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Abstract. Urban densification has attracted much attention in recent times,
particularly in addressing certain urban problems such as urban sprawl and
promoting compact development, though problems of unplanned densification
are yet to be addressed in the literature. This paper examines space and time
dynamics of urban densification, where patterns and changes in the residential
densification of Bida urban area in Nigeria are assessed. The study relied on
point features representing buildings for the years 2008, 2013, and 2018 digitized
using ArcGIS 10.6. The data were analysed using Point Density spatial method
to develop the spatiotemporal models which were further reclassified into three
categories: low, medium, and high densities, respectively. The paper has found
out that residential densities increase along the urban-rural gradient with clear
evidence for unplanned urban densification as a result of the organic growth.
Therefore, there is the need for planned densification in urban development
which can curb the increasing residential density that reduces green and open
spaces.
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INTRODUCTION

Urban densification is the increase in urbanisation level of a limited area, which
has an adverse effect on the biodiversity of its green spaces by destroying the
habitats, disintegration, and soil temperature increase or pollutions (Vergnes et al.,
2014). Urban densification causes a lot of challenges to cities ranging from a decline
in housing affordability, and infrastructural provisions, and difficulties of city
management. Urban densification as the second phase of urbanisation has a
consequential effect on affordable housing and may cause a change in the housing
market. As a result of a change in the housing market, the entire city or national
economy could experience a shift either negatively or positively (Gulyani et al.,
2018).

Bida urban area in Nigeria, like other urban areas of the developing world, is
characterised by rapid urban growth which is largely uncontrolled, and increased
urban densification especially in the core areas of the town. As the population
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increases, the building development increases leading to unguided conversion in
the use of structure and landscape. For example, commercial and special structures
are converted to residential units or industrial buildings converted to commercial
uses; green spaces are encroached, low-rise buildings are converted to high-rise
structures, and river banks and flood plains developed to increase housing stock.
Although most urban structures conform with Alonso’s monocentric urban
structure, some are not (Mohammed & Sulyman, 2019).

Urban densification has generated a lot of discussions among scholars (Amer
et al., 2017; Chandrabose et al., 2019; Chhipi-Shrestha et al., 2017; Curie et al.,
2010; de Oliveira e Sousa & Celani, 2018; Haaland & van den Bosch, 2015;
Schmidt-Thomé et al., 2013; Treija et al., 2018; Wang et al., 2019). For example,
urban densification is conceived as an urban regeneration method (Broitman &
Koomen, 2015; 2019). Treija, Bratuskins, and Korolova (2018) considered it as an
infill development approach in a large housing area. Vuckovic et al. (2019) see it
as heat island mitigation for the improvement of outdoor thermal conditions where
it was argued that vertical extensions of existing buildings provided solar shielding.
Urban densification may be protective against obesity risk but may have adverse
effects on blood lipids and blood pressure (Chandrabose et al., 2019).

In contrast, urban densification has negative impact on housing demand and
land use (Wolff et al., 2017). In terms of temperature, it contributes to urban heat
islands (Duan et al., 2019; Vuckovic et al., 2019) which should be discouraged in a
hot and humid climate (Lima et al., 2019; Ribault et al., 2017). Considering urban
open and green spaces, urban densification has contributed to potential changes in
green space infrastructure (Lin et al., 2015; Stéhle, 2008; Vergnes et al., 2014). It
also leads to the loss of public and private urban open and green spaces (Haaland
& van den Bosch, 2015; Kyttd et al., 2013). Urban densification policy also leads
to the privatisation of public open spaces (Treija et al., 2018). Ghadami & Newman
(2019) suggests that urban densification policies change the urban spatial structure.

From previous studies, urban densification is conceived as a planning approach
to promote the implementation of the compact city that discourages urban sprawl,
which is referred to as planned densification. However, attention is not given to
unplanned densification where many less developed cities like Bida continue to
grow densely without a definite policy or programmes for such activities. This is
another vast unexplored area that needs attention, particularly in wurban
morphological studies. It is on this backdrop the study attempts to examine the
space and time dynamics of urban densification in the Bida urban area.

The main questions addressed in this study are: What is the pattern of urban
densification between 2008 and 2018 and what is extent of the changes? The main
goal of this paper is to examine the spatiotemporal dynamics of urban densification
in an organically growing urban area in order to provide spatial information on
illuminating changes in the urban structure, while the specific objectives are to
examine the pattern of residential densification considering Alonso’s monocentric
model, and to examine the changes in the residential densification of the study area
over time.

