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Abstract

Universities play a crucial role in urban economic and structural development. The govern-
ment of Bangladesh has undertaken the initiative to establish a public university in each of
the 64 districts. These newly founded universities have the potential to impact urban growth
significantly. We aimed to project university-induced urban expansion to address this knowl-
edge gap and identify the mechanisms driving urban growth. The classification of super-
vised and unsupervised methods was employed to analyze urban development for the
years 2000, 2010, 2016, and 2022. We used the Cellular Automata and Markov Chain
approach to forecast future urban growth and land transition capacity. Additionally, the driv-
ing factors and selection of the study area were derived from Focus Group Discussions
(FGD), Key Informant Interviews (KII), Probit Model, and Perception Index (PI). The findings
of this study reveal a 1.6% urban growth rate within ten years of the establishment of the uni-
versity, while urban expansion accelerated to 29.78% after ten years. The predictions also
indicate a sustained urban growth rate of 4.7% by 2042. Furthermore, the Pl index demon-
strates that the establishment of the university has resulted in high demand for rental hous-
ing, serving as one of the primary drivers of urban expansion. Moreover, the Probit model
highlights strong economic capability, proximity to the town, railway station, hospital, and
easy access to credit as vital facilitators behind the drivers of urban expansion. Policy-
makers, the scientific community, and urban planners can benefit from this study in pursuing
sustainable city development through university establishment.
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1. Introduction

Universities play a pivotal role in advancing educational, socio-economic, structural, cultural,
and innovative outcomes [1, 2]. They significantly influence the urban living system, leverag-
ing their extensive capabilities in knowledge and student facilities to drive technological and
urban growth [3, 4]. Moreover, universities serve as catalysts for industrial, technological, and
urban policy development, attracting investors and reshaping the growth patterns of specific
regions [5]. These linkages contribute to cities’ physical and environmental evolution [6]. The
dynamics of urban expansion are time-dependent, and some universities are established in
remote areas to improve socio-economic and structural conditions [7, 8]. Furthermore, uni-
versities located in urban or rural regions significantly influence spatiotemporal urban built-
up dynamics.

While numerous studies worldwide have explored the social, economic, and cultural possi-
bilities associated with universities [8, 9], the spatial-temporal urban growth resulting from
universities remains less documented. For instance, Benneworth et al. examined how a univer-
sity could enhance social and economic conditions by fostering mutual understanding among
local authorities [10]. Kurucu & Chiristina argued that universities with high land density and
property holdings significantly impact landscape development and micro-area urban growth
[11]. Smith revealed that residential buildings, transportation networks, and local commercial
opportunities directly result from university establishments and their effects [12]. These find-
ings, such as those by Benneworth et al., provide crucial illustrations of how universities can
lead to the structural development of suburban cities [10]. AYDIN analyzed the growth pattern
of university students in relation to structural improvement and urban expansion dynamics
[13]. In Bangladesh, universities also play a crucial role in developing a healthy society, eco-
nomic progress, and cultural diversity [14]. Furthermore, the Government of Bangladesh
(GoB) has decided to establish additional universities in the country’s 64 districts [15]. As of
2022, the government of Bangladesh established 53 universities to meet the rising demand for
higher education and promote regional development, aiming to enhance the nation’s eco-
nomic growth, employment, and social progress through a more accessible and diversified
educational system. The establishment of universities in various districts also significantly
impacts urbanization [16]. Therefore, investigating university-induced urban expansion and
its future variability is essential for planning proper urban growth and developing sustainable
cities.

Universities frequently contribute to the improvement of various sectors, including indus-
trial, commercial, retail, social, economic, housing, and settlement growth [8, 10, 12, 13, 17].
They also promote sustainable urban life, ecology, ecosystem preservation, pollution control
measures, and social cohesion. However, while university campuses often boast green spaces,
they do not guarantee beneficial urban enhancements in their surrounding cities or remote
areas. Therefore, it is crucial to determine the effect of universities on urban development out-
comes. Various strategies have been employed in different studies to address this issue. For
example, Rahman et al. used land use land cover (LULC), land surface temperature (LST), nor-
malized difference vegetation index (NDVI), and urban heat island (UHI) approaches to
investigate the effect of urbanization on surface temperature in seven districts of Bangladesh
[18]. Other studies have also utilized LULC approaches to analyze urban dynamics [19, 20].
Han et al. employed unsupervised LULC classification to detect landscape changes [21]. Con-
sequently, a range of modeling methodologies exists for studying urban expansion. Previous
studies have predominantly used Logistic and linear regression [22-24]. However, in this
study, we utilize Sentinel and Landsat imagery for expansion analysis and cellular automata
(CA) and Markov chain (MC) modeling approaches. These methodologies have demonstrated
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precision and accuracy in visualizing and modeling urban growth [25, 26]. Li et al. also
employed the probit model, while You & Yang utilized the random forest model to extract
driving factors [27, 28]. No study has investigated urban expansion trends using sentinel/land-
sat imageries and demonstrated future variabilities using CAMC models within a single study.
Furthermore, this study is the first to employ the Probit model and Perception Index for iden-
tifying driving forces in examining urban expansion scenarios. These models have shown
improved precision in various explorations [29-32].

