted regression (GWR) with 3D model
to explore, model and analyse the spatiotemporal variations in the relationships between house
prices and associated determinants, but did not consider different types of housing prices. Also,
Cichocinski & Dabrowski (2013) analyses spatial and temporal aspects of the real estate
market. In particular, it focuses on the graphical presentation of the spatial distribution of price
and its variability over time, but also did not consider various types of houses with their prices
over time. This is the basis for this research and tends to fill the gap in the literature.

2.1  Conceptual Model
Spatial interpolation is the process of using points with known values to estimate values at
other unknown points. As geographic information systems (GI1S) and modelling techniques are
becoming powerful tools in natural resource management and biological conservation, spatial
continuous data of environmental variables are increasingly required (Collins & Bolstad, 1996;
Hartkamp, De Beurs, Stein, & White, 1999). Thus, the values of an attribute at unsampled
points need to be estimated, meaning that spatial interpolation from point data to spatial
continuous data is necessary (Li & Heap, 2008).
Application of spatial interpolation earlier was typically based on elevations, climatic
phenomena, soil properties, population densities, fluxes of matter, etc. While most of these
phenomena are characterised by measured or digitised point data, often irregularly distributed
in space and time, visualisation, analysis, and modelling within a GIS are usually based on a
raster representation (Mitas & Mitasova, 1999). But recently applied in environmental sciences
most especially, housing market analyses (Montero & Larraz, 2011; Zmdélnig et al., 2015).
Stochastic data-driven interpolation methods are generally used to estimate the spatial
distribution of geographical phenomena from the ground-based point data. However, Ordinary
Kriging (OK) is relevant to this study.
Ordinary Kriging is a method of interpolation for which the interpolated values are modelled
by a Gaussian process governed by prior covariances. Kriging is a stochastic interpolation
technique offer important advantages over the deterministic methods, which have been
extensively applied for geographical element interpolation (e.g., Moral, 2008; Delbari,
Afrasiab, & Jahani, 2013; Abo-Monasar & Al-Zahrani, 2014). Kriging has been increasingly
preferred because it takes into account the spatial correlation between neighbouring
observations and desired location where the estimation is to be made. In this research, OK is
used to model temporal sequence. The temporal sequence is converted into a spatial sequence.
It is a versatile technique, suitable for use with any type of spatio-temporal data.
3.0 Materials and Methods

3.1  Study Area
Bida town is a Local Government Headquarter in Niger State, located on the A124 highway (a
regional road) linked Ilorin to Minna and Abuja. The LGA has an area of 1.698 km? and a
population of 266,008 (NPC, 2006) with 9°05'N, 6°01'E, 9.083°N, 6.017°E, Coordinates. Bida
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is the second largest town in Niger State. It is located southwest of Minna, capital of Niger
State, and is a dry, arid town. The major ethnic group is the Nupe. Bida is the headquarters of
the Nupe Kingdom led by the Etsu Nupe and consisting of many districts, such as Katcha,
Lapai, Mokwa, Enagi, Baddeggi, Agaie, Pategi, Lemu, Kutigi, and others. The leadership style
of the ancient town of Bida is emirship, and the head of the town is addressed as Etsu Nupe.
The town is known for its production of traditional crafts, notably glass and brassware. Bida is
also known for its Durbar festival. It is also the home of the Federal Polytechnic, Bida (Faruk,
Mohammed, & Mohammed, 2016). The locational map of the study area showing sampled
houses is shown in Figure 1.
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Figure 1: Bida, showing Sampled Houses
Source: Field Survey, 2018
3.2 Methodology
Total number of 138 houses managed by the 3 active estate firms in Bida; Usman Maishera &
Associates, Okoh Okuoma & Co. and Pat Egbeduma & Partners was sampled. The sampled
houses includes; 60 one bedroom, 54 two bedroom and 24 three bedroom (see Table 1).

Table 1: Number of Sample Houses Managed by Estate Firms in the Study Area

Estate Firms 1 Bedroom 2 Bedroom 3 Bedroom
Okoh Okuoma & Co. 9 3 2
Pat Egbeduma & Partners 8 15 5
Usman Maishera & Associates 43 36 17
Total 60 54 24

Source: Authors’ Compilation, 2018
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Data needed for this research were acquired through both primary and secondary sources.
Primary sources include; coordinate of the sampled residential houses using hand-held GPS
and their annual rent between year 2008 to 2018, while secondary sources include; satellite
image from Google Earth and related historical studies on spatial and temporal analyses on
housing market. However, vector data model was adopted in the mapping and building of the
geodatabase.
The position of the sampled houses in terms of X and Y coordinates were taken using hand-
held GPS before on-screen digitization in order to provide spatial information about the
position of the study area. The coordinates were taken using the WGS 1984 with Minna as the
Datum. Satellite image of the study area was georeferenced and onscreen digitization of spatial
elements was also conducted using ArcGIS 10.5. Geodatabase was created where attributes of
sampled houses were stored to allow interpolation. The main attribute data for this work is
annual rent of the houses and stored in the relational database called theme table.
Spatial interpolation methods were used to generate models for housing market. The
interpolation methods used was Ordinary Kriging (OK). Most of the tools for performing
interpolation require only one value subjected to interpolation, associated with a single point.
Geostatistical Wizard, a part of the Geospatial Analyst extension of Esri’s ArcGIS software
was used to automatically select the interpolation parameters of the examined data.
4.0  Data Analysis and Research Findings
Using OK spatial interpolation method with combination of growing number of housing
transaction database records from year 2008 to 2018 and three categories of housing (i.e. 1
bedroom, 2 bedroom and 3 bedroom), the spatiotemporal modelling of housing prices are
presented as follow;