The outcomes of this study will help urban managers and authorities to
efficiently solve the problem of spatial growth and management.
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1. LITERATURE REVIEW

1.1. Monocentric Model of Alonso

The monocentric model has its root from Von Thiinen’s study on agricultural
land use which became the centerpiece of Alonso’s (1964) models of urban
economics, particularly the residential location and the urban housing markets
(Waddell, 2000). Transition from agriculture to urban environments, absolute and
differential concepts received proper modifications. Alonso adapted and considered
the Von Thiinen model to an urban environment (Fujita, 1989). The input of Alonso
in the model brought about the specific urban application, disparaging the notion
that limited it to transport costs as an expression of impedance of space and
preference for more central locations known as Bid Rent (Fujita, 2010). Similarly,
Alonso’s assumption includes competition among various economic activities,
which are spatially distributed in the urban area based on their availability to pay
rent, as locational determinants and choices and consequential value distributions
(Manganelli & Murgante, 2017).

Alonso took an exceptional position similar to preceding pioneers of urban
economics and it was one of the fundamentals of his model (Ahlfeldt, 2011).
Decreasing density gradients are a feature of these monocentric models, i.e.,
housing density decreases as distance to the CBD increases (Magliocca et al., 2011).
The model was later extended by Muth and Mills where housing was added to the
model (Gwamna et al., 2015). Although Muth and Mills have separate work, the
monocentric city model of this version is referred to as the “Muth—Mills” model. In
this version of the model, residential density, building heights, and population
density all decline with distance from the CBD (Gwamna et al., 2015).

Combining Alonso’s model and ‘Muth—Mills’ extension, the monocentric
model suggests that moving towards the CBD, land for housing is more expensive,
this encourages housing developers to build more apartments per unit of land to
economise the space used, that is by developing small apartments of high-rise
buildings, as the building height increases the cost of additional meters (Kulish et
al., 2012). Then the choice of households would be either to reside in a better
location, but more expensive and smaller apartment or in a far distant, but less
expensive and bigger apartment towards the urban fringe (Kulish et al., 2012).
According to the model, the urban form is characterised by taller buildings and
higher density near the CBD, lower building height and lower density on the fringe.
Total size of the urban area will simultaneously determine by the transportation
cost, population size, and the land value in different uses, such as agriculture
(Kulish et al., 2012).

The limitations of the monocentric concept that predicts the land and house
prices are well known and have attracted large criticism (Ahlfeldt, 2011; Kulish et
al., 2012). The monocentric model excludes non-transportation elements, which
include instances in which humans prefer a choice of a residential location not
primarily considering the commuting cost minimisation to their workplace.
Besides, as the central areas of the city are under restructuring, and employment
centres exist in the suburb, studies proved that the distance to the CBD would have
less effect and become insignificant or/and irrelevant (Xiao, 2017). However, the

96



Baltic Journal of Real Estate Economics and Construction Management

202179

model cannot be completely ruled out because it is still applicable to some extent
in most urban studies such as housing density and population density. This is due
to the centralised structure of most urban forms of developing countries.

1.2. Urban Densification

The ongoing debate over the environmental sustainability of different urban
forms is both high profile and contentious. In the context of urban planning (of the
Global North) the discussion however seems to be primarily focused on the issue
of densification (Schmidt-Thomé et al., 2013). Several policies promote urban
densification (i.e., compact city form creation or the densification of existing cities)
to achieve a reduction in urban sprawl. Urban densification denotes an upsurge in
the urbanisation level of a limited area, which could have a negative impact on the
urban green space biodiversity through habitat destruction, pollution or would
increase soil temperature, fragmentation, and alteration of socio-spatial structure
(Vergnes et al., 2014). However, urban densification is also viewed as a problem-
solving approach (Leffers & Ballamingie, 2013).

There are three basic concepts — density, perceived density, and crowding —
used by urban managers to address the issue of how density affects people’s lives
(Alexander, 1993). Density describes the relationship between a given physical area
and the number of objects in that area (Medayese et al., 2015). Density has an
intrinsic relationship with urban morphology; it plays an important role in the
shaping of urban forms. One of the pioneer planners Ebenezer Howard pointed out
that the countryside had less density and a greener environment compared to the
growing industrial city (Medayese et al., 2015). Alonso suggested that density
increases when moving closer to the city centre and distance away from the city
centre causes a decrease in density (Alonso, 1964). Density refers to both
population density and housing density, which result from rapid urbanisation.

