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Abstract

Many studies have unveiled the importance of variation in residential property values overtime, but failed to cover
different types of residential property value and location. The aim of this research is therefore to model residential
property rental value in Bida from 2015 to 2020 with the aid of Geographic Information System (GIS). The study
focused on the rental values of the residential property and rental value variation across space. Data collected for this
paper includes residential rental values and geographic coordinates from 196 residential properties in the study area,
comprising 101 one-bedroom, 80 two-bedroom and 15 three-bedroom apartments. Inverse Distance Weighted (IDW)
interpolation tool of ArcGIS was employed in analyzing the data. It was found out that the core areas of the town
commands lower rental values while the southern part of the town commands higher rental values. It was also found
out that one bedroom apartment is the most dominant residential rental property followed by the two bedroom
apartments and three bedroom apartments respectively. Geospatial database was produced for each model in a bid to
ascertain the level of changes with time. The benefits associated with the application of GIS technology were
established by this research and recommends its application to other property values modeling.

Key words: residential properties, rental values, modelling, geographic information system, inverse distance
weighted.

Introduction

Price variations and the cyclical nature of the housing market are risk factors that might jeopardize the
stability of the financial and banking sectors dynamics, as evidenced by recent experience and property
value crises in emerging countries (Yuan et al., 2018; Olszewski et al., 2017). Valuation of properties,
particularly residential properties, was traditionally done manually or based on a current report and site
survey, and was largely documented on paper and hardcopies (Sharafat et al., 2021). The current trend in
property revaluation is to create a property valuation model that can estimate residential property values on
a wide scale and in a short period of time. Geographic Information System (GIS) are one of the tools used
to record all information about the value of properties and spatially represented based on the data collected
(Mohammed & Sulyman, 2019; Bohari et al., 2015).

GIS are responsible for establishing spatial links between items that can be identified in respect to the earth
(Hu et al., 2018). Cichociski & Dbrowski (2013) describe how these systems may be used to analyze the
features and relationships of spatially defined objects. All geographic phenomena vary through time, and
comprehending geographic processes and events requires both spatial and temporal qualities. In addition,
knowledge derived from spatio-temporal data will aid in the better prediction of spatial processes and events
(Li et al., 2020).

The rapid growth of cities has put a strain on land, making it difficult to precisely describe property qualities
and value (Biozor & Cielak, 2021). GIS and remote sensing data have been widely employed for property
appraisal due to their abundant spatial information and robust image processing capability (Zhang et al.,
2014). Although, locational influences on property value are often viewed as the most essential, their
inclusion in valuation methodologies is frequently assumed (Li & Luo, 2022). The use of GIS-based value
maps to depict fluctuations in value at the individual property level is introduced.

General data such as social, economic, planning, and environmental features, as well as specific data such
as local market conditions, transaction details such as location, physical and functional form, and legal
characteristics, are used in all valuation approaches (Kemiki, 2012). Market data is generally difficult to
obtain due to regulatory limits on the release of property data into the public domain; therefore valuers rely
on their own expertise and experience. Despite the lack of access to property data, IT and data analysis
techniques are fast evolving. Early IT implementations in the real estate sector were simply computerized
duplications of human operations (Yang et al., 2018). Property management software, for example, was
built on accounting programs, while valuation software transformed old value processes into spreadsheets
(Cellmar, 2011). These programs have been developed and polished to the point where they can now
effectively replace manual systems. Complex valuations and sensitivity analysis can be carried out using
valuation software to a degree that would be prohibitively time demanding if done manually.
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Property valuation estimates are crucial in making strategic real estate investment decisions (Ullah &
Sepasgozar, 2020). This is due to the fact that real estate stakeholders (including professionals,
corporations, and the government) rely heavily on property valuation estimates provided by valuers (Yalpir,
2014). The inaccuracy of such appraisal forecasts could have a negative impact on real estate stakeholders'
investments, which could eventually undermine a country's economy, as the global financial crisis of 2007
demonstrated (Jiang et al., 2013).