4.1  Spatiotemporal dynamics in 1 bedroom housing prices
The interpolation results in Figure 3, Figure 4 and Figure 5 revealed the pattern of space and
time changes that occurred in the housing prices of one bedroom apartment in the study area.
It can be observed that rental price for one bedroom apartment was lower in the Central
Business District (CBD) and eastern part of the town and higher to the south in the year 2008.
Changes began to manifest in the year 2013 and became obvious in the year 2018. However,
in the CBD, little changes were observed.
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Figure 2: Spatial Interpolation of One Bedroom Housing Prices for 2008
Source: Field survey, 2018
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Figure 3: Spatial Interpolation of One Bedroom Housing Prices for 2013
Source: Field survey, 2018
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Figure 4: Spatial Interpolation of One Bedroom Housing Prices for 2018
Source: Field survey, 2018
4.2  Spatiotemporal dynamics in 2 bedroom housing prices
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Spatial and temporal dynamics in the housing prices of two bedroom in the study area shows
that CBD region have low rental value in the year 2008, while it increases in the area but still
lower compare to other areas in the year 2018. However, to the west and south, the rental value
of two bedroom apartments was high throughout the study period. These are spatially
represented in Figure 5, Figure 6 and Figure 7 respectively.
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Figure 5: Spatial Interpolation of Two Bedroom Housing Prices for 2008

Source: Field survey, 2018
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Figure 7: Spatial Interpolation of Two Bedroom Housing Prices for 2018
Source: Field survey, 2018

4.3  Spatiotemporal dynamics in 3 bedroom housing prices
For three bedroom apartments, space and time series analysis of rental prices records little
changes between the year 2008 and 2013 while in 2018 significant changes have been
observed. However, CBD and other regions surrounding it records lower rental value in 2018.
This is graphically presented in Figure 4.8, Figure 4.9 and Figure 4.10 respectively.

5°58'40°E 6°00°E 6'120°E 6°240°E

Legend

9'5'30°N

—— Other_Road

Major Roads

| > River

& Swamp

”: "; Boundary
Kriging_7
Prediction Map
[Three_Bedroom].[Y_2008]
Filled Contours
I 108.676 - 120,000
I 95631 108,676
B 89,722 - 98,631
[ 81,819-89,722

74,810- 81,819
68,593 74,810
| | 63,078 - 68,593
I 58,187 - 63,078
- I 53,848 - 58,187
2400 é 3200 I 50,000 - 53 848
5'5840°E 6'00E 6°120°E 6'240°E |
Figure 8: Spatial Interpolation of Three Bedroom Housing Prices for 2008
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Figure 9: Spatial Interpolation of Three Bedroom Housing Prices for 2013
Source: Field survey, 2018
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Figure 10: Spatial Interpolation of Three Bedroom Housing Prices for 2018

Source: Field survey, 2018

5.0  Discussion of Findings

Findings of this study revealed that there is unique pattern of housing prices across the study
period in most part of the town. The city centre which is referred to the CBD in this study have
the lowest rental value through the study period. The study also shows the differences in rental
value of apartments between the CBD and other neighbourhoods continue to widen. For
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example, One bedroom apartments, in the year 2008 commands rental value of around N70,000
in GRA area and in the CBD it was around N15,000 to N20,000. Ten years later, rental value
for one bedroom apartment increases to around N120,000 in GRA area and 428,000 around
the CBD. This conform with the result by Cichocinski and Dgbrowski (2013) but contrary to
findings by D'Acci (2018) whose findings shows that housing value decreases with the increase
of the distance from the city centre. D'Acci’ findings confirms Alonso’s monocentric model.
However, general pattern from the geospatial model of this study demonstrate a unique housing
prices pattern for the CBD while a divergence pattern for other areas. The model shows that
housing prices in the Polytechnic region increases more than other regions for all types of
houses under study and throughout the study period. Consequently, the model disconfirm
Alonso’s monocentric model which suggest that housing prices decreases with increasing
distance to the city centre.
6.0  Conclusion
This study demonstrate the benefits associated with the use of GIS technology in housing
research and the substantial benefits obtained by modelling the spatial as well as the temporal
dependence of housing price data. Specifically approaches to trends and changes in the housing
market, which can also extend to various aspects of housing studies. The knowledge gap filled
in the study is that it considered various types of houses with their prices over time. The study
therefore recommends the use geospatial techniques such as Ordinary Kriging in modelling
housing market studies, particularly, trends in the housing market.
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