More recently, studies have shown that compact development provides
solutions to many urban problems such as reducing urban sprawl and infrastructure
provision (Broitman & Koomen, 2015; Chhipi-Shrestha et al., 2017; Vergnes et al.,
2014). This results in many compact cities in Europe and the Americas (Medayese
etal., 2015). However, considering Howard’s and Alonso’s thoughts and the recent
compact development that changes urban morphology, urban densification can be
planned (deliberate) and unplanned (not deliberate). Therefore, urban densification
can be divided into two categories: planned urban densification and unplanned
urban densification.

Measuring urban density has been a problem for many researchers (Stéhle,
2008). Broitman and Koomen (2015) measured residential densification using a
high level of detail spatial data that covered the Netherlands. They described land
use by employing 100 m resolution rasterised data, residential density, and local
explanatory variables of a wide range. Predominant land use was accessible for each
cell for the years 2000 and 2010, which depended on an accumulated arrangement
of spatially explicit land-use database of Netherlands Statistics. Wang et al. (2019)
generated a land-use transition of 2001 to 2011 matrix using land-use maps with
the aid of ArcGIS and examined the spatial and temporal urban density changes.
The study employed various metrics based on the landscape to describe urban
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spatial pattern changes and to evaluate the model error nature. Analysis based on
rings was adopted, which was primarily based on the classical urban theory. The
analysis was employed to show transition of urban densification characteristics. The
Land Transformation Model (LTM), which is a function of Artificial Neural
Networks (ANNs) and GIS, was applied to simulate the changes in land use, which
also utilised a raster modelling environment in urban growth simulation that relied
on several bio-physical and socioeconomic factors. Relying on changes in the
historical land use data and predictor variables, the ANN learns urban densification
patterns; this information is then kept and applied to predict changes of future urban
densification.

In contrast, Jiao (2015) acquired high-quality Landsat TM/ETM+ images,
where the images were classified using the Maximum Likelihood Classification
method in ENVI 4.5. The results from image classification were processed using a
non-linear least-squares method to fit the proposed urban land density functions and
a nonlinear function to the observed data by refining the parameters in successive
iterations. They employed a trust-region algorithm in their study. They fit the urban
land density functions with Matlab. Urban densification was also measured using
microclimate simulations with different models. The results were compared, and
uncertainty ranges were documented by testing the impact of urban fabric on the
current climate (Loibl et al., 2019). Shahtahmassebi et al. (2016) developed a
framework for measuring urban densification using time series of impervious
surface fractions (ISFs) derived from remotely sensed imagery.

Predicting urban densification, Wang et al. (2019) documented past urban
densification patterns and used the information to predict future densification trends
in Southeastern Wisconsin. In another perspective, Delmelle et al. (2014) examined
the socio-economic transformations that had occurred over a period of time as a
result of urban densification programmes. In terms of risk assessment, Leon
Canales et al. (2019) perceived that tsunami risk could increase due to urban
densification. Urban densification programmes were also linked to mobility (de
Oliveira e Sousa & Celani, 2018).

Amer et al. (2017) examined urban densification through roof stacking where
the systematic approach of three consecutive levels (urban, social, and engineering)
was considered. Identification of multiple criteria was carried out to map and assess
the potential of roof stacking as regards several added floors and location. Using
ArcGIS software, maps were produced for roof stacking of Brussels at the city
scale, which signified potential urban densification.

In a different perspective, Delmelle, Zhou, and Thill (2014) assessed urban
densification using current land and real estate property records and reconstituted
the urban map of Charlotte using World War II as a starting point. Ghadami and
Newman (2019) used the Hot Spot approach based on the Getis Ord Local G
statistical test and Arc GIS 10.2 to investigate the effect of the urban densification
policies made after the Islamic Revolution on the urban spatial structure of Tehran.
Vuckovic et al. (2019) simulated urban microclimate for both pre- and post-
densification scenarios where the Rhinoceros 3D (parametric modelling
environment) was considered and Grasshopper was used for built-in algorithms in
the Rhino’s plug-in.
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2. METHODOLOGY

2.1. Study Area

The study area is Bida town, a traditional north-central town of Nigeria located
on latitude 9° 5' 0" North and longitude 6° 1' 0" East (Fig. 1). The town is the second
largest settlement in the Niger State of Nigeria with a total built-up area of
67.45 km? and about 255 008 population based on the last national population
census (Mohammed & Sulyman, 2019).
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Fig. 1. Map of Bida (Field survey, 2020).