Rangpur district is one of the urbanized regions of Bangladesh, experiencing rapid industri-
alization, commercial development, and agricultural expansion [18, 33]. Several studies have
been conducted in the Rangpur district, such as Rahman et al. examining the effect of urban
expansion on UHI [18], Roy et al. comparing LULC changes in two distinct cities [34], and
Islam & Sarker focusing specifically on LULC changes in Rangpur City Corporation (RPCC)
[35]. However, very few studies have investigated university-induced spatiotemporal urban
growth and the extraction of its driving elements.

This study aims to comprehensively examine the influence of university establishments on
urban expansion. Our primary objectives are to determine the extent of university-induced
urban areas, identify the driving factors behind urban expansion, and predict the dynamics of
urban growth. The investigation is designed to contribute to land management policy develop-
ment, focusing on sustainable urban development and the enhancement of new university
establishments. We introduce several novel contributions to the existing body of knowledge.
Firstly, it examines the spatiotemporal urban growth resulting from universities, an aspect that
has received limited attention in previous research. By investigating university-induced urban
expansion and its driving forces, this study provides a comprehensive understanding of the
impacts of universities on urban development. Furthermore, the utilization of Sentinel and
Landsat imagery, combined with cellular automata (CA) and Markov chain (MC) modeling
approaches, demonstrates a novel methodology for visualizing and predicting urban growth
patterns. The intellectual merit of this study lies in its interdisciplinary approach, integrating
aspects of urban planning, land management, and spatial analysis. By incorporating various
data sources and modeling techniques, the study offers a robust framework for examining the
complex dynamics of urban expansion and its underlying drivers. The broader impacts of this
work extend to multiple stakeholders and sectors. Policymakers and urban planners can bene-
fit from the insights gained through this study to inform decision-making processes related to
sustainable city development, land management, and the establishment of new universities.
Additionally, the findings contribute to the scientific community’s understanding of the rela-
tionship between universities and urban growth, filling a gap in the existing literature. The
study also has implications for the social and economic well-being of communities, as it
addresses the potential impact of universities on local socio-economic conditions and cultural
diversity. Overall, this study offers valuable insights into the role of universities in urban
expansion, providing a foundation for informed decision-making and sustainable urban devel-
opment strategies.

2. Study area

The study area is located within RPCC, encompassing Begum Rokeya University, Rangpur
(BRUR) as shown in Fig 1. BRUR commenced its academic activities in 2009, and significant
developments within our study area began in 2011. The choice of this area was pivotal for
examining the impact of newly established universities on urban expansion, particularly in the
context of recent urbanization trends. Our analysis focuses on the university’s influence within
a defined boundary of 7.30 square kilometers. This boundary was determined based on the
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Fig 1. Study Area: a) Map of Bangladesh; b) Rangpur City Corporation; ¢) Final Study Area with Digital Elevation Model (source:
author’s own generated map, datasets of this map are obtained from a publicly and freely available site of United State Geological
Survey (USGS), ref: www.usgs.gov).

https://doi.org/10.1371/journal.pone.0302362.g001

university’s sphere of influence, employing Focus Group Discussions (FGD) and Key Infor-
mant Interviews (KII) for precise delineation, as depicted in Fig 2.

RPCC, including our study area, experiences a humid subtropical climate, characterized by
an average temperature of approximately 24.92°C and mean annual rainfall ranging from 2244
to 2498 mm, as reported by Rahman et al. and Rahman & Azim [18, 36, 37]. The population of
Rangpur, as per the 2011 Bangladesh Bureau of Statistics (BBS) data, is approximately 796,556,
with about 15% residing in urban areas [38]. The area’s topography is relatively flat, with eleva-
tions varying from 26 meters to 41 meters above sea level, as depicted in Fig 1.

3. Data and methods
3.1 Focus Group Discussion (FGD)

This study was over-sighted via discussion with the people using convenient sampling Two
gadgets were utilized to appraise the urban expansion areas due to the university establishment
in the Rangpur district. Five FGDs were taken to the root level, including study areas in the
north, south, east and west sides for compiling the assessment of the university-induced urban
expansion boundary The author conducted FGD between 05 January to 20 February 2023.
Each FGD has 12 members. A total of 60 participants were chosen for FGD, consisting of
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Markov
Niodel

diversified characteristics of the respondents (Bankers, House owners, Retired persons, Teach-
ers of University and so on). The average age of the respondents was greater than 25 years old
to abduct the actual scenario and actual university-induced urban areas by using their local
experience and knowledge about the respective area. The following questions was usually
asked to the participants in the discussions:

i. What is your general awareness of the establishment of universities in Northern Bangladesh
and its potential impact on urbanization? How do you perceive the changes in urbanization
and development in Northern Bangladesh over the past decade, particularly in areas where
universities have been established?
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Table 1. Obtained satellite image details.

Area Year
University Influenced Study Area 2000
2010
2016
2022

https://doi.org/10.1371/journal.pone.0302362.t001

ii. In your opinion, what role have universities played in the urbanization of Northern Bangla-
desh, and how do you think they have influenced the local communities?

iii. How has the establishment of universities affected the local community in terms of
employment, education, infrastructure, services, and overall quality of life?

3.2 Key Informant Interview (KII)

Six groups of diversified personnel were selected randomly to capture their ideas and experi-
ence towards university-induced urban growth areas with KII, including i) locally social and
politically influential persons (Male and Female), (ii) Planning level personals (Government
Officers of LGED and LGD), iii)General public (Low income, middle income and high-
income persons), iv) Agricultural Officers, v)Intellectuals (Teachers of university and colleges),
vi) Research Workers (Research Associate of Begum Rokeya University, Rangpur).

