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Article 

Sustainable Urban Planning Challenges in the Peri-Urban 
Landscape: Evaluating LULC Dynamics and the Policy  
Effectiveness of the Chattogram Metropolitan  
Region, Bangladesh 
Md Mustiafiz Al Mamun *, Steffen Nijhuis and Caroline Newton 

Department of Urbanism, Faculty of Architecture and the Built Environment, Delft University of Technology, 
2628 CD Delft, The Netherlands; s.nijhuis@tudelft.nl (S.N.); c.e.l.newton-1@tudelft.nl (C.N.) 
* Correspondence: m.m.a.m.almamun@tudelft.nl 

Abstract: Understanding the dynamics of land use and land cover (LULC) change in today’s context 
of rapid urbanization is critical for sustainable urban planning and environmental conservation. 
Therefore, the research aim is to understand the LULC changes in the Chattogram Metropolitan 
Area and to assess the policy implications of these changes for sustainable urban development. 
Through a comparative analysis of LULC maps for two periods (1997–2007; 2007–2017), we investi-
gated the transformation of a detailed planning zone before and after Detailed Area Plan (DAP) 
approval. Using quantitative data analysis and policy review, we elucidated the impacts of urbani-
zation trends on local ecosystems—specifically the conversion of forest cover and waterscape use. 
The findings reveal a significant conversion of forested and waterscape areas to urban and peri-
urban landscapes, highlighting the urgent need for sustainable planning interventions that focus on 
these peri-urban areas. The study further critiques the DAP’s effectiveness, revealing a disconnect 
between regional policy implementation and local outcomes. This research proposes a validated, 
scalable framework for urban master plans that adapts to the complex socioecological contexts of 
rapidly urbanizing regions. 

Keywords: comparative analysis; LULC; land use planning and management; peri-urban  
Chattogram; peri-urban landscape dynamics; sustainability 
 

1. Introduction 
1.1. Peri-Urban Challenges in Chattogram 

The prioritization of peripheral urban (or ‘peri-urban’) landscapes is essential for en-
hancing sustainable development and management in metropolitan areas worldwide. 
Notably, this need is not limited to ensuring environmental protection against natural 
disasters and vulnerability [1] but also extends to promoting positive social behavior [2,3] 
and maximizing economic benefits [4–6], and land use activities [7–10]. According to the 
World Urbanization Prospects [11], the current global urban population stands at 55%, 
with projections indicating a rise to 68% by 2050. Concurrently, there is the gradual oc-
currence of rural–urban migration and economic development in the peri-urban region 
[2,12]. It is also commonly acknowledged that developing nations have the fastest urban 
growth rate [8,13–15]. One explanation is that spatial planning, particularly urban plan-
ning, encounters various social, economic, and political problems that obstruct organized 
urban growth, leading to urban sprawl [2]. This poses significant risks to land use plan-
ning and the sustainability of cities in the Global South [8,15]. 
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Land use changes play a pivotal role in urbanization processes as they are both a 
consequence of human activities related to land development and a catalyst for transform-
ing natural environments [7,9]. In most cases, unregulated LULC alterations tend to tran-
sition towards peri-urban regions [16,17]. Nevertheless, comprehending the dynamic al-
terations in LULC and their impacts on the configuration of landscapes provides a signif-
icant obstacle for professionals in natural resource management and urban planning 
[1,18]. Hence, it is imperative to prioritize the inclusion of urban periphery landscape set-
tings into urban planning processes. This involves incorporating human population 
growth and urban development patterns, focusing on environmental preservation and 
conservation efforts within landscape settings to drive changes in land use and land cover. 
Land use planning aims to allocate different land uses efficiently within a landscape to 
ensure optimal and suitable utilization [14]. 

Current data indicate that urbanization in Asia is nearing 50%, with forecasts pre-
dicting that the urban population will reach over 90% by 2050 [11]. Urbanization resulting 
from population growth and dense settlement structures will create concentrated stress in 
small cities and their surrounding areas, particularly in Latin America and Asia [8,9,13,15]. 
This will lead to unsustainable impacts on peripheral landscapes and ecological services 
[7,15]. 

In Chattogram, Bangladesh, rapid agglomeration of urban centers and peri-urbani-
zation are evident through the expansion of human settlements, industries, and roads [19]. 
Chattogram was ranked as the 20th largest urban area in 2023 according to Demographia 
[20]. This impacts the surrounding green environment and its ecological value [1]. Exam-
ining urban expansion trends in small- and medium-sized cities and towns is crucial for 
ensuring sustainable urbanization in the future. It is also essential to realign urban policy 
accordingly. 

Peri-urban areas in the Global South, particularly in Bangladeshi cities, have received 
less research attention compared to cities in the Global North. The unique and evolving 
characteristics of Bangladesh’s peri-urban regions remain underexplored, highlighting a 
gap in understanding their LULC dynamics [1]. Furthermore, existing studies have shown 
that stakeholder involvement at the regional scale of the Chattogram Metropolitan Area 
(CMA) significantly impacts land use planning and decision-making processes in these 
peri-urban landscapes [1]. Despite this, there is still a noticeable absence of research fo-
cusing on how changes in the local landscapes influence land use planning. The existing 
literature lacks studies that compare and integrate regional and local scales of LULC 
changes in peri-urban areas. Past research showed a 14% reduction in green coverage at 
the regional level in peri-urban areas of the CMA [1]. However, it remains unclear how 
this loss manifests itself locally. So, the utilization of LULC data at the regional level is 
greatly impeded by the absence of comprehensive data at the local level. Therefore, diffi-
culties arise from the lack of local spatial data needed to create databases and models that 
assist in sustainable urban land use planning and decision-making processes. Hence, this 
research attempts to demonstrate a clear and indisputable connection between the com-
prehensive LULC data on regional and local scales and urban and regional planning. No-
tably, the study has addressed the following questions: (1) What are the LULC change 
scenarios at different levels in the peri-urban landscape? (2) What are the conflict land use 
practices at the regional and local levels? (3) What can be foreseen for future urban plan-
ning and management concerning LULC? 

