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to most cities with growing economies, and not the result 
of becoming a mega-industrial region. The land use trans-
formation at the regional level and the city’s periphery has 
catastrophic repercussions because of massive resettlement 
and depeasantization.
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1  Introduction

Shrinking cities might be a new phenomenon for countries 
of the global South. Whether a city is expanding or shrinking 
can be determined by its three primary functions: a center 
of gathering, transport, and commerce [1]. Cities have his-
torically benefited from their hinterland areas due to their 
pivotal position in the aforementioned three functions. The 
failure of shrinking cities to attract mobile capital for invest-
ment weakens their economic bases and results in capital 
outflows [2]. The literature on shrinking core areas and sub-
sequent city regeneration documents it predominantly as a 
western country phenomenon resulting from suburbaniza-
tion, deindustrialization and an aging population [3]. How-
ever, there is little understanding of how shrinking cities 
might be phenomena for the global south.

It is anticipated that the bulk of relatively new megaci-
ties will be located in the global south [4]. In addition, the 
number of cities with 1 to 5 million population (or secondary 
cities) nearly doubled between 1990 and 2018 [5]. These 
statistics grossly underestimate the underlying geographical 
growth dynamics of urban areas. Roughly defined admin-
istrative boundaries are an inadequate indicator of both 
spatial expansion and population distribution, resulting in 

Abstract  A mega-industrial region is frequently the result 
of purposeful regional development policies. Mega-region 
development is a new form of rapid urbanization and eco-
nomic growth that is stimulated by government infrastruc-
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how the core built-up area and population growth of Khulna 
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a result of mega-regionalization. We describe the spatial 
transformation of the city using GIS and remote sensing 
for built-up area identification and two urban expansion 
indices–expansion intensity index and urban expansion dif-
ferentiation index–for quantitative measurements. The find-
ings indicate that the city’s periphery is seeing a higher rate 
of land use change and population agglomeration than the 
core. Secondly, the development hotspots are located in the 
peripheral regions. This change is largely fuelled by con-
ventional speculative land and housing development similar 
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a significant misrepresentation of metropolitan areas [4]. 
Several earlier studies identify urban expansion via periph-
eral (informal) sub-division [6] and new town development 
for the upper-income class as a form of social segregation 
[7, 8]. Recent research (e.g., [9] identifies socioeconomic 
characteristics and proximity to megacities as the primary 
drivers of city region expansion.

Aguilár & Ward [10] identified three primary transfor-
mation phases in their thorough examination of mega-city 
transformation. First, the integration of megacities into a 
global network of cities and their transformation into com-
mand and control centers for production and finance rather 
than production centers [11]. Second, due to the globali-
zation of economic processes and information flows, the 
physical, cultural, and economic structure of the megaci-
ties of the global south will resemble that of the "world cit-
ies" or "global cities" of the global north [12, 13]. Thirdly, 
the urban growth rates of megacities continue to deceler-
ate, while nearby and peripheral municipalities experience 
rapid growth, transforming them into polycentric city region 
structures. Thus, a complex megalopolis has resulted from a 
diffused urban growth, which encompasses peripheral towns 
and metropolitan centers.

As mega-regions differ in spatial and socio-economical 
characteristics, there is no universal theory to describe the 
transformation and restructuring processes [10], and it can-
not be regarded as a continuation of the North Atlantic 
urban transformation process [14]. However, no study to our 
knowledge indicates the trend of secondary city’s shrinking 
core in the global south. Our discussion is predicated on 
a clear distinction between secondary and subordinate cit-
ies. By secondary city, we refer to urban areas beyond the 
primate city region’s influence, despite the fact that its com-
mand and control functions cannot be ignored. By subordi-
nate cities, we refer to urban agglomerations located within 
vast mega-regions, i.e. a polycentric mega-city structure (see 
for example, [10, 15]).

In this research, we describe the case of Khulna, the third 
largest secondary urban agglomeration in Bangladesh. The 
city is in the process of becoming a mega-region, mostly as a 
result of various government infrastructure investment initia-
tives. We investigate how regional infrastructure initiatives 
are meant to build a spatially interconnected polycentric 
regional structure, in which Khulna will serve as a com-
mand and control center and become a global city. The real 
scientific contribution of the research is that it explains the 
transformation process of the secondary city of a develop-
ing country, Bangladesh. The country is striving for rapid 
urbanization as well as economic development. In this pro-
cess, how government-led infrastructure can play a pivotal 
role in expanding the peri-urban areas, and consequently, 
shrink the core urban areas is the subject matter of this 
research. We refrain from predicting the success or failure 

of the mega-region formation and focus on the transforma-
tion of the city’s built-up area.

The purpose of this study is to determine how peripheral 
land is being transformed in comparison to urban cores. In 
doing so, we determine whether the built-up area increase in 
the periphery suffices the urban core, so providing an early 
indication that the core city is shrinking. In general, there 
are three types of urban expansion: infilling, expanding, and 
outlying [16]. The term ’infilling’ refers to the intensification 
of the current urban region, whereas ’expanding’ typically 
refers to peri-urbanization and lateral physical development, 
frequently in the form of urban sprawl that encompasses 
adjacent small urban agglomerations. The term "outlying" 
refers to the formation of a new urban entity that is con-
nected (through communication infrastructure) but admin-
istratively and spatially distinct from the mother metropo-
lis. The peripheral areas of the cities of growing economies 
expand uncontrollably, and publicly available statistics are 
unreliable [9]. Geographic Information Systems and Remote 
Sensing provide a raster-based measure of land use and 
land cover change (LULC). We employ two distinct indi-
ces of urban land changes by focusing largely on built-up 
area development, which corresponds to the infilling and 
extending spatial transformation of Khulna city. The real 
contribution brought in by this research is that it explores the 
diversity of urban expansion of secondary cities of growing 
economies. Additionally, this research explains that cities of 
the global south might also follow the shrinking nature of 
the cities of the global north.