The author purposively conducted 10 KII for achieving the study objective (Lindner &
Dooley, 2008). Questionnaires regarding the locally influential and general personnel were
done in the same alignment along with the socio-economic and geographical characteristics of
the respondents. The following questions were frequently posed to discussion participants:

i. Can you provide an overview of the impact of universities on urbanization in Northern Ban-
gladesh based on your knowledge and expertise?

ii. From your perspective, how have economic trends and employment opportunities evolved
in the region with the growth of urbanization induced by universities?

iii. What role do universities play in the broader development of Northern Bangladesh, and
how has this impacted the socio-economic landscape?

3.3 Data acquisition and pre-processing for satellite imageries

Two satellite imageries, Landsat and Sentinel, were obtained from United State Geological Sur-
vey (USGS) for 2000, 2010, 2016 and 2022 (Table 1). The Landsat images were collected at
30m resolution, where the sentinel was 10m. Therefore, cloud coverage remained within 10
percent for both images. For the analysis of LULC and its prediction, ArcGIS 10.8 and IDRISI
Selva 17.02 was used. Hence for the driving factor analysis, STATA 17 version software was
utilized. A detailed methodological framework can be sourced from (Fig 2).

3.4 LULC classifications

To explore the urban expansion scenario influenced by the university establishment, we
employed LULC classifications. Therefore Landsat-7, Landsat-5 and Sentinel-2A imagery was
used to identify four classes of LULC: water body, vegetation, grassland, and built-up areas.
Also, for the LULC classes, we used a combined approach of supervised and unsupervised clas-
sification [39]. Additionally, the radiometric, atmospheric, and geometric correction was

Landsat/Satellite Date of Acquisition Sensor/ Instrument Path and Row
Landsat-7 17 November 2000 ETM 138/42
Landsat-5 05 November 2010 ™

Sentinel-2A 17 October 2016 MSI

Sentinel-2A 20 March 2022 MSI
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performed before the final calculation of LULC classes [40]. Hence to accurately define Land-
sat data, we downscaled to a resolution of 20 meters, aligning them with the native resolution
of Sentinel imagery.

3.5 Accuracy assessment

The accuracy assessment was conducted to test whether the classified maps were well suited to
the ground data. We have analyzed 230 sampling points to validate our classified map [18, 41].
Thus, the validation was done through Google Earth Pro. The user, producer, and overall accu-
racy was investigated using the kappa coefficient through the error matrix [42, 43]. The accu-
racy result is considered in good agreement if the kappa coefficient is >0.75 [43, 44]. Hence
this study found >0.75 kappa value for all the LULC classes where the classes from Sentinel
images were more accurate (Table 3).

3.6 CA-MC model for LULC projection

The CA-MC approach has been extensively used to assess and quantify urbanized areas’
growth and landscape changes. Additionally, it has proven its prediction capacity with greater
accuracy [45]. The detailed working process of this model can be accessed from Lu et al. [46].
Therefore, two different year imageries (2000, 2016) were taken for calibration and optimiza-
tion, while the 2022-year image was utilized to validate the prediction result. Finally, after per-
forming the ground-based validation of the 2022 image, we predicted 2042 LULC dynamics.

3.7 Econometric analysis

Generally, a probit model is applied in modelling limited variable analysis or dummy variable
outcome [47, 48]. This is used explicitly while the objective of the study is to analyze a latent
variable say, denoted by y* [48]. The excellence of the model is that it overcomes the shortcom-
ing of the linear probability model and also able to predict the non-linear values of the explana-
tory. On the contrary, the basic frailty of the model is cannot expound the actual magnitudes
of the parameters directly [49]. Probit model is considered for estimating the drivers of urban
expansion. This is generally a type of binary regression. Binary Probit regression is applied
here to identify the factors influencing the respondents toward urban expansion and its sever-
ity explained by Muthén [50]. This study uses this probit model due to its extensive acceptance
in analyzing spatial data [51].

This study also uses the perception index (PI) introduced by Malhotra [52]. The whole
scheme of estimating urban expansion drivers is depicted in Fig 3. This perception index anal-
ysis for the respondents’ attitudes towards urban expansion will provide a clear doctrine which
psychological phenomenon really matters for the respondents for associating with this
development.

For estimating the parameters of the probit model, assume that p is a binary variable refer-
ring to less urban expansion due to university (m = 0) and high urban expansion (m = 1).
Here, p is associated with a latent variable y*, which implies the proclivity of urban expansion
engagement. The delineation betwixt p and y* remains as follows:

{m=0,ifp»<0m=1, if p» >0 (1)
In Eq (1), y* can be gained using Eq (2) below.
7 =xB" +u (2)

Where X = {x;, X2, .. .. ... , X, implies the vectors of the factors determining the severity of
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the urban expansion in the study areas. = {B;, B2, - . .. - . , Bu} is the respective unknown

parameters to be estimated. y refers to the stochastic disturbance term with a standard normal
distribution (o = 1).