The study focuses on the CMA, the second-largest metropolitan area in Bangladesh. 
The CMA represents one of the fastest-growing urban areas in recent decades. Urban ex-
pansion and peri-urbanization are visible in the CMA and have been acknowledged in the 
Detailed Area Plan (DAP) for the Chattogram Metropolitan Master Plan (CMMP) 2009–
2015, approved by the Ministry of Housing and Public Works and Chattogram Develop-
ment Authority (CDA) in 2007/2008. This study investigates the LULC of a selected de-
tailed planning zone (DPZ) of the DAP through a comparative analysis between regional 
and local scales based on classifying and combining satellite images taken over the past 
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20 years (i.e., 1997–2007 and 2007–2017) which were collected before and after the ap-
proved DAP of the CMMP. In conclusion, the present study provides a comprehensive 
overview (Figure 1) of the gaps in current practices, offering actionable insights and rec-
ommendations to improve local landscape planning approaches for enhanced environ-
mental conservation in the face of rapid urbanization and peri-urbanization trends in the 
CMA. 

 
Figure 1. Conceptual framework (prepared by the authors). 

1.2. Sustainable Land Use Planning and Management (SLUPM) Framework Overview 
Peri-urban areas, which serve as a transitional zone between rural and urban areas 

[16], encompass valuable protected biotopes [21], forested and non-forested hills [17], 
prime agricultural lands [5], and crucial wetlands [22]. However, urbanization in urban 
peripheries still occurs under the radar [1], which has a significant impact on water and 
food provision as well as biodiversity and culture loss [23–27]. 

Spatial planning and zoning are essential for managing urban development and 
structuring urban environments. Globally, these tools aim to optimize land use and align 
development with environmental sustainability. Research indicates that effective spatial 
planning is crucial for reducing urban sprawl, supporting green infrastructure, and en-
hancing socioeconomic inclusivity [28,29]. In regions experiencing rapid urbanization, 
such as South Asia, zoning is essential for controlling urban growth to minimize environ-
mental impact and improve land use efficiency [30]. Moreover, zoning practices are in-
creasingly coordinated with global sustainability objectives, influencing policy develop-
ment and urban administration. Such coordination helps manage urban expansion in 
ways that promote sustainability goals, enhance climate resilience, and improve commu-
nity well-being [31,32]. This is especially relevant in peri-urban areas, which undergo fre-
quent land use changes and act as important transitional zones between urban centers and 
rural areas. 

Certain cities have encountered challenges in landscape management [7,25,33] 
whereby inadequate strategic planning for and maintenance of (peri-)urban landscapes 
can result in diminished productivity, the decreased availability of green spaces, and a 
weakened co-beneficial relationship across various domains [6]. Moreover, the United Na-
tions Sustainable Development Goals have been prioritized in the future development 
plans of many metropolitan areas in developing countries [34]. The configuration of peri-
urban land and the intended use of physical space for future development have emerged 
as essential considerations in urban planning [35]. These plans have focused on various 
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aspects such as energy-efficient building design, rainwater harvesting systems, the imple-
mentation of mass rapid transit, and achieving socioeconomic balance. However, there 
has been a lack of emphasis on the landscape as a basis for fundamental planning [36], 
where comprehending the analysis of various land use and land cover (LULC) data is vital 
[7,21,37,38]. Several scholarly articles have provided definitions of the phenomenon 
wherein the need for land for urban expansion, including the establishment of peripheral 
industrial developments, has resulted in significant and detrimental alterations to LULC 
[1,5,19,37,39,40]. These changes have posed increased risks to peri-urban landscape areas 
on both local and regional scales [1]. Based on findings from the Federal Environment 
Agency of Germany [41], 100 million ha of land is projected to be required for urban de-
velopment worldwide by 2050. This significant demand for land is expected to result in 
substantial changes in LULC, impacting the overall landscape system and configuration 
locally [38,40], regionally [1,42], and globally [17,43]. Notably, local areas have experi-
enced a loss of nearly 80% of their natural ecosystems [43]. 

Despite the biodiversity losses and ecological changes in peri-urban landscape set-
tings on the local scale, regional results have dominated the urban planning process [7]. 
Rojas [7] provided an explicit quantitative assessment to set regional data into decision-
making stages for preparing a metropolitan development plan by detecting LULC using 
satellite images. The findings indicate a relentless urbanization pressure characterized by 
exploiting regional natural resources and unbridled population growth. Gerard [44] ap-
plied a comparable methodology in the metropolitan regions of Europe and noted that 
SLUPM was influenced by urbanization pressures in metropolitan areas, albeit with vari-
ations at the local level. Similarly, Henríquez [45] also claimed that local-level LULC 
changes have tremendous potential and advantages for urban–regional planning, but the 
effects must be considered at different scales to avoid spatial conflicts. Analyses on the 
local scales can emphasize the real land use and land cover changes and illustrate the 
relationship between SLUPM and urbanization pressures. Kleemann [2] suggested that 
national land use plans should take into account local conditions. The appreciation of the 
importance of local conditions in informing national policy is illustrated by Ghana’s land 
use management system, which is characterized by a bottom-up approach [14]. In light of 
these insights, K and Angadi [8] underscore the urgency of extending these studies to en-
compass the urban dynamics of small and medium cities, thereby enriching our under-
standing of urbanization’s diverse impacts across different urban scales. 

The dynamic interplay between landscape and urban land uses frequently results in 
conflicts, highlighting the critical need for a nuanced understanding of the interactions 
between local and regional landscapes in sustainable planning. Nevertheless, the applica-
tion of effective methodologies to thoroughly assess these vital links remains surprisingly 
scarce despite the acknowledged significance of these relationships in the literature 
[2,7,8,13–15]. This gap often results in urban planning decision-making processes that 
overlook the significance of integrating specific, localized outcomes, thereby risking the 
effectiveness of planning initiatives [2,25,45]. Research in peri-urban planning and man-
agement has tended to focus either predominantly on regional or local scales, neglecting 
the nuanced interdependencies between these spatial dimensions. Furthermore, there is a 
notable lack of investigation into the constraints and potentials of land use planning in 
leveraging landscape resources. Addressing this knowledge deficit, the research aims to 
bridge these gaps by offering a comprehensive understanding of the diverse spatial sig-
nificances at the decision-making stage, as illustrated in Figure 1. 