2 � Literature review

Until the 1970s, it was believed that internal city structures 
were monocentric [17]. The monocentric urban model is 
conceptualized as a decreasing average urban density with 
distance from city centers, where residential regions sur-
round employment and business centers located at the city’s 
core. Typically referred to as the "core-periphery" paradigm, 
it represents an employment structure centered on manufac-
turing and material services. The increasing disintegration 
of monocentric city structure is a result of the expansion 
of transportation networks and the enhancement of com-
munication technology. Low-cost transportation enables 
individuals to overcome spatial barriers, reorganizing urban 
economic activity and resulting in social and demographic 
dispersion from the urban core to economically beneficial 
nodes, i.e. suburbs and new towns [18].

Deng et al. [18] identified both centripetal and centrifugal 
forces of greater accessibility to transportation. The centrip-
etal forces have agglomeration effects by raising the relative 
attractiveness of a particular urban region for households and 
businesses to locate [19]. Therefore, the urban population 
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grows as a result of the enhanced transport network, which 
expands opportunities for labor mobility and employment.

Second, increased mobility can disperse economic 
activities across several regions by means of an integrated 
and geographically interconnected infrastructure network. 
Through inter-sectoral spillovers across different industrial 
sectors [20, 21], a more balanced form of urbanization may 
develop. In China, interconnected polycentric urban agglom-
erations are actively promoted and regarded as a scientific 
urban layout. In reference to the Yangtze River Delta (YRD), 
Li & Wang [15] highlighted Beijing’s role as the functional 
center of the YRD mega-region, where subordinate cities are 
woven into an internal network. These networked urbaniza-
tions are determined by historical and geographical circum-
stances. Lastly, an upgraded transport network might have 
a siphoning effect that can increase the relative desirability 
of areas, so dispersing economic activities over a region.

Thus, theoretical stretching indicates an approach-
ing urban transition from monocentrism to polycentrism. 
Polycentricity merely refers to the presence of many compet-
ing centers of comparable importance inside a single metro-
politan unit [22]. However, conceptualizing polycentricity 
is complex since it varies according to scale, i.e. intra-urban 
and inter-urban polycentricity. The majority (95 percent) 
of the world’s cities are monocentric [23]. Additionally, a 
steady centrifugal expansion tendency was observed among 
the wealthier and more populous cities, as well as the cit-
ies with less expensive transportation and agricultural land. 
Different viewpoints on polycentricity have been examined, 
including labor productivity, industrial sub-urbanization and 
administrative decentralization [22].

One of the most significant effects of enhanced transport 
networks is the siphoning effect, which results in the con-
traction of large cities. ’Shrinking cities’ is a metaphor for 
the demographic and economic decline of cities [24, 25]. 
Due to the inadequacy of population decline as an indicator 
of shrinking cities, and the lack of socio-economic data over 
constantly shifting urban administrative boundaries [18], 
alternative methods must be developed for measuring the 
spatio-temporal transformation of cities. We used satellite 
image analysis to measure the spatio-temporal transforma-
tion of the Khulna city region on a spatial scale. Addition-
ally, we measure the distribution of population and built-up 
area increase at the city region scale.

3 � Materials and methods

3.1 � Study area

Khulna is one of Bangladesh’s eight divisions (first tier 
administrative unit) (Fig. 1). As a divisional city, it serves as 
a regional and tertiary administrative, political, educational, 

and economic hub for ten districts (second tier administra-
tive unit). The city provides economic prospects for people 
and serves as an engine for the hinterland’s growth, a source 
of informal and seasonal employment, and a destination for 
climate migrants.

Successive governments have invested in transforming 
Khulna into an industrial center in order to capitalize on the 
city’s advantageous geographical position. Jute and paper 
mills were the two largest industrial sectors, but they were 
unable to sustain industrial supremacy due to falling jute 
prices in the international market and a national economic 
shift toward the readymade garments and shrimp process-
ing industries. In addition, governments aggressively subsi-
dized the industries, which proved futile for their long-term 
viability. During the 1980s and 1990s, structural adjustment 
measures reduced government subsidies for the industrial 
sector, leading to massive layoffs and the closure of several 
jute companies [26].

Government-led stimulus projects involving infrastruc-
ture, export processing zones, utility facilities, power plants, 
tourism, and cross-border connectivity with India will have 
a significant impact on the city’s future economy (Fig. 1 
and Table 1). Modernization of Mongla port, reduced travel 
time to Dhaka via Padma Bridge, cross-border rail and road 
connectivity with Kolkata, India, and connection with the 
Asian Highway, gas supply, and dedicated export processing 
zones–these are expected to provide an economic boost to 
the south-western region of the country, including Khulna 
city. Gopalgonj, the home district of Prime Minister Sheikh 
Hasina, is located at a crossroads, supporting the govern-
ment’s guarantee of investment in the region (Fig. 2).