2.2. Data

Data needed for this research included satellite imageries which were captured
for three different periods, i.e., 2008, 2013, and 2018 using maximum resolutions
on the Google Earth application. The choice of Google Earth is due to its user-
friendliness and availability of historical images. The satellite images were
georeferenced where a vector approach was adopted in digitising all the buildings
using point features in the ArcGIS environment. The entire buildings for each year
under study were represented by points (Fig. 2).
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Fig. 2. Location of buildings in the study area for the year 2008, 2013 and 2018
(Field survey, 2020).

2.3. Analysis

The point density spatial analyst tool of ArcGIS 10.6 was used to analyse the
residential density of the study area for the years under study. Point density
produces a raster showing a magnitude per unit area from point features that fall
within a neighbourhood around each cell. Only the points that fall within the
neighbourhood are considered when calculating the density. If no points fall within
the neighbourhood at a particular cell, that cell is assigned NoData. Points used in
the spatial model represent the location of buildings in the study area. The spatial
analyses were extended to reach the boundary. The geo-pressing procedure
produces raster files for the densities for the years 2008, 2013, and 2018. This is
adopted where ‘buildings within a fixed distance d from i’ are calculated in ArcGIS
by using the ‘Point Density’ tool. This model was chosen for the benefit of better
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performance and visualization. The radius used for searching the neighbouring
points d = 0.002672 m was chosen according to the content of the data.

The point density raster model outputs were further reclassified into three
categories: low, medium, and high densities, respectively, using the Reclassify tool
of the ArcGIS toolbox. This allowed for better representation of the three density
level changes during the study period. The reclassified raster data set was also
converted to polygon to allow for area measurement of each category, and the area
covered by the polygonal shapes was measured in km? using the Calculate
Geometry tool of the ArcGIS.

3. FINDINGS

3.1. The Pattern of Residential Densification

The spatial approach was adopted to analyse the urban densification of the
study area between 2008 and 2018. The spatial and temporal approach depicts the
patterns of densification in a better morphological structure (Figs. 3-5).

Figure 3 shows spatial variations in residential densities of Bida in the year
2008. The result depicts the urban form in terms of residential density in that year.
The structure of the town shows that areas around the Central Business District
(CBD) are of high density while locations within the urban fringe tend to have lower
residential densities. This is remarkable and relates to the fact that urban fringe
locations during this period are outside the development zones. This result did not
deviate from the traditional monocentric model of Alonso, which is consistent with
many cities of the developing world, where density gradient decreases towards the
urban fringe (Broitman & Koomen, 2015).

As urban densification proceeded in an uncontrolled and unstructured manner,
the spatial pattern of urban residential densities increased unevenly in 2013 (Fig. 4).
The result shows that the residential density gradient increases towards the urban
fringe without decreasing density in the CBD. The morphological structure of the
town was retained in its traditional monocentric form, but towards the north and
north-western part of the town, the residential density increased prominently.

Figure 5 shows that there was consistent and fast increasing residential density
in the study area in 2018. Residential density increases during this period towards
the north, west, and southern part of the town. However, the result implies that the
western part had a low level of residential development.
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Fig. 3. Spatial pattern of residential density in the study area in 2008 (Developed

by the authors, 2020).
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3.2. Changes in the Residential Densification

The transition in the residential densification for 2008, 2013, and 2018, which
was based on three major density classifications — high, medium, and low
densities —, was measured in km? according to the area coverage of each density
level. It can be observed from Figs. 6—8 that densification transition in the study
area depicts low to medium and to high-density residential areas, where high
residential density overtook the medium and low-density residential areas. The
results show that high density continues to spread without development control to
the urban fringe. This is an indication of organic urban transformation, which lacks
policy guidance and control and it is argued that it represents a form of unplanned
or uncontrolled urban densification.
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The residential density changes that occurred in the study area in the three
different years under investigation were calculated and measured in km? and
percentage area coverage. This study revealed that in 2008, 42.82 km? (63.46 %) of
the total area was covered by the low density, followed by 10.15 km? (15.04 %) of
medium density area, while the high density covered about 14.51 km? (21.50 %) of
the total land area. In 2013, there was a great change where high density covered
27.16 % of the total land area and medium-density area also increased in its area
coverage to 17.93 %, while the low-density area decreased to about 54.91 % from
its initial 63.46 % in 2008. The town experienced great density changes between
2013 and 2018 where high density covered about 37.36 % of the total area.
However, the medium-density area experienced a drop of 17.78 %, while 44.86 %
of the total area was covered by the low-density area (Table 1).