Planning is often complex for smaller cities in developing countries due to insuffi-
cient expert knowledge, spatial data, tools, and land use information [8]. In recent years, 
there has been a rise in the use of spatially detailed analyses to assess the effects of urban-
ization at various scales by considering future LULC changes [45]. In this case, in regard 
to the CMA, peri-urban landscape dynamics are juxtaposed with rural and urban land 
use, framed as a challenging scenario of the urbanization process through regional-scale 
and local-scale planning and management. Moreover, only by promoting the CMA’s local 
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landscapes in rural and urban areas can they perform differently without having regional 
landscape planning, which is crucial. Consequently, this study seeks to remedy the meth-
odological void in urban land use planning, discussed above, by implementing a compar-
ative analysis framework, thereby enriching spatial data utilization across different scales. 
By integrating detailed LULC data, we can foresee the implications of land use practices 
that exacerbate regional disparities and undermine sustainable development efforts. Spe-
cifically, the rapid urbanization observed in the CMA necessitates policies that not only 
prevent unsustainable expansion but also promote equitable and environmentally respon-
sible growth. 

2. Materials and Methods 
2.1. Study Area 

The study, designated as DPZ-07 (see Figure 2), is one of the 12 detailed planning 
zones (DPZs) contained in the Detailed Area Plan (DAP) 2009 of the CMA [46]. The peri-
urban landscape in that region has shown a massive development trend compared to 
other urban interfaces over time [46,47]. Despite its ecologically uplifted landscape and 
ability to protect Chattogram’s urban core from various threats, this area has yet to receive 
adequate planning and management attention. This zone pertains to different land use 
categories encompassing rural, peri-urban, and urban areas within three unions (Sonaich-
hari (B), Bhatiari (C), and Salimpur (D)) located in the Sitakunda sub-district of the CMA. 
These unions are situated between 22°22′ to 22°29′ N and 91°42′ to 91°47′ E. The area is 
surrounded by diverse geographical features, including the Bay of Bengal to the west, a 
core zone (A) to the north, and hilly regions to the northeast, east, and south, which form 
the Chattogram City Corporation boundary. The research region is categorized as DPZ7, 
which is one of the 12 DPZs within the CMA [46]. 

The region includes vast cultural and natural landscapes, such as a large coastal 
plain, forested hills, mangrove forests, and village woodlands. An officially designated 
buffer zone improvement project is located in Sonaichhari Union (SoU/Zone B), with nat-
ural resources in rural and peri-urban settings. The second union, ‘BU/Zone C’, has less 
landscape geography and a fully peri-urban backdrop. However, in the DAP, Salimpur 
Union (SU/Zone D) is entitled to a mixed land use area containing more urban settings 
rather than peri-urban characteristics with limited landscape resources. 
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Figure 2. Zoning map of the study area (sources: [1,19,40]). 

2.2. Data Collection and Analysis 
2.2.1. The Policy Review of CMMP for DPZ7 

The research reviewed several policy documents obtained from secondary sources 
based on the urban development of the CMA from 1995 to 2015. The DAP, approved in 
2007/2008, was devised to guide and manage the CMMP, which also builds upon the 
Foundational Structure Plan (1995–2015) and Urban Development Master Plan (1995–
2005). The prime objective of the CMMP was to streamline and promote organized growth 
between 2009 and 2015, with a particular emphasis on protecting the long-term viability 
of the environment. The DPZ7 proposal outlines a spatial zoning plan to enhance and 
implement physical and socioeconomic development. This plan has accommodated pop-
ulation growth, resulting in additional rural–urban migration. Large-scale peripheral ex-
pansions, whether in housing projects or industrial developments, have been imple-
mented. The plan has prioritized the implementation of environmental safeguards to mit-
igate the environmental consequences of development. This includes implementing pro-
grams to preserve hilly landscapes as ‘strategic open space’, establishing a linear coastal 
afforestation program, creating a green walkway along lakes and river belts, expanding 
coastal mangrove forests, developing green corridors along coastal areas, and protecting 
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all bodies of water. Moreover, in the Urban Development Master Plan (1995–2005), the 
proposed land use along the coastal belt was dedicated as a ‘No Development Zone’ to 
prevent extensive industrial development and recommended temporary settlements and 
light industrial development. 

2.2.2. Preparing LULC Maps Combining 1997, 2007, and 2017 Data to Detect LULC 
LULC maps from 1997 to 2017 were obtained for the study region using Landsat sat-

ellite (LS) images corresponding to periods both before and after the DAP approval, re-
spectively, whereas 2007 was the survey period for the baseline data of the DAP. These 
were acquired for the study region, which was already ortho-rectified. The properties of 
the images are presented in Table 1. 

Table 1. Properties of the ortho-rectified images of Landsat charts for 1997, 2007, and 2017. 

Year 
Date Acquired 

(M/D/Y) Sensor Path/Row 
Land Cloud 

Cover Spatial Resolution 
Projected 

Coordinate System 

1997 19 January 1997 
LANDSAT_5 

TM 136/45 0.00 30 m WGS_1984_46N 

2007 24 February 2007 LANDSAT_7 
ETM 136/45 0.00 30 m WGS_1984_46N 

2017 2 January 2017 LANDSAT_8 
OLI 136/45 0.01 30 m WGS_1984_46N 

Using ArcGIS 10.1 and maximum likelihood classification, five thematic LULC cate-
gories were produced from the LS images. According to [7], this is a blended characteri-
zation method employed in LS symbolism. Figure 3 presents the five land classes that 
were obtained: (1) vegetation: bushes, hilltop plants, and forests; (2) built-up area/human 
activities: areas occupied by cities or industrial facilities and ship-breaking yards; (3) wa-
terscapes: ocean, rivers, lakes, canals, wetlands, and ponds; (4) bare soil: regions that have 
been chopped down, burned, cleared of forests, or otherwise devoid of vegetation; (5) 
sandy surfaces: open beaches and empty sandy soil fill. 