The study area is comprised of Khulna city and its sur-
rounding areas, totaling to 500.86 km2 (Fig. 3). Poly-cent-
ers (e.g., satellite and dormitory towns) are often located 
30–60 km from the metropolitan city limits [10]. Given the 
small size of the city, inclusion of neighboring upazilas (the 
third and lowest tier administrative unit) suffices to illus-
trate the peripheral suburbanization of Khulna. The area of 
the Khulna City Corporation is 50.61 km2. The city con-
sists of 31 wards and 200 villages with a total population 
of 663,342. The population of the Statistical Metropolitan 
Area (SMA) is 1.05 million [27]. The study contains eleven 
upazilas along with the city area. The city is situated at the 
junction of the Rupsha and Vairab rivers and is laid out 
along the Vairab.

3.2 � Urban growth/shrinkage framework

Following Acheampong et al. [28], we employ two indices 
to compare urban expansion in the core versus the periphery 
from 1991 to 2001, 2001 to 2011, and 2011 to 2021. First, 
the urban expansion intensity index (UEII) is computed for 
the built-up area (Eq. 1).
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Fig. 1   Khulna city region and infrastructure projects  (Source: Adapted from BEZA, 2020 and Authors, 2022)
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index (UEDI). It is the ratio of a given area’s urban expan-
sion rate to the urban expansion rate of the studied region 
(Eq. 2). UEDI is a comparative measure of urban expan-
sion between different geographical units that is espe-
cially effective for analyzing regional urban development 
and measuring development hotspots [28].
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3.3 � Data

To investigate the spatiotemporal dynamics of urban regions, 
a set of satellite images spanning four decades (1991, 2001, 
2011 and 2021) were collected. Land use/land cover (LULC) 
change was evaluated across the study area using Google 
Earth Engine images of pre-processed Landsat imagery. It 
provides online access to a USGS collection of archived 
Landsat data [47]. To avoid confusion regarding farmland 
and barren soil, or geographical expansion/reduction of 
water body area [31, 32], all satellite images were captured 
in the same month, between January 1 and January 31. The 
first three images (1991, 2001, and 2011) were extracted 
from the USGS Landsat 5 Surface Reflectance Tier 1 image 
collection of Google Earth Engine, while the 2021 image 
was extracted from the USGS Landsat 8 Surface Reflectance 
Tier 1 image collection. Each image has a spatial resolution 
of 30 m. The images with the least amount of cloud cover 
and atmospherically corrected sceneries were utilized as 
the major input data [32]. In addition, socioeconomic and 
administrative data on the Khulna city and its surrounding 
upazilas are compiled from Bangladesh Bureau of Statistics 
(BBS) and other secondary sources.

3.4 � Image classification and accuracy assessments

The image classification process was done using the Google 
Earth Engine Java Script API. Thereafter, classified images 
were exported from Google Earth Engine. Then map com-
position and analysis were done in ArcGIS 10.8. Random 
Forest is one of the most extensively used LULC classifica-
tion algorithms for having high accuracy even when applied 
to noisy datasets. Tamiminia et al. [33] reviewed 349 Google 
Earth Engine peer-reviewed articles over the last 10 years 
and showed that the Random Forest algorithm is the most 

Table 1   Economic zones and 
mega projects near Khulna city

*Government to government (G2G) for Indian investors (Source: BEZA, 2020) 

Export processing zones Government mega-projects

Name District Area (acre) Mongla Port modernization

Mongla EZ Bagerhat 205 Padma bridge
Mongla EZ* Bagerhat 110.15 Khulna railway station expansion and con-

nectivity with Kolkata, India
Rampal EZ Bagerhat 300 Khulna Gas distribution company
Sundarban tourism park Bagerhat 1546.35 Dhaka Mongla rail network
Khulna EZ -1 Khulna 519.52 Khulna Water Supply Improvement project
Khulna EZ -2 Khulna 509.64 Rampal Coal Thermal Powerplant
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Fig. 2   Study area
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Fig. 3   Decadal growth of built-up area of Khulna and its peripheral region
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frequently used classification algorithm for satellite imagery. 
Based on the nature of our data and recommendations of 
previous studies, we selected 100 as the number of decision 
trees (ntree = 100), while mtry was set to the default value 
(square root of the total number of features).

More than 400 training points were created each year 
for supervised image classification and accuracy assess-
ment. To train Random Forest, 70% of the data was used 
(a supervised classifier algorithm), and the remaining 30% 
of the training data was used for accuracy assessment [34]. 
Though our main focus is only the built-up area, five LULC 
classes were generated to get a better result. In five LULC 
classes, the built-up area includes all infrastructural areas 
like residential, commercial, transportation, industrial, etc. 
The overall accuracy of the LULC for 1991, 2001, 2011 
and 2021 is 0.887, 0.885, 0.873 and 0.893, respectively. For 
a better understanding of the accuracy of LULC data, see 
the confusion matrix in Table 2 for 1991 and 2021. LULC 
data were exported from Google Earth Engine after accu-
racy assessment. The built-up area was then calculated, and 
respective maps were created.

4 � Results

4.1 � LULC

Figure 3 illustrates the decadal LULC for 1991, 2001, 2011 
and 2021. The built-up areas have gradually expanded over 
time, both within the city and in its outskirts. However, built-
up area expansion consolidated around the city’s southern 
periphery and along the city’s major road and rail facilities 
(Fig. 3). The city’s eastern and northern peripheral regions 
experienced comparatively lower growth in built-up areas 
due to the natural barrier, i.e., the Vairab river.