Therefore, the possibility of having an urban expansion in the study areas can be obtained
as below:

P(x) = P(x) = ¢(xf") (3)

Here, ¢ is the communicative distributional function which also follows o = 1 (standard
normal distribution). This study’s marginal effect (ME) model is also used with mean. This
procedure has been followed to find out that a unit change of any variable resulting from a
unit change of another variable holds other things constant on the probability of P(Y = 1|
X =x). The selection of the driving variables is a challenging and difficult task as urban expan-
sion and its growth varies from time to time as the intentions and attitudes of the inhabitants
also [53]. Reviewing the past studies and opinion of virtuoso, nine explanatory variables have
been selected, shown below in Table 2.

However, from the above nine variable: age of the respondents may be a key factor for the
urbanization, this may be due to the fact that young people have better health status that may
influence them to be more productive towards the urbanization related activities [54]. In addi-
tion, education as another socioeconomic ingredients have role on the urban socioeconomic

Table 2. List of the variables included in the probit model.

Variables Meaning Symbol Nature of the variable

Dependent Urban expansion = 1
No urban expansion = 0 Y Categorical

Independent Age of the respondent (Measured in years) X, Continuous
Educational status (Measured in years of formal Schooling) X, Continuous
Land Ownership (Measured in total capital assets) X5 Continuous
Income (measured in BDT.) Xy Continuous
Credit access (Dummy: 1 for yes and 0 for no) Xs Categorical
Distance from the university (in kilometres) Xs Continuous
Distance from the nearest Highway (in kilometres) X; Continuous
Distance from the nearest Railway (in kilometres) Xg Continuous
Distance from the nearest hospital (in kilometres) Xo Continuous

https://doi.org/10.1371/journal.pone.0302362.t002
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Table 3. Accuracy assessment.

Year User Accuracy (%)
WB VG
2000 94.60
2010 85.00
2016 97.50
2022 100.00

https://doi.org/10.1371/journal.pone.0302362.t003

transformation also [55]. Education encourages persons to migrate from total to urban areas
due to having better facilities which in turn affects the urbanization [55-57]. The cornerstones
of urban development are coordinated urban operations including utilisation of land policy
and land ownership. It has a bearing on the type and structure of growth in urban areas [58].
In addition to bestowing money and power upon its owners, land ownership also allows them
to influence the policies and results of urban development. Finally, considering that ownership
is a social construct and that metropolitan areas have an impact on ecological conditions, hav-
ing land reflects the values of society [59]. Income and its distribution is another contribution
factor for urbanization because an unequal distribution of the income causes slow growth of
urbanization vice versa [60, 61]. Credit facility or availability of loan has increased the possibil-
ity of the agglomeration [62]. In case of health facilities, unplanned urbanization may create
longer distance between the health communities and the inhabitants which in turn reflects the
lower health facility and deprives the population from the benefit of urbanization [63]. Like-
wise, distance from the highway, railway and the university [64-67]. These mentioned reasons
influence the researchers to include these explanatory variables in the probit model for accom-
plishing the objective.

4. Results
4.1 Accuracy

To evaluate the validation of four LULC classes, namely water body (WB), vegetation (VG),
grassland (GL), and built-up (BA), accuracy was tested with ground data. Therefore, we found
the highest accuracy for sentinel datasets of >94% (2016) and >97% (2022) images. However,
good accuracy agreement is found for Landsat data, which includes 90% and 83.13% kappa
values. Thus, user and producer accuracy are also significant for all the datasets (Table 3).
However, sentinel data of 2016 and 2022 provides higher accuracy compared with Landsat
imageries.

4.2 LULC dynamics and urban expansion

The four classes of LULC show significant changes, particularly for built-up areas in both spatial
and temporal illustrations (Fig 4 and Table 4). The existence of the university is continuing
since 2010. For this reason, from the beginning of 2000 to 2010 gradual increase in urban
expansion is noticed, including >49 sq. km to >61 sq. km (Figs 4, 5 and Table 4). However,
after the establishment of the university, rapid growth in the urban area is expanded from 2010
to 2016 of 8% to 17%, respectively. Therefore, it continues for 2022, includes of 38% extended
urban areas. On the other hand, vegetation cover is significantly declined among different clas-
ses of LULC, indicating a 34% (2010) to 8% (2022) reduction. A fluctuating rise and fall is
observed for waterbody from 2000 to 2016, but finally, it was found to be declined in 2022
(Table 4). Similarly, grassland also dropped at 53% (2022) from 56% in 2010 to 75% in 2000.
The trend and spatial variation of the LULC indicates the dominance of grassland before the

Producer Accuracy (%) Kappa Statistics (%)
BA WB VG GL BA
85 81.82 100 87.5 80.95 100 90
80.00 80.00 85.00 87.50 80.00 80.00 83.13
90.00 92.50 100.00 89.47 100.00 88.72 94.25
97.50 98.50 100.00 95.47 100.00 100.00 97.50
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Fig 4. Spatial dynamics of LULC and urban expansion. (Source: author’s own generated map, datasets of this map are obtained from a
publicly and freely available site of United State Geological Survey (USGS), ref: www.usgs.gov).

https://doi.org/10.1371/journal.pone.0302362.9004

establishment of BRUR 5.55 sq. km. in 2000 (Figs 4 and 5). Conversely, an extensive decline of
grassland (>4 km?) and vegetated land (>2.50 km?) started after the university’s establishment
in 2010 and reached its highest peak in 2022 of >3.80 and >.50 km? (Fig 2). Hence the urban
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Table 4. Temporal dynamics of LULC and urban expansion.