The land cover classifications were arranged by utilizing training sites (signature 
files) submitted to a measurable examination of likeness that encouraged recognizing the 
separation between consecutively consolidated classes and their segregation. The charac-
terizations were approved through the affirmation of specific ground control points. The 
land cover maps were approved with 100 previously chosen points in regions that did not 
change among the maps and were strategically available. Temporal pictures from Google 
Earth were utilized as references for creating approving points in the 1997 and 2007 maps, 
while the most recent (2017) images were approved by acquiring ground control points 
through field visits. Twenty arbitrary points for each of the five land cover classes were 
utilized to validate the three maps. For the TM (Thematic Mapper) and ETM (Enhanced 
Thematic Mapper) images, the band combination 432 was used while training samples 
were collected. For Landsat 8 images, the band combination was 543. The general meas-
urable exactness of the 1997 guide was 88% (kappa index (KI) = 0.85). The producer’s ac-
curacy of each land cover class (in descending order) was as follows: vegetation (100%); 
barren soil (95%); waterscapes (85%); built-up area (80%); sand fill (80%). In the 2007 
guide, the approval revealed KI = 0.94 with 95% general exactness. The producer’s accu-
racy estimates for each land cover class were as follows (in descending order): built-up 
area (100%), barren soil (100%), sand fill (100%), vegetation (95%), and waterscapes (80%). 
The overall accuracy of the 2017 map was 87% (KI = 0.84). The producer’s accuracy of each 
land cover classification (in descending order) was as follows: barren soil (100%), vegeta-
tion (95%), built-up area (95%), sand fill (90%), and waterscapes (55%). 
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Figure 3. LULC maps for 1997, 2007, and 2017 after the classification process. 

2.2.3. Cross-Transition Matrix for Comparative Analysis 
This study compared land use and land cover (LULC) data from different periods to 

analyze changes and trends. It focused on assessing the increases and decreases in each 
LULC category. To quantify these changes, a cross-tabulation method known as a cross-
transition matrix (CTM) was employed, as detailed in Table A1 in Appendix A [48]. This 
method was used to analyze how the transitions between categories vary at different 
scales (e.g., local, regional) in order to identify the factors influencing LULC change. It was 
observed that the factors influencing LULC change were inconsistent when considering 
the area percentage under each category. 

2.2.4. Forecasting the Future Scenario of DPZ7 
Based on expected urban expansion and the entire development of DPZ7 (e.g., hous-

ing, industries, land, and road development, and shipbreaking yard extensions), a prelim-
inary forecast was prepared by comparing the proposed DPZ7 of the CMMP for 2015 on-
ward with the LULC map of 2017 using the zonal analysis in GIS obtained from each of 
the LULC categories. 

3. Results 
The discourse and examination presented here offer an intricate exploration of the 

dynamic shifts in demographics and land use within DPZ7, a significant region ear-
marked for planning purposes in Bangladesh. In addition to transitioning seamlessly into 
an exploration of LULC transformations across discrete intervals (1997–2007 and 2007–
2017), the analysis meticulously unravels the nuanced alterations in pivotal categories 
(e.g., vegetation, built-up areas, waterscapes, bare soil, and sand) operating at both re-
gional and localized scales. Furthermore, this analysis employed a cross-tabulation matrix 
to elucidate the gains and losses within LULC classifications across defined temporal 
frameworks and the intricate dynamics between these categories. Foretelling the future 
trajectory, the present study forecasts prospective LULC changes—particularly those 
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accentuating the envisaged expansion of built-up areas and its potential ramifications on 
diverse land cover types, including sensitive habitats such as mangrove forests. 

3.1. Regional-Level LULC Changes in the 1997–2007 and 2007–2017 Periods 
Analyzing the spatial and temporal changes in LULC is one functional method of 

understanding the current land use scenarios and continuing changes in an area. The land 
use maps of the separate timelines (1997, 2007, and 2017) extracted from reference maps 
and satellite images based on visual interpretation illustrate land use classes such as veg-
etation, built-up, waterscapes, bare soil, and sand. 

Table 2 presents the study region’s land use and land cover compositions in 1997, 
2007, and 2017, as well as their changes in Figure 4a,b. In 1997, 2007, and 2017, vegetation 
covered over 65, 60, and 50% of the designated region, respectively. Both timelines exhib-
ited vegetation cover shifts of nearly 7%. The built-up areas doubled in size between 1997 
(by more than 13%) to nearly 26% in 2017. Bare soil increased more than double from 
1997–2007 to 2007–2017, from 1.5 to 4%. The two timelines showed contrasts in terms of 
waterscapes and sand. The sand category increased by approximately 234 ha, from 3.6 to 
6% in the first period; however, it decreased by nearly 3.5% in the last period. Finally, 
although waterscapes is a minor category, it lost 3% of its surface area between 1997 and 
2007 and witnessed a slight increase from 0.3% to roughly 1.5% of DPZ7 over the last ten 
years. 

Table 2. Percentages of LULC changes at the regional level (prepared by the authors). 

Land Use Classification 
1997 2007 2017 Change (2007–1997) Change (2017–2007) 

km2 % km2 % km2 % % % 
Vegetation 43.18 67.71 38.31 60.08 33.65 52.77 −7.63 −7.31 

Built-up Area/Human 
Activity 8.75 13.73 13.13 20.59 16.38 25.68 6.87 5.09 

Waterscapes 2.18 3.41 0.21 0.32 1.138 1.78 −3.09 1.46 
Bare Soil 7.37 11.55 8.33 13.07 10.96 17.18 1.52 4.12 

Sand 2.29 3.60 3.79 5.94 1.645 2.58 2.34 −3.36 
 

  

Figure 4. Regional level percentages of (a) LULC changes and (b) LULC change differences. 