The findings revealed a fast urban growth of the town and also indicated the
need for urgent intervention to check the fast-growing unplanned urban
densification.

105



Baltic Journal of Real Estate Economics and Construction Management

2021/9

Table 1. Residential Density Changes for 2008, 2013 and 2018 (Developed by the
authors, 2020)

2008 2013 2018
Density Type
km? % km? % km? %
High density 14.51 | 21.50 | 18.33 | 27.16 | 25.21 | 37.36
Medium density 10.15 | 15.04 | 12.10 | 17.93 | 12.00 | 17.78
Low density 42.82 | 63.46 | 37.05 | 5491 | 30.27 | 44.86

The trends in the residential changes presented in Fig. 9 indicate a sharp drop
in low-density total area coverage, while the high-density area experiences rise in
the curve, which is expected to continue if nothing is done to control the organic
growth of the town. However, the medium density curve flattenned between 2013
and 2018. The findings indicate that high-density areas overtook both low- and
medium-density areas. Therefore, without any policy formulation and
implementation to guide or control this ugly development, it may be difficult to
conduct any urban renewal or upgrade sooner or later.
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Fig. 9. Trend in residential density changes for 2008, 2013 and 2018 (Developed
by the authors, 2020).
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DISCUSSION

The study area experienced great density changes between 2013 and 2018
where high-density area covered about 21.50 % of the total area in 2008 and
37.36 % in 2018. However, the medium-density area experienced a drop from
17.93 % in 2013 to 17.78 % in 2018, while only 44.86 % of the total area was
covered by the low-density area in 2018 from 63.46 % in 2008. The trends in the
residential changes indicate a sharp drop in low-density total area coverage, while
the high-density area experiences rise in the curve, which is expected to continue if
nothing is done to control the organic growth of the town. However, the medium
density curve flattenned between 2013 and 2018.

This pattern of densification process is in line with the urban economic theory
for monocentric open cities that experience population growth and decreasing
commuting costs (Antoniucci & Marella, 2018). As residential densities increase
along with the urban-rural gradient, the observed increase in residential densities
associated with the presence of restrictive spatial planning is also in line with
expectations from the urban economic theory. However, in the study area,
restrictive spatial planning is not in place. This analysis provides some empirical
underpinning for city structures in line with the monocentric model of Alonso
(1964). Similar patterns were observed by Broitman and Koomen (2015) who
studied residential density change by focussing on densification and urban
expansion, i.e., in urban development, the number of housing units increases
towards the city centre. Wang et al. (2019) found similar importance for the growth
centres in their analysis of urban densification dynamics and future modes in
Southeastern Wisconsin, the USA. However, it can be inferred from the research
findings that residential development occurs more in areas that are rich in amenities
but in this study, it occurs more in the areas with less or no physical planning
regulations.

Findings of this study also show a transition of high density towards the urban
fringe without development control, which is expected to continue if nothing is
done to cushion the menace. There is clear evidence of organic urban
transformation which takes its root from the traditional urban centres located at the
core area of the town. The spatiotemporal analysis as revealed in the study implies
fast urban growth in Bida. It also indicates that low- and medium-density areas were
overtaken by the high-density area within few years. This form of development is
argued to be a form of unplanned or uncontrolled urban densification. As such, there
is a critical need for policy formulation and implementation of development control;
otherwise, it may be difficult to carry out any intervention or upgrade such as urban
renewal.

CONCLUSIONS

In the study, it was observed that there was an increase in high- and medium-
density areas and a sharp drop in low-density area between 2008 and 2018, where
high-density area increased in the curve, while the medium-density curve flattened,
and the low-density area reduced. The residential density increased along the urban-
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rural gradient, which was in line with the monocentric model of Alonso, thereby
causing a transition of open spaces and low-density areas to medium- and high-
density areas which could be attributed to poor restrictive spatial planning in the
study area. Hence, the study area continues to grow in an organic urban
morphological structure, which requires urgent physical planning interventions.
The study, therefore, suggests rational densification (planned densification) in
urban development, which can curb the increasing residential density that reduces
green and open spaces and can also reduce its negative implications on the
environment. Conducting planned densification, urban managers should propose a
new development plan for the affected areas by converting certain areas from low-
density to medium-density areas and medium-density to high-density areas, where
open spaces, green areas, waterfronts, and recreational areas are put into critical
consideration.
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