LULC Y2000 Y2010 Y2016 Y2022

sq.km % sq.km % sq.km % sq.km %
WB 0.1125 1.541117 0.0621 0.850697 0.0877 1.201699 0.0191 0.261716
VG 1.1457 15.69474 2.529 34.64431 1.4996 20.54810 0.5931 8.126884
GL 5.5449 75.95857 4.095 56.09666 3.6719 50.31378 3.8991 53.42697
BA 0.4968 6.805573 0.6138 8.408334 2.0388 27.93642 2.7867 38.18443

https://doi.org/10.1371/journal.pone.0302362.1004

area is found in a significant upward trend from 2010(>.60 km?) to 2022(>2.75 km?), which
proves the influence of urban expansion caused by the university (Figs 4 and 5).

4.3 Temporal urban transition

The transition assessment provides the scenario of land conversion from one class to another.
Significant urban expansion is noticed for all the transition periods of 2000-2022, 2010-2022,
2016-2022 (Table 5). Therefore, less conversion area is found from the water body to built-up
area of 0.0126, 0.0081 and 0.0132 km” for the period of 2000-2022, 2010-2022 and 2016-2022
respectively. However, extensive conversion of LULC class into urban land is found for grass-
land and vegetated area. It includes 0.0441, 0.4257, and 0.4655 km” for vegetated land and
0.3924, 0.6084 and 1.0480 km” for grassland transition for three different periods. Moreover,
heavy conversion of grassland and vegetated land is observed for the period of 2016-2021. In
contrast, this noticeable urban area is converted into grassland for 2016-2022 of 0.75 km?.
Unlikely built-up area other LULC classes conversion is not significant except grassland con-
version into the vegetation of 1.60 km” for 2000-2022.

4.4 Prediction

The transitional classes of landforms are categorized through Markov transitional matrix from
2000-2022 for three different periods (Table 6). Therefore, the value of the matrix periods

LULC statistics from 2000 to 2022

Y2000
6
5
4
3
2 =@=\Vater Body
! ==@= (Grassland
Y2022 Y2010
Vegetation
«=@==Built-up Area
Y2016

Fig 5. Trend of LULC dynamics.
https://doi.org/10.1371/journal.pone.0302362.g005
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Table 5. Comparative assessment of urban temporal dynamics with different LULC classes.

Land Conversion Change Transition 2000-2022
Land Converted Into Water Body Grassland to Water Body 0.0162
Vegetation to Water Body 0.0018
Built-up Area to Water Body 0.0117
Land Converted Into Grassland Water Body to Grassland 0.0351
Vegetation to Grassland 0.2439
Built-up Area to Grassland 0.2736
Land Converted Into Vegetation Water Body to Vegetation 0.0324
Grassland to Vegetation 1.5939
Built-up Area to Vegetation 0.0468
Land Converted Into Built-up Area Water Body to Built-up Area 0.0126
Grassland to Built-up Area 0.3924
Vegetation to Built-up Area 0.0441

https://doi.org/10.1371/journal.pone.0302362.t005

2010-2022
00

00

00
0.002700
0.1764
0.0297
00
0.0252
00
0.0081
0.6084
0.4257

2016-2022
0.004800
0.000100
0.000600
0.057100
0.7889
0.7481
0.0038
0.3141
0.0301
0.0132
1.0480
0.4655

varies from 0 to 1. In addition, it describes the probability that LULC classes will change to
another category. A significant transition probability is found from all the classes to the built-
up area for all the periods, especially from water body to built-up area of 0.73 and 0.71 proba-
bility for 2000-2022 and 2010-2022, respectively. After the built-up area highest possibility of
transition is noticed for grassland for all the period. Therefore, a substantial positive probabil-
ity is observed for 2016-2022 period from waterbody and vegetation to grassland, including
0.53 and 0.51 likelihood. However, two class of LULC is found in less agreement for transition:
waterbody and vegetation. Thus, the lowest transition probability includes all the LULC classes

to water bodies for all the periods (Table 6).

The urban expansion and other LULC classes were predicted for 2042 (Table 7 and Fig 6).
Therefore, in facilitating this projection, a comprehensive land use change map has been com-
piled and is provided as Table A in S1 File for more detailed analysis and reference. Further-
more, the only positive upward trend is noticed for urban expansion includes 4.7% compared
with the 2022 change percentage. However, nearly the same decline of vegetation and grass-
land will be formed for the 2042 year of >-2%. Likewise, the decline of the water body will
remain in 2042, of 0.16%. These findings clearly explain urban areas will be extended, followed

Table 6. Transitional probability matrix.

LULC Period
Water Body Vegetation

From Water Body 00-22

10-22

16-22

Vegetation 00-22

10-22

16-22

Grassland 00-22

10-22

16-22

Built-up Area  00-22

10-22

16-22

https://doi.org/10.1371/journal.pone.0302362.t006

To
Grassland
0.0000 0.0000
0.0000 0.0066
0.0021 0.0653
0.0000 0.0229
0.0000 0.0095
0.0010 0.0617
0.0000 0.0215
0.0000 0.0090
0.0010 0.0622
0.0000 0.0685
0.0000 0.0081
0.0009 0.0566

Built-up Area

0.2652
0.2823
0.5264
0.2758
0.2818
0.5142
0.2843
0.2819
0.5058
0.2544
0.2818
0.5017

0.7348
0.7111
0.4062
0.7013
0.7087
0.4231
0.6941
0.7091
0.4211
0.6770
0.7101
0.4408
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Table 7. Prediction of urban expansion includes annual dynamics of area and percentage.