3.2. Local-Level LULC Changes in the 1997, 2007, and 2017 Periods 
Table 3 presents the percentages of LULC changes in three unions across two study 

periods. Vegetation cover was the most dominant category. In Sonaichhari Union (SoU), 
74% of the land was covered with vegetation in 1997, which remained constant until 2007 
and then decreased by 8% over the past decade. Nearly 50% of waterscapes were restored 
after a massive reduction from 6 to 0.5% in the initial phase (Figure 5a). However, built-
up areas rose from 0.5% to over 10% in 1997–2007 and 2007–2017 (Figure 5b). Later, 
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vegetation cover changes in Bhatiari (BU) were reduced by 8% (1.6%). The built-up areas 
showed growth of nearly 12% in the first ten years and then less significant growth (nearly 
2%) in the following ten years (Figure 5c,d). Changes in the land cover areas of water-
scapes show a similar trend to those in SoU. 

In Salimpur (SU), every category changed drastically and waterscapes disappeared 
(Figure 5e,f). The vegetation cover declined dramatically from 69% in 1997 to 46% in 2007. 
From 1997 to 2007, the built-up area increased from 18% to nearly 34%, whereas, from 
2007 to 2017, it shrank to approximately 2%. In all time periods, similar trends were ob-
served in the bare soil cover in every union except the moderate increase scenario of SU. 
Sand cover declined overall, except for the first SoU difference (2.66% in 1997 to 8.30% in 
2007). 

Table 3. Percentages of LULC changes at the local level (prepared by the authors). 

Unions 
Sonaichhari (SoU) 

(Rural + Peri-Urban Area) (%) 
Bhatiari (BU) 

(Peri-Urban Area) (%) 
Salimpur (SU) 

(Peri-Urban + Urban Area) (%) 

Class/Year 1997 2007 2017 Change 
(2007–1997) 

Change 
(2017–2007) 

1997 2007 2017 Change 
(2007–1997) 

Change 
(2017–2007) 

1997 2007 2017 Change 
(2007–1997) 

Change 
(2017–2007) 

Vegetation  74.37 74.04 65.86 −0.33 −8.18 53.34 45.16 43.57 −8.18 −1.59 68.85 45.93 34.29 −22.92 −11.64 
Built-up 

Area/Human 
Activity 

7.76 8.18 18.05 0.42 9.87 21.55 33.33 35.09 11.78 1.76 18.20 33.78 32.05 15.58 −1.73 

Waterscapes 6.00 0.55 3.42 −5.45 2.87 1.37 0.00 0.14 −1.37 0.14 0.00 0.19 0.00 0.19 −0.19 
Bare soil  9.20 8.94 9.33 −0.26 0.39 15.77 15.08 17.91 −0.69 2.83 12.07 19.85 33.50 7.78 13.65 

Sand 2.66 8.30 3.34 5.64 −4.96 7.97 6.44 3.29 −1.53 −3.15 0.87 0.26 0.16 −0.61 −0.1 
 

  
(a) (b) 

  
(c) (d) 
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(e) (f) 

Figure 5. Local level percentages of LULC changes (a,c,e), and LULC change differences (b,d,f). 

3.3. Cross-Tabulation Matrix for a Comparative Model of the Local to Regional Landscape 
From 1997 to 2007, more than 1561 ha—corresponding to 24.48% of the study area 

(approximately 6377 ha)—changed in the LULC categories. Those changes resulted from 
gains and losses between categories (Table 4). For the first period, the main gains were 
observed in built-up areas and bare soil, with increases of approximately 13.5 and over 
7%, respectively, corresponding to the replacement of vegetation cover losses at nearly 
14% (9.3 and 4.5%, respectively). Another significant decrease in LULC from 1997 to 2007 
was observed in waterscapes (nearly 90%). 

In the latter period (2007–2017), approximately 29% of the area changed, correspond-
ing to more than 1849 ha. The main gains were observed in the built-up area and bare soil, 
with increases of approximately 11.5 and 12.02%, respectively, with shifts corresponding 
to vegetation losses (approximately 5.1 and 8.5%, respectively). Another significant gain 
of nearly 6.5% was identified for vegetation cover (by built-up area and bare soil; approx-
imately 4.5 and 2.1%, respectively). Simultaneously, the key LULC was observed in wa-
terscapes (gain of 1%). 

Table 4. Cross-tabulation matrix results for the regional level (prepared by the authors). 

  2007       

Study Area 
(%) 

1997  1 2 3 4 5 Total 1997 Losses 
1 51.28 9.30 0.00 4.48 0.13 65.19 13.91 
2 1.83 11.34 0.06 2.50 0.36 16.09 4.75 
3 0.00 0.07 0.18 0.00 2.21 2.46 2.28 
4 1.96 2.71 0.00 7.72 0.01 12.41 4.69 
5 0.06 1.43 0.00 0.06 2.29 3.85 1.55 

Total 2007 55.14 24.85 0.24 14.76 5.01   

Gains 3.85 13.51 0.06 7.04 2.72   

Study Area 
(%) 

 2017       
2007 1 2 3 4 5 Total 2007 Losses 

1 41.44 5.09 0.00 8.43 0.02 54.97 13.53 
2 4.34 16.80 0.02 3.59 0.32 25.08 8.28 
3 0.00 0.07 0.17 0.00 0.00 0.24 0.07 
4 2.09 4.29 0.00 8.32 0.02 14.72 6.40 
5 0.00 2.08 0.99 0.01 1.91 4.99 3.08 

Total 2017 47.88 28.32 1.19 20.34 2.27   
Gains 6.44 11.5 1.02 12.02 0.36   
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Table 5 summarizes the percentages of LULC changes in the three unions (SoU, BU, 
and SU). Considering the local scale, vegetation coverage in SoU was the most dominant 
LULC category. In contrast, the maximum losses of approximately 10.5% were presented 
by peri-urbanization, forest clearing, and hill-cutting scenarios from 2007 to 2017. Moreo-
ver, a waterscape gain of 3% was observed in the second period. SU experienced more 
vegetation loss (approximately 47%) over time than BU and SoU (nearly 21 and 15%, re-
spectively). Waterscapes experienced minimal losses and were substituted with urbanized 
areas, which became highly prevalent in SU between 2007 and 2017. Conversely, there 
were significant gains in the bare soil of SU, amounting to approximately 22%, which were 
replaced by vegetation cover in urban areas, accounting for approximately 16% between 
2007 and 2017. Simultaneously, there was an increase in vegetation land use, primarily 
due to afforestation and reforestation, which accounted for approximately 10% in coastal 
areas and urban peripheries. 