Figure 4 compares the built-up area growth between the 
city and its peripheral region. Both the city and its periph-
eral regions exhibited a positive growth trend. However, 
while the city’s growth pattern had been relatively stable, 
the peripheral urban regions expanded at a faster rate. Obvi-
ously, the scarcity of available land and the zoning regu-
lations were the significant obstacles to the growth of the 
city’s built-up region. The periphery displayed a trend of 
initial fragmentation followed by consolidation.

Table 2   Confusion matrix for 
LULC

UA = User’s Accuracy; PA = Producer’s Accuracy

LULC Class 1991 2021

1 2 3 4 5 UA PA 1 2 3 4 5 UA PA

Built-up area (1) 29 3 1 0 1 0.87 0.85 29 2 1 0 0 0.82 0.90
Cropland (2) 4 34 2 0 2 00.85 00.80 6 31 0 0 1 0.83 0.81
Vegetation (3) 0 1 32 0 0 0.91 0.96 0 1 31 0 0 0.96 0.96
Bare soil (4) 0 1 0 2 0 1 0.66 0 0 0 1 0 1 1
Water (5) 0 1 0 0 29 0.90 0.96 0 3 0 0 25 0.96 0.89
Overall accuracy 0.887 0.893
Kappa statistics 0.850 0.857

Fig. 4   Decadal growth of 
built-up area of Khulna and its 
peripheral region
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Among the peripheral areas, Batiaghata and Rupsha upa-
zila had the highest built-up area growth, which was mostly 
due to the road connectivity (i.e., Khanjahan Ali Bridge con-
necting Khulna to Dhaka). The city’s linear development 
trend was mostly due to its location along the Vairab river, 
which was also a natural barrier to peripheral expansion in 
the East (i.e., Terokhada and Dighalia).

4.2 � Urban expansion intensity index (UEII) and urban 
expansion differentiation index (UEDI)

Between 1991 and 2001, Khulna city experienced "fast" 
(UEII = 1.64) built-up area expansion intensity (Table 3). 
This growth of built-up areas coincided with the forma-
tion of the Khulna City Corporation in 1991, along with the 
availability of public services and establishment of educa-
tional institutions i.e., Khulna University acted as an incen-
tive for urban agglomeration. Only two peripheral upazilas 
had "medium" built-up area growth intensity and the rest of 
the peripheral areas had "slow" and "low" intensity. During 
the subsequent phase, between 2001 and 2011, Batiaghata 
upazila had "fast" UEII. However, between 2011 and 2021, 
five peripheral upazilas and Khulna city have "fast" UEII. 
Moreover, Daulatpur upazila had a higher intensity index 
(UEII = 3.07) than Khulna city (UEII = 2.04). The rest of 
the upazilas too had higher UEII than the years between 
2001 and 2011.

The UEDI showed that the peripheral areas had higher 
built-up area growth than Khulna city (Fig. 5). The UEDI > 1 
indicates "very fast" built-up area development. The UEDI 
showed no pattern of development among Khulna city and 
its surrounding upazilas; however, the south-western areas 
had a higher trend than the rest. Our analysis, however, did 
not consider the densification of built-up areas.

4.3 � Population agglomeration

The Khulna division had a declining population growth 
trend compared to the overall Bangladesh trend. Moreo-
ver, Khulna district had a negative population growth rate 
between 2001 and 2021 (Fig. 6). At the same time period, 
Khulna city experienced a declining population growth 
trend. The population growth trend has shown a non-sig-
nificant improvement between 2011 and 2021 (forecasted). 
On the contrary, the peripheral areas experienced a declin-
ing but positive population growth trend from 1991 to 2001 
and 2001 to 2011 (no population forecast was available for 
2021). Thus, the peripheral population growth trend was 
significantly higher compared to the city.

5 � Discussion

Bangladesh is urbanizing rapidly in terms of population 
agglomeration. However, population growth rates for both 
Khulna city and Khulna district are negative (see Fig. 6). 
This is an indication that Khulna as a regional city is fail-
ing to attract population. This is, however, opposite to the 
peripheral population growth trend, where both the built-up 
area and the population growth trend are positive. Therefore, 
Khulna city indicates the opposite of the global growth ten-
dency of cities with populations between 1 and 5 million 
[35]. The city’s socio-economic status depicts a dire state. 
For example, unemployment (25.5%), underemployment 
(31.33%) and informal employment (48%) characterize the 
labor market [26, 36]. The incidence of poverty is around 
28 percent, whereas the population below the extreme pov-
erty line is approximately 15 percent [27, 37]. Finally, more 
than half of the total city population–including 520 slums 

Table 3   Urban expansion intensity index and urban expansion differentiation index

Range: 0 -0.28 = Very slow; 0.28 -0.59 = Slow; 0.59–1.05 = Moderate; 1.05–1.92 = Fast; > 1.92 = Very fast