LULC 2022(area) % 2042(area) % Change in area (km) Change %
Water Body 0.0191 0.26 0.0071 0.10 0.012 -0.16
Vegetation 0.5931 8.13 0.4371 5.99 -0.156 -2.14
Grassland 3.8991 53.43 3.7241 51.03 -0.175 -2.4
Built-up Areas 2.7867 38.18 3.1297 42.88 0.343 4.7

https://doi.org/10.1371/journal.pone.0302362.t007

by the declination of vegetation and grassland. The spatial visualization also follows the trend
of urban expansion in all areas except some grassland in its west part (Fig 6). Hence, the out-
come of the urban expansion probability and present changes is validated by (Tables 4-7).

4.5 Driving factors of university-induced urban expansion

The perception of the respondents regarding the drivers of urban expansion captured by using
three scale Likert ranging from 1 to 3 which is presented in Table 8. This assessment is done
for figuring the most to less preferred reasons behind the adoption of urban expansion. Most
of the respondents (likely 53) with PI of 169 agreed that they adopted urban expansion or their
motive for movement towards urban expansion is the establishment of a university in that
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Fig 6. Present and projected spatial dynamics of LULC and urban expansion. (Source: author’s own generated map, datasets of this map
are obtained from a publicly and freely available site of United State Geological Survey (USGS), ref: www.usgs.gov).

https://doi.org/10.1371/journal.pone.0302362.g006
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Table 8. Perception of the respondents regarding the urban expansion due to university.

SL. No. Statements Nature of opinion Perception Index Rank
Agree Disagree Neutral
1. Establishment of the university so that you can rent your house 53 0 5 169 1
2. Open new business hub based on varsity 32 10 16 138 3
3. Low price of land 19 24 15 111 7
4. Coaching business based on varsity 11 13 34 127 6
5. Location is near main town 45 5 8 156 2
6. Easy accessibility of health facilities 09 36 13 71 8
7. Transportation facilities 29 15 14 130 5
8 Education facilities 29 11 18 134 4

Source: Authors own calculation from field survey, 2022

https://doi.org/10.1371/journal.pone.0302362.t008

locality. This is because they can rent their house to staffs, students and teachers of that univer-
sity which generates an additional source of income for them. This can’t be ignored. The sec-
ond important reason for the urban expansion in the study areas is the closest distance of town
or local market for the urban expansion. This is another influential factor for urban expansion.
The third influential determinant for driving people towards urban expansion is the openness
of new business based on the university in the study areas, which is signified by PI of 138 and
agreed by about 32. Educational facilities provided by the university ranked as 4™, expansion
of transportation facilities or mode of communication ranked as 5, the openness of coaching
business based on varsity, including the openness of private coaching, tuition and other infor-
mal paid educational facilities ranked as 6™, lower price of land prevailing in the study areas
for attracting investors ranked as 7™ and easy accessibility of health facilities provided by both
the local private medical clinic, hospitals and the governmental hospital ranked as 8" as the
influential drivers of the urban expansion in that study areas.

4.5.1 Estimated result of probit model. Table 9 represents the outcome of the Probit
model as the key determinant of the urban expansion in the study areas on average. Pseudo r-
squared implies the goodness of fit for that model prevailing the study. Chi-square at 1% sig-
nificant level reflects that the model is jointly highly capable of estimating the variables on
average.

In the Probit model, age and educational qualification as socio-economic variables held by
the respondent, land ownership pattern held by the respondent, monthly income of the
respondent, and distance of the household from the university area are found as the significant
drivers of the urban expansion of the study areas. Likewise, the marginal effect model also cap-
tures the result in the right panel of Table 9. The marginal effect model shows strong relation
of income level, the establishment areas of the university closer to the household, distance
from the railway, distance from highway road and distance from the nearest hospital with the
urban expansion on average. In addition, the multicollinearity test of the nine variables was
checked by the variance inflation factor (VIF) shown in Table Al. It has been seen that all the
estimated result of the nine variables and the mean VIF is lower than enough to be stated as
free from multicollinearity problem.

4.5.2 Marginal effect model. The second portion (Right side) of Table 9 portrays the
result of the marginal effect of all the variables included in the study model. Basically, marginal
effect model shows small response due to the change of explanatory variables with delta
method. The bulkiest effect was crooked for a distance of the household from the university,
railway, highway and hospital outlawed by the educational status of the household, land
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Table 9. Estimated result of probit model.

Variables

Age

Education

Land ownership
Income

Credit access

Distance from the university
Distance from Highway
Distance from Railway
Distance from hospital
Constant

Extra Statistics

Pseudo r-squared
Chi-square

Prob > chi2

Number of obs.