Table 5. Cross-tabulation matrix results for the local level (prepared by the authors). 

Sonaichhari 
(%) 

 2007        2017       

1997 1 2 3 4 5 
Total 
1997 Losses 2007 1 2 3 4 5 

Total 
2007 

Losse
s 

1 70.09 1.92 0.00 2.07 0.19 74.27 4.18 1 63.38 5.9 0.00 4.56 0.01 73.86 10.48 
2 1.66 4.27 0.00 1.39 0.54 7.87 3.60 2 0.90 6.12 0.05 0.80 0.44 8.31 2.19 
3 0.00 0.12 0.55 0.00 5.33 6.00 5.45 3 0.00 0.03 0.52 0.00 0.00 0.55 0.03 
4 2.18 1.48 0.00 5.51 0.03 9.21 3.70 4 1.61 3.29 0.00 4.07 0.03 9.00 4.94 
5 0.03 0.41 0.00 0.03 2.18 2.65 0.47 5 0.00 2.56 2.85 0.00 2.86 8.28 5.42 

Total 
2007 73.96 8.21 0.55 9.00 8.28   Total 

2017 65.90 17.91 3.42 9.42 3.35   

Gains 3.87 3.94 0.00 3.49 6.10   Gains 2.51 11.79 2.90 5.35 0.48   

Bhatiari 
(%) 

 2007        2017       

1997 1 2 3 4 5 Total 
1997 

Losses 2007 1 2 3 4 5 Total 
2007 

Losse
s 

1 41.40 8.65 0.00 2.79 0.19 53.04 11.64 1 36.34 3.77 0.00 5.13 0.01 45.26 8.92 
2 1.73 17.31 0.00 2.50 0.32 21.87 4.56 2 5.18 23.75 0.02 3.76 0.41 33.12 9.37 
3 0.00 0.09 0.00 0.00 1.29 1.38 1.38 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
4 2.20 3.67 0.00 9.90 0.00 15.77 5.87 4 1.97 4.11 0.00 9.11 0.02 15.20 6.10 
5 0.09 3.13 0.00 0.07 4.65 7.94 3.29 5 0.00 3.42 0.12 0.02 2.86 6.42 3.56 

Total 
2007 

45.42 32.86 0.00 15.27 6.45   Total 
2017 

43.48 35.05 0.14 18.02 3.30   

Gains 4.02 15.54 0.00 5.36 1.81   Gains 7.15 11.30 0.14 8.92 0.44   

Salimpur 
(%) 

 2007        2017       

1997 1 2 3 4 5 
Total 
1997 Losses 2007 1 2 3 4 5 

Total 
2007 

Losse
s 

1 42.36 17.31 0.00 8.58 0.02 68.26 25.90 1 24.61 5.58 0.00 15.59 0.03 45.81 21.20 
2 2.10 12.45 0.17 3.60 0.22 18.54 6.09 2 6.95 20.52 0.00 6.20 0.12 33.80 13.28 
3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3 0.00 0.18 0.00 0.00 0.00 0.18 0.18 
4 1.51 2.98 0.00 7.75 0.01 12.26 4.50 4 2.69 5.46 0.00 11.79 0.00 19.94 8.15 
5 0.06 0.76 0.00 0.08 0.04 0.94 0.90 5 0.00 0.25 0.00 0.00 0.01 0.27 0.26 

Total 
2007 46.02 33.50 0.17 20.02 0.29 0.00 0.00 

Total 
2017 34.26 31.99 0.00 33.59 0.16   

Gains 3.66 21.05 0.17 12.26 0.25 0.00 0.00 Gains 9.65 11.47 0.00 21.80 0.15   
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3.4. LULC Change Forecasting for DPZ7 
According to the DAP (2009–2015), the initial prediction for the future development 

plan of DPZ7 in the CMMP suggests that the built-up land cover will increase by 1313 ha 
to reach a total of 4652 ha. This expansion will cover more than 20.5% of DPZ7, resulting 
in an almost 30% increase in the urban area by 2017. The development of future housing 
projects, industries, and roads will be implemented in easily accessible land cover, such 
as vegetation, waterscapes, base soil, and sand (5.1, 0.07, 4.3, and 2.1%, respectively). All 
LULC will be affected by these urbanization and peri-urbanization trends, including the 
crucial vulnerable categories such as overall vegetation cover (coastal mangrove forests 
and hilly forests), by deducting more than 14% from the baseline data of 1997–2017 (Figure 
6). 

 
Figure 6. Forecasted losses in non-urban LULC categories in DPZ7 under the CMMP based on two 
DAP baseline datasets (percentages before and after DAP approval). 

3.5. Policy Level Contradictions of CMMP for DPZ7 
The 1995 Structure Plan, with a planning horizon dating until 2015, included several 

positive intentions to protect green areas; the Urban Development Master Plan (1995–
2005) also took into account the protection of natural areas. However, the 2009 revision of 
the DAP could not uphold these intentions. The land use survey conducted in 2005–2006 
revealed that vegetation covered 46.20% of the region’s total land area. However, the DAP 
recommended a decrease to 32.56%, which includes the development of agricultural land 
of less than 2%. This proposal contradicts the government’s plan to protect and improve 
the management of forest cover. In addition, the Detailed Area Plan (DAP) has introduced 
and implemented 11 different landscape development programs aimed at improving for-
estry practices in the planning process. Furthermore, the proposed land uses include am-
bitious development schemes for 25.51% of the coastline region, disregarding its classifi-
cation as a highly vulnerable location for disasters by the Structure Plan and the Ministry 
of Disaster Management and Relief [47]. According to the Detailed Area Plan, industrial 
expansion is prohibited within 300 m of the foothills. Additionally, rules prohibit any de-
velopment within the 50 m of the foothills that was dedicated as ‘Strategic Open Space’ to 
form a Regional Park and ‘No Development Zone’ (Figure 7). The Bangladesh National 
Building Code similarly implemented a comparable limitation on certain operations 
within a radius of 300 m. Notwithstanding these limitations, numerous industrial activi-
ties have been carried out in close proximity to the steep terrain without obtaining legal 
authorization and/or conducting any thorough environmental evaluation. Remarkably, 
the CDA and other relevant authorities have authorized such advancements [1]. 
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Figure 7. Contradictory maps of DPZ7: (a) existing and proposed industrial development areas, (b) 
strategic open space (marked as green), no development zone (marked as blue), and road develop-
ment projects (marked as black line). Sources: [1,49]. 