Study area Area Built-up area (sq.km.) Urban expansion intensity index

1991 2001 2011 2021 1991–2001 Remarks 2001–2011 Remarks 2011–2021 Remarks

Khulna City 44.87 11.6 18.96 25.24 34.39 1.64 Fast 1.4 Fast 2.04 Very Fast
Abhaynagar 32.31 0.42 1.58 2.69 3.54 0.36 Slow 0.34 Slow 0.26 Very slow
Batiaghata 90.67 1.11 6.2 17.94 37.69 0.56 Slow 1.29 Fast 2.18 Very fast
Daulatpur 3.24 0.02 0.21 0.32 1.31 0.58 Slow 0.34 Slow 3.07 Very fast
Dighalia 51.47 2.12 4.21 4.75 7.87 0.41 Slow 0.1 Very slow 0.61 Moderate
Dumuria 94.57 0.7 4.07 6.98 15.88 0.36 Slow 0.31 Slow 0.94 Moderate
Fakirhat 19.04 0.86 2.22 2.28 3.13 0.71 Moderate 0.03 Very slow 0.45 Slow
Khan Jahan Ali 24.43 1.06 3.01 3.33 8.06 0.8 Moderate 0.13 Very slow 1.94 Very fast
Phultala 21.19 0.05 0.67 1.11 2.31 0.29 Slow 0.2 Very slow 0.57 Slow
Rupsa 70.15 3.76 7.57 11.59 20.71 0.54 Slow 0.57 Slow 1.3 Fast
Terokhada 48.92 0.54 0.58 2.81 8.85 0.01 Very slow 0.46 Slow 1.23 Fast
Total 500.86 22.24 49.29 79.03 143.7
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of varying sizes and 5,080 settlements, totaling to 57,048 
dwellings and 98,122 households [36]–live in poor com-
munities. These numbers, which can be linked to the city’s 
deteriorating economic status, provide a barrier to Khulna 
becoming a regional global city.

Globalization and related economic processes have trans-
formed historical production centers into command and 
control centers [14]. However, Khulna has lost its historical 

character as a production hub, and the city now aspires 
to become a global city with command and control over 
subordinate metropolitan centers. The infrastructural and 
economic processing zone led development strategy, which 
is comparable to the YRD’s urbanization strategy, is Khul-
na’s attempt to capitalize on its historical and geographi-
cal advantages. Multiple infrastructural projects backed by 
EPZs suggest that Khulna will become the center of the 

Fig. 5   Urban expansion differentiation index
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southwest region. This, however, hinges on the success of 
Khulna’s economic revitalization in attracting investments.

Our data illustrates the slowing urban core and the spatial 
urban expansion in the periphery. Given that the popula-
tion is declining in the city area (see Fig. 4), much of the 
urbanization in the periphery (Fig. 5) is speculative land and 
housing development. The 1993 National Housing Policy 
(updated in 2004 and 2008) marked a substantial change 
from the government’s role as a housing supplier to facilita-
tor of private sector land and housing supply [38]. Because 
of the susceptibility of peripheral areas to land and hous-
ing development [9], ecologically significant lowlands are 
being filled and a speculative land market is driving land 
conversion on the city’s outskirts. Availability of cheap (and 
often agricultural) land is a pre-condition for private land 
and housing development, which is being reflected by the 
shifting urban expansion intensity index (UEII) and urban 
expansion differentiation index (UEDI). As a result, spec-
ulative subdivision can partially explain peripheral urban 
expansion.

The dark side of the infrastructure developments and 
economic zones (EPZs) is the rampant acquisition of pri-
vate agricultural and low-land of ecological significance, 
leading to displacement and depeasantization of the local 
community. For instance, the Padma Multi-purpose Bridge 
has acquired 10.62 km2 of land, affecting over 75,000 people 
in the districts of Madaripur, Munshiganj, and Shariatpur. 
Notably, 83 percent of the project-affected people that lost 
land are smallholders (own less than 33 decimal) [39]. The 
Rampal Power Plant has acquired 7.42 km2 of predominantly 
shrimp ponds in the Rampal upazila of Bagerhat district 
[40]. In addition to the project-related land acquisitions, 
around 300 industrial agglomerations have acquired more 
than 40.47 km2 of village land near the Rampal Power Plant. 

While megaprojects are certain to promote economic growth 
and create jobs in the industrial sector, the expropriation 
of the agricultural poor and the loss of livelihoods due to 
mass eviction are frequently excluded from the development 
narrative.

6 � Conclusion

This paper has presented the slowing core city built-up 
area against the expanding peripheral region of Khulna 
city, Bangladesh. Two indices—the urban expansion inten-
sity index and the urban expansion differentiation index—
are used to quantitatively measure the contrast between 
the core and peripheral built-up areas. Subsequently, the 
difference in population agglomeration between the core 
and peripheral regions is compared. The key finding is 
that the peripheral areas are gaining more built-up areas 
than the core city area. Secondly, Khulna is at a very early 
stage of becoming the center of a mega-region. The case 
is presented from the perspective of a mega-region con-
cept where Khulna is showing early signs of shrinking city 
and is in the process of becoming a center of command 
and control of the subsidiary urban production centers. 
Several interpretations can be made from the study. First, 
the government’s infrastructure-led regional development 
is a strategy for both the mega-region and the revitaliza-
tion of Khulna city. In this process, Khulna is expected to 
become the center of a polycentric mega-region. The pro-
vision of public infrastructure is a catalyst for peripheral 
speculative land conversion, a transition to a sprawling 
mega-city rather than a functionally compact one. Unprec-
edented land conversion, which is constantly shifting in 
pursuit of inexpensive land, and population clustering in 

Fig. 6   Population growth rate 
of Khulna city and peripheral 
regions [27, 41]
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the periphery regions are indicators of a geographically 
megacity. As the city’s economy flourishes, the periphery 
is anticipated to become denser. Depending on Khulna’s 
success in becoming a global city, a discourse is needed to 
address the trade-offs between rapid industrialization and 
land acquisition/resettlement.