Probit model analysis Marginal Effect Analysis
Coefficients t-value p-value dy/dx t-value p-value
0.176* 1.74 0.082 0.018"* 1.980 0.048
(0.101) (0.009)
0.261 0.48 0.639 0.026 0.480 0.630
(0.546) (0.054)
0.125* 2.11 0.089 0.012%** 2.730 0.006
(0.059) (0.005)
5.710%* 3.27 0.024 0.570*** 5.790 0.000
(1.748) (0.098)
2.760* 1.85 0.065 0.276** 2.030 0.042
(1.496) (0.136)
-0.459** -2.06 0.04 -0.046™* -2.360 0.018
(0.223) (0.019)
-0.662* -1.76 0.079 -0.066** -1.950 0.051
(0.376) (0.034)
-1.752* -1.88 0.061 -0.175** -2.100 0.036
(0.933) (0.083)
-3.120%* -2.02 0.043 -0.311** -2.300 0.021
(1.543) (0.135)
-61.883*** (18.50) -3.34 0.001
00.742
60.489
00.000
60.000

ss in the parenthesis indicate standard errors; Asterisks refer *** p<0.01

** p<0.05
*p<o.l

https://doi.org/10.1371/journal.pone.0302362.t009

ownership and income of the household. Moreover, the larger distance of the household living
place from the university area echoes decreases urban expansion by 0.046, which is statistically
highly significant (p<0.05). Similarly, an increase in age by one year decreased the urban
expansion by 1.8% on average. This is also significant at 5% level. This may be because aged
persons are more interested in urban expansion than the youth. In the case of income, a posi-
tive association has been identified in this study which implies that a 1% increase in the level of
household income causes to increase in the urban expansion by 57% which is significant at 1%
level and cannot be ignored. Therefore, a higher level of income has a crucial effect on urban
growth. It can be concluded that areas with a larger number of high incomes have a higher rate
of urban growth than those with a lower number of high-income groups.

Similarly, land ownership positively affects urban expansion, notifying that if the land own-
ership in decimals increases by 1%, it may lead to a 1.2% increase in the urban expansion in
the study areas on average which is also statistically significant (p<0.10). Additionally, credit
access also has a significant (p<0.05) positive influence on the urban growth on average cap-
tured by 27.6%. This may be because people with higher credit facility have higher possibility
to invest more on the urban expansion. This is identified as another crucial factor. Geographi-
cal factors such as distance from the nearest highway are negatively associated with urban
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expansion, which is statistically significant (p<0.05). An increase in the study area distance
from highway roads leads a reduction of urban growth by 0.066. Likewise, an increasing dis-
tance from the railway leads to 17.5% (p<0.05) decrease in urban expansion, and a larger dis-
tance from the hospital causes 31.1% (p<0.05) reductions in urban growth as a whole.

5. Discussion

Our study employed a comprehensive approach to evaluate the present urban expansion sce-
nario in Rangpur, utilizing Landsat and Sentinel satellite images. We observed significant
accuracy in the performance of Sentinel imagery over Landsat, consistent with findings by
[68-70]. However, our use of Landsat 8 for the years 2000 and 2010 also demonstrated notable
accuracy, as confirmed by Chowdhury et al. and Rahman et al. [18, 71]. In future studies, we
aim to preferentially utilize Sentinel images. We employed Probit and Perception Index analy-
ses to uncover significant results about the driving forces of urban expansion, which might
encourage the combined future use of these models. We noticed an increase in urban expan-
sion following the establishment of the university, likely driven by the housing needs of over
7000 students across 22 departments [72]. The university’s presence has supported the devel-
opment of various facilities and businesses, substantially validating our findings of urban
expansion and the loss of vegetation and grassland. This phenomenon of university-influenced
urban expansion echoes findings from similar studies in Turkey [73].

Our study also revealed that temporal transitions led to a reduction in vegetated areas while
urban areas expanded, a trend supported by Kafy et al. and Roy et al. [44, 34]. Our prediction
models suggest a dominant increase in built-up areas and a decline in grasslands by 2042,
aligning with recent studies by Rahman et al. and Hasnahena et al. [18, 74]. Root causes of this
urban sprawl, such as road transportation development and changes in land value, are consis-
tent with findings by Harvey & Clark and Sudhira et al. [75, 76]. We assessed the drivers of
urban expansion due to the university establishment and found that its location, along with
proximity to the Central Business District and new business opportunities, were key influen-
cers, as also noted by Xu et al. and Ollé & Marsal [77, 78].

Our econometric analysis using dummy variables and the Perception Index identified
socio-economic and geographic factors as significant drivers of urban expansion, echoing
findings from Huang et al. and Xu et al. [77, 79]. The study confirms that urban areas in Rang-
pur diminished with increasing distance from the university, a trend consistent with Quan &
Tian and several studies emphasizing economic factors as primary influencers of urban expan-
sion [77, 80-82]. However, geographical drivers such as proximity to the university or CBD
had a larger impact than economic forces, aligning with the findings of Sarkar & Chouhan
[53]. Our findings underscore the importance of location and education level in urban growth,
highlighting the need for planned urban development and strategic policy formulation for
future university establishments in Bangladesh.

The FGD and KII finding showed that establishment of universities correlated with a
noticeable demand for housing and infrastructure. While participants acknowledged improve-
ments, they also discussed challenges related to the rapid pace of development, particularly in
terms of housing availability and affordability.

Our research on the impact of BRUR on urbanization reveals several unintended conse-
quences. Key among these is the alteration of the housing market, where increased demand
has escalated rental prices, benefiting property owners but potentially disadvantaging local res-
idents. Additionally, the local economy is undergoing significant shifts, with new businesses
emerging to cater to the university community, which might sideline traditional local enter-
prises. Another crucial side-effect is the strain on existing infrastructure, including roads and
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public services, resulting from rapid urban expansion and population increase. This is accom-
panied by environmental impacts, such as reduced green spaces and increased pollution, and
changes in social dynamics within the community.