4. Discussion 
The following discussion emphasizes the significance of the methodology used in 

this study, notably the CTM, to discern precise cause-and-effect correlations in the context 
of changes in LULC. Highlighting the critical role of integrating various datasets, this 
methodology not only identified LULC changes but also suggested an alternative strategy 
to analyze phenomena across different scales. Moreover, this discussion elucidates the 
impacts of LULC changes at both regional and local scales, showcasing how alarming 
shifts in vegetation, bare soil, and waterscapes—influencing urbanization, industrializa-
tion, and unplanned developmental strategies—pose significant threats to landscape re-
sources and biodiversity within DPZ7, reflecting a narrative of conflict and change in the 
region. 

4.1. Methodological Considerations 
The objective of this study was to examine multi-scale quantitative data using the 

CTM to determine more accurate cause-and-effect correlations related to changes in LULC 
in different landscape contexts. Additionally, this methodology was employed to identify 
changes in land use and propose an alternative strategy that emphasizes the significance 
of examining less granular phenomena that may occur between regional and local scales. 
Notably, Islam [50] highlighted the significance of incorporating data into LULC changes 
in the field of natural resource management. It is imperative for landscape ecologists, ur-
ban environmentalists, and geographers to employ more precise analytical approaches in 
their decision-making processes [1,7,44]. Employing this approach, as applied in this 
study, enables a more thorough understanding of how different datasets can be integrated 
to assist in making decisions related to sustainable land use planning [8,45,51]. 

4.2. Unpacking Peri-Urbanization through Regional and Local Data, and Policy Synthesis 
The present study highlights critical findings at the regional level regarding the im-

pact of changes in LULC categories on DPZ7. During two distinct study periods, 24–29% 
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of DPZ7 was affected by these landscape dynamics. These changes hold substantial im-
plications for preserving regional landscape resources—a factor often overlooked despite 
its significance, as previously acknowledged by various researchers [1,7,18]. 

Furthermore, the CTM analysis conducted in the present study revealed the signifi-
cant consequences of these impacts on landscape resources, including deforestation, log-
ging, and subsequent hill excavation [19], which resulted in a 27.44% reduction in vegeta-
tion cover. These findings underscore the alarming presence of urban sprawl, echoing the 
observations of various research [1,7,8,17]. Moreover, the disappearance of numerous 
ponds and other waterscapes over the past two decades has given way to construction, 
infrastructure development, and the establishment of industrial waste dumping sites [52]. 
Notably, while built-up areas are a focal point of land conversion, their growth rate has 
accelerated compared to the previous period. The swift urbanization process presents 
challenges and opportunities, including managing and diversifying employment sectors, 
which can lead to greater job opportunities. Additionally, this transition offers socio-cul-
tural benefits and improved accessibility to amenities in central urban areas. The ongoing 
dynamic shift is characterized by the swift movement of people from rural to urban areas, 
highlighting the intricate balance of challenges and benefits within the narrative of urban-
ization [1,19,46]. 

Despite being an environmentally sensitive zone, following a massive cyclone in 
1991, as outlined in the Structural Plan (1995–2015) of the CMA, the Government of Bang-
ladesh designated this area as a ‘Future Economic Expansion Area’ [47,49]. This decision 
has contributed to furthering shipbreaking activities, with Chattogram accounting for 22% 
of global ship dismantling by 2014 [53]. Additionally, the DAP’s suggestion to utilize small 
industrial and commercial plots along the highway led to ribbon development, resulting 
in the depletion of natural resources due to the abandonment of agricultural land, the 
disappearance of waterscapes, and the clearance of homestead forests. These develop-
ments are poised to intensify shipbreaking activities and establish associated business 
zones within the region, which poses a significant threat to sustainable landscape resource 
management [1]. 

Although urbanization did not exert primary pressure on local landscape settings in 
the preceding period, a conventional developmental trend (peri-urbanization) emerged, 
integrating practices reliant on hilly forests (at SoU) but primarily situated far from the 
urban core. This led to severe deforestation driven by substantial human activities, result-
ing in a nearly 36% increase in bare soil surfaces over the last decade. The urban periphery 
areas (SU and BU) experienced a notable increase in bare soil of 22%, indicating the emer-
gence of new urban growth. As Hassan and Nazem [19] highlighted, Chattogram City 
expanded to its periphery, encroaching upon more than 17% of existing natural land-
scapes. However, ongoing road and land development projects and industry-driven de-
velopment strategies in the local context revealed alarming deforestation trends and hill-
cutting activities [1]. This baseline scenario witnessed the settlement of a few heavy and 
environmentally hazardous industries (e.g., shipbreaking yards), which contributed to ex-
tensive tree felling. In response, the Government of Bangladesh initiated buffer zone im-
provement and eco-park development programs [47,49]. Reports from the Daily Star [54] 
indicated the felling of approximately 15,000 mangrove trees after 2009 to establish four 
shipyards in SoU. Additionally, approximately 50% of mangrove trees were cleared to 
facilitate the construction of new shipbreaking industries in BU. Reports from the Daily 
Star [54] indicated that a staggering 15,000 mangrove trees were cleared after 2009 to make 
space for the establishment of four shipyards in SoU. Moreover, an estimated 50% of the 
mangrove trees were removed to enable the construction of new shipbreaking industries 
in BU. Furthermore, establishing four brickfields to support construction materials for 
new road development projects resulted in the loss of 135 ha of forest cover [55]. As a 
result, the main processes of peri-urbanization in the recent research period had a sub-
stantial impact on the landscape and occurred over an extended period, ranging from the 
local to regional scales. 
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An essential outcome of artificial forestation is its direct impact on the local forest 
market, primarily driven by afforestation and reforestation programs aimed at rectifying 
LULC practices [46,47,56]. Despite this noteworthy consequence on the regional scale, the 
afforestation and reforestation programs failed to achieve dominance at the community 
level regarding coastal mangrove forest preservation, riverside green belt development, 
and hilly forest plantation from 2007 to 2017 after the initiation of DAP. These programs 
only covered 6.5% of the targeted areas during this period. This observation reinforces the 
hypothesis that environmental protection takes a back seat in sustainable planning at the 
regional level. Artificial forestation has a significant impact on the local forest market 
through implementing afforestation and reforestation programs (i.e., coastal mangrove 
forests, riverside green belts development, and hilly forest plantations) to restore illegally 
exploited land [46,47,56]. This trend is expected to continue in the near future as part of 
urban development strategies in the CMA, with a focus on incentivizing local participa-
tion, particularly among women [46,57]. Despite relevant consequences at the regional 
level, the afforestation and reforestation programs fail to speak to the communities. For 
instance, during the establishment of DAP, vegetation cover only grew by 6.5%, unfortu-
nately also experiencing a loss of 8.3% over the same period. This outcome supports the 
hypothesis that environmental protection has a lower priority in sustainable planning at 
the regional level. 