Several methodologies have been employed to estimate property values in the real estate research arena,
ranging from traditional to advanced valuation techniques (Assimakopoulos et al., 2015). Traditional
valuation methods have been proved to be unreliable and erroneous in studies (Zurada et al., 2006). As a
result, there has been a shift toward advanced valuation methodologies, which are more accurate and
dependable than traditional methods (Abidoye, et al., 2019). Traditionally, property transaction data was
only available through a network of professional connections. The contact established by estate surveyor
within the property industry and in the area where he or she practices, the jungle telegraph' can be effective
(Adegoke et al.,, 2017). However, it can be difficult to obtain the necessary information in many
circumstances, particularly when companies are secretive or the market is slow.

In order to examine the drivers of property value, previous research has either disregarded or dealt with
location analysis in a very general way (Wyatt, 2013). It's possible that modeling location for the purposes
of valuation may be challenging. According to Dabaniyu (2013), valuers infer a great deal about a property
from its location, which is based on local experience and knowledge. Acknowledging why a specific
location has a particular impact on property value is not the same as attempting to quantify that element
(Adetiloye & Eke, 2014). The market value of every asset is the price a potential buyer is willing to pay a
willing seller in the presence of all relevant information and acting in their own best interests (Brown &
Matysiak, 2017). As a result, the price an occupier is willing to pay determines the value of a property.

It is from the foregoing, that this study attempts to model residential rental properties value with the aid of
Inverse Distance Weighting (IDW) interpolation tools of GIS to determine the variation in rental value of
residential properties of the study area in 2015 and 2020 respectively.

Methodology of research and materials

The study was conducted in Bida traditional Nupe town in Nigeria. The primary data collected for this
study includes the location of residential properties in terms of their coordinates with the use of a Global
Positioning System (GPS) receiver to produce a map for residential rental properties as well as rental values
for residential property types in the study (see Fig. 1). Questionnaire was administered on occupants of
residential properties to ascertain the rental value of varying residential properties for the years 2015 and
2020 to 196 residential properties comprising 101 one-bedroom, 80 two-bedroom, and 15 three-bedroom
apartments respectively. Residential rental values collected for each category of properties were used to
build the geodatabase in ArcGIS 10.6. The collected information was analyzed using the IDW interpolation
technique of GIS using the residential rental values of each category of residential properties (i.e. one-
bedroom, two-bedroom, and three-bedroom) as the input field from the attribute table of the geodatabase
in the spatial modeling of residential property rental values of the study area.
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Fig. 1. Location of Sampled Residential Rental Properties in the Study Area

Discussions and results

Model for spatial residential rental value in the year 2015

The rental value of residential properties in the study area as of 2015 is presented in Fig. 2, 3, and 4
respectively. The IDW results show that in 2015 the minimum rental value of a bedroom residential
property is thus put within the range of NGN6000 to NGN 12000 and NGN61000 to NGN67000 at its peak,
while that of two-bedroom residential property was at NGN100000 to NGN107000 and NGN167000 to
NGN174000 at the minimum and maximum values respectively. For the three bedrooms' residential
property rental values in the study area, the minimum value as of 2015 was between NGN11000 to
NGN29000 and the maximum value was around NGN181000 to NGN190000 respectively. The spatial
model shows a lower rental value in the central area for one-bedroom residential properties and higher
rental values along the southern parts of the region (see Fig. 2). The model indicates decreasing residential
rental value with the decreasing distance away from the city center. For two-bedroom rental values, the
model shows that the highest rental value is found in southwestern and northwestern areas of the study area,
while the city center has a lower rental value for two-bedroom apartments (see Fig. 3). The two-bedroom
residential rental property model also indicates the increasing rental value with increasing distance away
from the city center. The model for three-bedroom apartments shows a contrasting spatial pattern, although,
the city center also records lower residential rental values (see Fig. 4).
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Fig. 2. One-bedroom spatial residential rental value for 2015
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Fig. 3. Two bedrooms spatial residential rental value for 2015
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Fig. 4. Three bedrooms spatial residential rental value for 2015