The limitation of this study is the use of Landsat images 
with low spatial resolution. High-resolution images, such 
as data from Sentinel-2, can certainly enhance the clas-
sification accuracy. However, high-resolution images for 
the years 1991 and 2001 are not freely available. It is often 
advised to use images of the same sensor and resolution 
for a comparative work. We, therefore, used Landsat data. 
Secondly, the non-random collection of field training data 
(thus introducing spatial bias) is due to budget constraints. 
Finally, defining peripheral areas is difficult as urban 
expansion may follow major arterial roads.

Acknowledgements  We acknowledge Mr. Zaki Arafin, Research 
Assistant at the Department of Urban and Regional Planning, Khulna 
University of Engineering & Technology (KUET) for collecting some 
basic information on Khulna city.

Author’s contribution  MMM (corresponding author) was respon-
sible for the idea, writing and organisation, making final draft and 
submitting the paper. TM and SKS prepared the maps and was respon-
sible for data collection. FYS and AKI were responsible for field work 
and data analysis. SS was responsible for editing, and grammar and 
fact check.

Funding  None.

Declarations 

Conflict of interest  The Authors declare no conflict of interests. All 
information sources are cited and referenced accordingly.

Human and animal rights  This article does not contain any studies 
with human participants or animals performed by any of the authors.

Informed consent  Informed consent was obtained from all indi-
vidual participants included in the study.

Ethical approval  This is to confirm that the paper “Slowing core 
city growth and expanding peripheral region: towards a mega-regional 
formation of Khulna city, Bangladesh” has been submitted to Spatial 
Information Research by the following ethical issues: The manuscript 
has submitted only in this journal and not published in any language 
before. All the data (primary and secondary) and results (image, graph, 
and table) used here was not manipulated. All the data, text, or theo-
ries by others used here have sufficiently are being acknowledged and 
referenced. All authors have consented to submission and publication 
in Spatial Information Research. The authors’ affiliation institution is 
aware about this research and publication, and the research work was 
done under the direct supervision of the institution. This research does 
not deal with any human and animal species. The whole research was 
done on self-funding.

References

	 1.	 Slach, O., Nováček, A., Bosák, V., & Krtička, L. (2020). Mega-
retail-led regeneration in the shrinking city: Panacea or placebo? 
Cities. https://​doi.​org/​10.​1016/j.​cities.​2020.​102799

	 2.	 Silverman, R. M. (2020). Rethinking shrinking cities: Peripheral 
dual cities have arrived. Journal of Urban Affairs, 42, 294–311. 
https://​doi.​org/​10.​1080/​07352​166.​2018.​14482​26

	 3.	 Haase, A., Rink, D., Grossmann, K., et al. (2014). Conceptualizing 
urban shrinkage. Environment and Planning A, 46, 1519–1534. 
https://​doi.​org/​10.​1068/​a46269

	 4.	 Cohen, B. (2006). Urbanization in developing countries: Current 
trends, future projections, and key challenges for sustainability. 
Technology in Society, 28, 63–80. https://​doi.​org/​10.​1016/j.​techs​
oc.​2005.​10.​005

	 5.	 UN-DESA (2018) World Urbanization Prospects
	 6.	 Fekade, W. (2000). Deficits of formal urban land management 

and informal responses under rapid urban growth, an international 
perspective. Habitat International, 24, 127–150. https://​doi.​org/​
10.​1016/​S0197-​3975(99)​00034-X

	 7.	 Firman, T. (2009). The continuity and change in mega-urbani-
zation in Indonesia: A survey of Jakarta-Bandung Region (JBR) 
development. Habitat International, 33, 327–339. https://​doi.​org/​
10.​1016/j.​habit​atint.​2008.​08.​005

	 8.	 Firman, T. (2004). New town development in Jakarta Metropoli-
tan Region: A perspective of spatial segregation. Habitat Inter-
national, 28, 349–368. https://​doi.​org/​10.​1016/​S0197-​3975(03)​
00037-7

	 9.	 de la Luz, H.-F., Otazo-Sánchez, E. M., Galeana-Pizaña, M., et al. 
(2017). Urban driving forces and megacity expansion threats. 
Study case in the Mexico City periphery. Habitat International, 
64, 109–122. https://​doi.​org/​10.​1016/j.​habit​atint.​2017.​04.​004

	10.	 Aguilár, A. G., & Ward, P. M. (2003). Globalization, regional 
development, and mega-city expansion in Latin America: Analyz-
ing Mexico City’s peri-urban hinterland. Cities, 20, 3–21. https://​
doi.​org/​10.​1016/​S0264-​2751(02)​00092-6

	11.	 Moss M, O’Neill H (1991) Reinventing New York: competing in 
the next century’s global economy. Urban Research Center, New 
York University. 