These side-effects, while highlighted in the context of BRUR and Rangpur, are reflective of
common trends observed in areas experiencing university-led urbanization. The aim of our
study is not just to document these effects but to provide a nuanced understanding that can
inform policy and planning. Acknowledging these side-effects is essential for developing com-
prehensive strategies that balance the positive aspects of university-induced development with
measures to mitigate its less desirable consequences. Our findings are thus significant for their
contribution to a more holistic approach to urban planning and policy formulation in the con-
text of emerging urban centers in developing countries.

Our research provides a comprehensive analysis of the socio-economic and geographical
distribution of university-induced urban development, as well as its driving forces and future
variability. Therefore, the possible implications from this study could be the planned university
establishment to contribute city development. Additionally, a policy may formulate based on
the findings of future urban expansion and deriving factors. Consequently, a strategy for
proper land utilization may be devised based on socio-economic perceptions and urban
expansion outcomes. The limitation of the study includes only one university induced urban
area is selected. Additionally, several universities from different district could bring different
urban growth scenario and future changes.

5.1 Policy implications

The establishment of a university, particularly in a rural area, has the potential to provide sev-
eral benefits to the local community. Some of the ways a university like this could improve the
quality of life in rural areas. The presence of a university in a rural area can increase local resi-
dents’ access to higher education, which can lead to better career opportunities and higher-
paying jobs. This, in turn, can help to alleviate poverty and boost economic growth in the
region. A university’s presence can also attract businesses and investment to the area because
it provides a pool of talented graduates who can be hired by local businesses. This can help to
create new jobs and stimulate local economic growth. Furthermore, universities are frequently
centres for research and development, which can aid in identifying and addressing local chal-
lenges and issues. A university in a rural area, for example, could conduct research on local
agriculture or environmental issues and develop solutions to these issues. It is important to
note, however, that the establishment of a university is not sufficient to ensure rural develop-
ment. To facilitate easy access to the university and economic growth in the region, the gov-
ernment must also invest in infrastructure such as roads, transportation, and communication
facilities. Furthermore, the government must ensure that the university is well-resourced and
staffed with qualified educators in order to provide students with a high-quality education.

The rural university can also address urbanization challenges by focusing on issues such as
urban-rural linkages, rural-urban migration, and the integration of rural and urban econo-
mies. For example, the university could conduct research on the effects of urbanization on
rural communities and develop strategies to promote more balanced regional development. It
can also provide education and training programs that help to develop urban-rural linkages,
such as programs on sustainable urban agriculture, rural-urban entrepreneurship, and rural-
urban planning.

Through outreach programs, community service, and partnerships, a rural university can
engage with local communities. The university can help to build trust and strong relationships
by collaborating closely with rural communities. This can help to foster a more collaborative
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approach to rural development and ensure that rural residents’ needs are met. In summary,
the rural-based university can play an important role in improving rural development by pro-
viding education, research, innovation, and community engagement that directly address the
needs and challenges of rural communities.

6. Conclusion

In conclusion, this study has undertaken a comprehensive analysis of university-induced
urban growth, employing a multi-faceted approach that includes the CA-MC model, FGD,
KII, and questionnaire survey techniques. By concurrently utilizing the Probit and Perception
Index methodologies, as well as introducing the CAMC model for urbanization projections,
the research has successfully identified and predicted the factors driving urban expansion
resulting from the establishment of a university.

The findings indicate a 1.6% urban growth rate within ten years of university establishment,
accelerating to 29.78% after another ten years, with a sustained urban growth rate projected at
4.7% by 2042. The study also identified high demand for rental housing as a key driver of
urban expansion, supported by the Probit model, which highlighted strong economic capabil-
ity, proximity to essential facilities, and easy access to credit as vital factors. However, the
probit model has a limitation that this does not consider the impact analysis of the water bod-
ies (in distance), that is why this paves the ways for future study scope in broad concept.

Noteworthy implications for urban and regional planning and management arise from the
study’s predictions, particularly the decline in grassland and corresponding increase in built-
up areas. The work contributes substantially to the understanding of how universities impact
urban expansion, providing valuable insights for decision-makers involved in sustainable
urban development, land management, and the planning of new university campuses.

The paper demonstrates a robust methodology by employing a multi-faceted approach that
includes the CA-MC model, Focus Group Discussions (FGD), Key Informant Interviews
(KII), and questionnaire survey techniques. This triangulation of methods enhances the accu-
racy and depth of the findings, providing a comprehensive understanding of the factors influ-
encing urban growth following the establishment of universities.

However, an important consideration is the contextual specificity of the study’s conclu-
sions, primarily centered on the unique socio-economic and cultural landscape of Bangladesh.
While this contextual depth strengthens the internal validity of the research within the Bangla-
deshi context, it introduces a potential limitation in terms of generalizability to other regions
or countries. It is crucial for readers and policymakers to recognize this limitation, under-
standing that the study’s insights may not universally apply to different settings.

Looking ahead, future research endeavours should consider conducting comparative stud-
ies across diverse regions and countries to assess the generalizability of these findings. More-
over, exploring the long-term effects of university-induced urban growth and its broader
implications for social, economic, and environmental aspects will provide a more comprehen-
sive understanding of this complex phenomenon. Incorporating advanced techniques such as
remote sensing data and sophisticated modeling methods can further enhance the precision of
urbanTop of Form.
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