Model for spatial residential rental value in the year 2020

The The IDW analysis presented in Fig. 5, 6 and 7 respectively represents the residential properties rental
values for the year 2020 where it was revealed that the rental values for one bedroom residential property
was lower in the core areas of the town from NGN14000 to NGN30000 and a bit higher towards the
northern part within the range of NGN30000 to NGN50000 while the rental values for a bedroom residential
property is considerably high in the south and estimated around NGN60000 to NGN80000 as shown in Fig.
5. Similarly, rental values for two-bedroom apartments were lower at the core of the town estimated around
NGN20000 to NGN80000, while other parts of the town commands high values with areas the western axis
having the highest values for two-bedroom residential properties estimated around NGN100000 to
NGN140000 as presented in Fig. 6. Three-bedroom residential properties command the highest price in the
southwestern part of the town with the price ranging from NGN180000 to NGN200000 while the northern
part of the study area has a considerably lower rental value of NGN11000 to NGN30000 as shown in Fig.
7. This implies that residential property values in the southern part of the town irrespective of the number
of room commands higher value than the core areas and northern part of the town across the time space
analysed.
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Fig. 5. One-bedroom spatial residential rental value for 2020

Similarly, rental values for two-bedroom apartments were lower at the core of the town estimated around
NGN20000 to NGN80000, while other parts of the town commands high values with areas the western axis
having the highest values for two-bedroom residential properties estimated around NGN100000 to
NGN140000 as presented in Fig. 6. Three-bedroom residential properties command the highest price in the
southwestern part of the town with the price ranging from NGN180000 to NGN200000 while the northern
part of the study area has a considerably lower rental value of NGN11000 to NGN30000 as shown in Fig.
7. This implies that residential property values in the southern part of the town irrespective of the number
of room commands higher value than the core areas and northern part of the town across the time space

analysed.
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Fig. 6. Two bedrooms spatial residential rental value for 2020
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Fig. 7. Three bedrooms spatial residential rental value for 2020

The various analytical tools of GIS present an easier medium of processing, manipulating,
understanding, and presenting environmental, social, and economic-related data (Mohammed et al., 2021;
Kuller et al., 2019; Grekousis, 2020). As revealed by the findings of this study in 2015, three-bedroom
residential rental properties commanded the highest rental value which agrees with the finding of Ciu et al.
(2018) in a study conducted in Beijing, China, that residential properties with a higher number of rooms
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has more economic return than the lower ones. Similarly, it was observed that residential properties closer
to the central business district (CBD) had relatively lower rental values compared to other farther locations
from the city center which conforms with the findings of Hussain et al. (2019) in a study conducted in
Islamabad region of Pakistan and Nepal et al. (2020) in a study conducted in Nepal. This is due to the
organic nature of the city (Mohammed et al., 2021). The model revealed a pattern that shows that all
residential rental properties command lower value with proximity to the city center and higher rental value
towards the suburb. This is in line with a study conducted by Delventhal et al. (2022), Miessner (2021), and
Olowu et al. (2019) indicating that the closer a property is to the city center, the higher the rental value of
the such property.

Conclusions and proposals

The spatial models of the residential rental value of the study area show a variation in the spatial structure
of the city. However, the uniqueness of the model is that all the residential rental property values depict
lower rental values in the central area of the study area. In conclusion, the study revealed a spatial pattern
that is contrary to the monocentric city models. The study revealed a spatial pattern that depicts a decreasing
rental value with decreasing distance from the city center. However, there is a slight variation in the spatial
pattern of two-bedroom rental values for the years 2015 and 2020, yet, the city center commands lower
rental values. It was therefore concluded by the study that the IDW interpolation tool of GIS is a unique
tool to predict and model property value. The adoption and application of this tool are therefore
recommended to estate valuers and managers as an important valuation tool that will aid the processing,
analysis, and presentation of valuation-related data efficiently than the traditional approach.
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