	12.	 Sassen S (2015) Losing control. Sovereignty in the age of globali-
zation. Columbia University Press.

	13.	 Mittelman, J. H. (1995). Rethinking the international division of 
labour in the context of globalisation. Third World Q, 16, 273–
296. https://​doi.​org/​10.​1080/​01436​59955​00361​30

	14.	 Robinson, J., & Roy, A. (2016). Debate on global urbanisms and 
the nature of urban theory. International Journal of Urban and 
Regional Research, 40, 181–186. https://​doi.​org/​10.​1111/​1468-​
2427.​12272

	15.	 Li, W., & Wang, X. (2019). Towards a mega-regional economy: 
A financial geography perspective to understanding Shanghai’s 
role in the Yangtze River Delta integration. Geoforum, 101, 1–9. 
https://​doi.​org/​10.​1016/j.​geofo​rum.​2019.​02.​016

	16.	 Wilson, J. S., Mann, C. L., & Otsuki, T. (2003). Trade facilitation 
and economic development: A new approach to quantifying the 
impact. World Bank Econ Rev, 17, 367–389. https://​doi.​org/​10.​
1093/​wber/​lhg027

	17.	 Albalate, D., Bel, G., & Fageda, X. (2015). Competition and coop-
eration between high-speed rail and air transportation services in 
Europe. Journal of Transport Geography, 42, 166–174. https://​
doi.​org/​10.​1016/j.​jtran​geo.​2014.​07.​003

	18.	 Deng, T., Wang, D., Yang, Y., & Yang, H. (2019). Shrinking cit-
ies in growing China: Did high speed rail further aggravate urban 
shrinkage? Cities, 86, 210–219. https://​doi.​org/​10.​1016/j.​cities.​
2018.​09.​017

https://doi.org/10.1016/j.cities.2020.102799
https://doi.org/10.1080/07352166.2018.1448226
https://doi.org/10.1068/a46269
https://doi.org/10.1016/j.techsoc.2005.10.005
https://doi.org/10.1016/j.techsoc.2005.10.005
https://doi.org/10.1016/S0197-3975(99)00034-X
https://doi.org/10.1016/S0197-3975(99)00034-X
https://doi.org/10.1016/j.habitatint.2008.08.005
https://doi.org/10.1016/j.habitatint.2008.08.005
https://doi.org/10.1016/S0197-3975(03)00037-7
https://doi.org/10.1016/S0197-3975(03)00037-7
https://doi.org/10.1016/j.habitatint.2017.04.004
https://doi.org/10.1016/S0264-2751(02)00092-6
https://doi.org/10.1016/S0264-2751(02)00092-6
https://doi.org/10.1080/01436599550036130
https://doi.org/10.1111/1468-2427.12272
https://doi.org/10.1111/1468-2427.12272
https://doi.org/10.1016/j.geoforum.2019.02.016
https://doi.org/10.1093/wber/lhg027
https://doi.org/10.1093/wber/lhg027
https://doi.org/10.1016/j.jtrangeo.2014.07.003
https://doi.org/10.1016/j.jtrangeo.2014.07.003
https://doi.org/10.1016/j.cities.2018.09.017
https://doi.org/10.1016/j.cities.2018.09.017


677Transformation towards a mega‑regional formation of Khulna city, Bangladesh﻿	

1 3

	19.	 Chatman, D. G., & Noland, R. B. (2011). Do Public transport 
improvements increase agglomeration economies? A review of 
literature and an agenda for research. Transport Reviews, 31, 
725–742.

	20.	 Cohen, J. P. (2010). The broader effects of transportation infra-
structure: Spatial econometrics and productivity approaches. 
Transp Res Part E Logist Transp Rev, 46, 317–326. https://​doi.​
org/​10.​1016/j.​tre.​2009.​11.​003

	21.	 Saskia, S. (2018). Selections from cities in a world economy. In: 
Classic readings in urban planning. Routledge.

	22.	 Burger, M. J., Meijers, E. J., & Van Oort, F. G. (2014). Regional 
spatial structure and retail amenities in the Netherlands. Regional 
Studies, 48, 1972–1992. https://​doi.​org/​10.​1080/​00343​404.​2013.​
783693

	23.	 Liotta C, Viguié V, Lepetit Q (2021) Is the monocentric urban eco-
nomic model still empirically relevant? Assessing urban econo-
metric predictions in 192 cities on five continents. arXiv preprint 
arXiv:2111.02112.

	24.	 Yang, Y., Wu, J., Wang, Y., et al. (2021). Quantifying spatiotem-
poral patterns of shrinking cities in urbanizing China: A novel 
approach based on time-series nighttime light data. Cities. https://​
doi.​org/​10.​1016/j.​cities.​2021.​103346

	25.	 Alves, D., Barreira, A. P., Guimarães, M. H., & Panagopoulos, T. 
(2016). Historical trajectories of currently shrinking Portuguese 
cities: A typology of urban shrinkage. Cities, 52, 20–29. https://​
doi.​org/​10.​1016/j.​cities.​2015.​11.​008

	26.	 Rahman, M. A. U. (2016). Urban sustainability through strategic 
planning: A case of metropolitan planning in Khulna city, Bang-
ladesh. J Urban Manag, 5, 16–22. https://​doi.​org/​10.​1016/j.​jum.​
2016.​06.​001

	27.	 Bangladesh Bureau of Statistics (2011) Population and housing 
census 2011. Dhaka, Bangladesh.

	28.	 Acheampong, R. A., Agyemang, F. S. K., & Abdul-Fatawu, M. 
(2017). Quantifying the spatio-temporal patterns of settlement 
growth in a metropolitan region of Ghana. GeoJournal, 82, 823–
840. https://​doi.​org/​10.​1007/​s10708-​016-​9719-x

	29.	 Ling, H. U. Z., Jun, D. U. P., & Zhi, G. U. O. D. (2007). Analysis 
of urban expansion and driving forces in Xuzhou City based on 
remote sensing. J China Univ Min Technol, 17, 267–271. https://​
doi.​org/​10.​1016/​S1006-​1266(07)​60086-8

	30.	 Ren, P., Gan, S., Yuan, X., et al. (2013). Spatial expansion and 
sprawl quantitative analysis of mountain city built-up area com-
munications in computer and information science. Springer.

	31.	 Wang, Y., Li, X., & Li, J. (2014). Study on the response of eco-
logical capacity to land-use/cover change in Wuhan city: A remote 

sensing and GIS based approach. Scientific World Journal. https://​
doi.​org/​10.​1155/​2014/​794323

	32.	 Huang, H., Chen, Y., Clinton, N., et al. (2017). Mapping major 
land cover dynamics in Beijing using all Landsat images in google 
earth engine. Remote Sensing of Environment, 202, 166–176. 
https://​doi.​org/​10.​1016/j.​rse.​2017.​02.​021

	33.	 Tamiminia, H., Salehi, B., Mahdianpari, M., et al. (2020). Google 
Earth Engine for geo-big data applications: A meta-analysis and 
systematic review. ISPRS Journal of Photogrammetry and Remote 
Sensing, 164, 152–170.

	34.	 Rodriguez-Galiano, V. F., Ghimire, B., Rogan, J., et al. (2012). 
An assessment of the effectiveness of a random forest classifier 
for land-cover classification. ISPRS Journal of Photogrammetry 
and Remote Sensing, 67, 93–104. https://​doi.​org/​10.​1016/j.​isprs​
jprs.​2011.​11.​002

	35.	 United Nations (2019) World population prospects 2019. In: 
United Nations Dep. Econ. Soc. Aff. Popul. Div.

	36.	 United Nations Developent Programme (2011) Urban Partnerships 
for Poverty Reduction Project (UPPRP): Report on poor settle-
ments in Khulna City Corporation. Dhaka, Bangladesh.

	37.	 Sowgat, T., Wang, Y. P., & McWilliams, C. (2017). Pro-poorness 
of planning policies in Bangladesh: The case of Khulna city. Inter-
national Planning Studies, 22, 145–160. https://​doi.​org/​10.​1080/​
13563​475.​2016.​12202​87

	38.	 Morshed, M. M. (2014). Illegality of private subdivision and 
access to land for housing by the urban poor in Dhaka. Habitat 
International, 44, 386–393. https://​doi.​org/​10.​1016/j.​habit​atint.​
2014.​08.​004

	39.	 Afnan, J., & Suphiyan, M. A. (2016). Involuntary resettlement 
and impoverishment risk of padma multipurpose bridge project 
(PMBP). Khulna University of Engineering & Technology.

	40.	 Mahmud, M. S., Roth, D., & Warner, J. (2020). Rethinking “devel-
opment”: Land dispossession for the Rampal power plant in Bang-
ladesh. Land Use Policy, 94, 104492. https://​doi.​org/​10.​1016/j.​
landu​sepol.​2020.​104492

	41.	 Khulna (Bangladesh): City Districts and Subdistricts - Popula-
tion Statistics, Charts and Map. https://​www.​cityp​opula​tion.​de/​
en/​bangl​adesh/​khulna/. Accessed 30 Jun 2022

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.tre.2009.11.003
https://doi.org/10.1016/j.tre.2009.11.003
https://doi.org/10.1080/00343404.2013.783693
https://doi.org/10.1080/00343404.2013.783693
https://doi.org/10.1016/j.cities.2021.103346
https://doi.org/10.1016/j.cities.2021.103346
https://doi.org/10.1016/j.cities.2015.11.008
https://doi.org/10.1016/j.cities.2015.11.008
https://doi.org/10.1016/j.jum.2016.06.001
https://doi.org/10.1016/j.jum.2016.06.001
https://doi.org/10.1007/s10708-016-9719-x
https://doi.org/10.1016/S1006-1266(07)60086-8
https://doi.org/10.1016/S1006-1266(07)60086-8
https://doi.org/10.1155/2014/794323
https://doi.org/10.1155/2014/794323
https://doi.org/10.1016/j.rse.2017.02.021
https://doi.org/10.1016/j.isprsjprs.2011.11.002
https://doi.org/10.1016/j.isprsjprs.2011.11.002
https://doi.org/10.1080/13563475.2016.1220287
https://doi.org/10.1080/13563475.2016.1220287
https://doi.org/10.1016/j.habitatint.2014.08.004
https://doi.org/10.1016/j.habitatint.2014.08.004
https://doi.org/10.1016/j.landusepol.2020.104492
https://doi.org/10.1016/j.landusepol.2020.104492
https://www.citypopulation.de/en/bangladesh/khulna/
https://www.citypopulation.de/en/bangladesh/khulna/

	Transformation towards a mega-regional formation of Khulna city, Bangladesh
	Abstract 
	1 Introduction
	2 Literature review
	3 Materials and methods
	3.1 Study area
	3.2 Urban growthshrinkage framework
	3.3 Data
	3.4 Image classification and accuracy assessments

	4 Results
	4.1 LULC
	4.2 Urban expansion intensity index (UEII) and urban expansion differentiation index (UEDI)
	4.3 Population agglomeration

	5 Discussion
	6 Conclusion
	Acknowledgements 
	References