As described in the DAP, the approach for waterscapes aimed to create a detailed 
master plan for stormwater drainage and flood management; however, it encountered an 
unexpected dispute at the local level. The concept involved the restoration of extensive 
khals (canals) that spanned 48 km, the preservation of 286 ponds measuring 0.2 ha each, 
and the construction of 28 additional flood storage ponds [46]. Nevertheless, data from 
the CTM presented a conflicting picture, indicating substantial declines in waterscapes 
over the course of the research periods. The difference highlighted here emphasizes the 
importance of safeguarding waterscapes during (rapid) urbanization [58]. 

The influence of urbanization goes beyond the immediate urban bounds and has had 
an impact on the attractiveness of new employment markets and affordable housing op-
tions. In response, the CDA envisioned and executed several housing development pro-
jects along the hilly terrain at SoU and BU. In turn, this has lead to changes in the func-
tional values and spatial structure of landscape settings [7,45]. The consequences are pal-
pable; deforestation, the clearance of hilly forests, and hill cutting gather momentum un-
der the cloak of urbanization [19], thereby fueling the engine of peri-urbanization through 
rural–urban migration [4,7,59]. Hence, the mounting pressure witnessed over the study 
period could be attributed to urban sprawl rather than a straightforward narrative of de-
forestation and afforestation. This pressure affects the protective shield of forests and the 
conservation efforts aiming to preserve the majestic contours of hilly landscapes. The com-
plex interaction between urbanization and landscape dynamics unfolds as a narrative of 
conflict and change since the dynamic patterns of urban expansion pose a fundamental 
challenge to preserving and safeguarding natural resources. 

5. Conclusions 
The study has examined the present landscape dynamics of the CMA’s urban inter-

face and its valuable landscape resources by using CTM and policy assessment. Firstly, 
the study has found that insensitive urban land use plans and current conflicts in land use 
and land cover are the primary impediments to enhancing landscape settings. Secondly, 
the utilization of the CTM has provided a nuanced understanding of the multi-scale 
changes in LULC and their intricate connections within diverse peri-urban landscape con-
texts. This research not only highlights the significance of employing precise analytical 
tools but also emphasizes the need for a comprehensive approach to decision-making in 
sustainable land use planning. Finally, the findings underscore critical conflicts between 
regional and local perspectives in land use strategies, which are particularly evident in the 
case of DPZ7.  
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From a regional perspective, this study illuminates the substantial impact of LULC 
changes on DPZ7, revealing a significant proportion of land being affected by these alter-
ations. These changes, which are often overlooked in landscape resource preservation, 
have led to alarming scenarios of deforestation, urban sprawl, infrastructure develop-
ment, and the decline of vital waterscapes. Conversely, the impact of urbanization on local 
landscapes has fueled peri-urbanization, resulting in severe deforestation and the en-
croachment of urban boundaries into previously untouched areas. Driven by develop-
mental trends, this local transformation has significantly altered landscapes, with increas-
ing repercussions being seen on the regional scale. Despite efforts such as afforestation 
and reforestation programs aimed at rectifying illegal LULC practices, their impact re-
mains limited, especially for coastal mangrove forests and hilly forest plantations. The 
divergence between grand development plans and the actual loss of waterscapes under-
scores the challenges faced in protecting vital resources in the face of urbanization pres-
sures. The analysis of these findings indicates an intricate interaction between the expan-
sion of urban areas and changes in the surrounding environment. Increasing urbanization 
poses a significant challenge to preserving natural resources [1]. 

This study advocates for a revised Chattogram Metropolitan Master Plan that ensures 
development strategies are ecologically sound, socially inclusive, and economically via-
ble. An integrated planning approach should be sensitive to regional and local nuances, 
providing environmentally sustainable, socio-culturally beneficial, and economically fea-
sible outcomes. Such an approach could mitigate the conflicts identified in this research 
and promote a resilient urban and peri-urban environment amid rapid urbanization. Sus-
tainable peri-urban development must work across scales, assessing Land Use and Land 
Cover (LULC) changes from regional to micro-local levels. Policymakers and practitioners 
should conduct thorough examinations of neighborhoods at the micro level, understand 
(and, if needed, interfere with) the forces that impact LULC changes at the regional level, 
and draw lessons from international case studies and policy evaluations. Future studies 
should focus on detailed LULC changes across scales to enhance sustainable peri-urban 
development strategies. 
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Appendix A 

Table A1. Cross-tabulation matrix (source: [48]). 

  Timeline 2 (t2)   
  Category 1 Category 2 Category 3 Category 4 Category 5 Total Timeline 1 Losses 

Timeline 1 
(t1) 

Category 1 P11 P12 P13 P14 P15 P1+ P1+–P11 
Category 2 P21 P22 P23 P24 P25 P2+ P1+–P22 
Category 3 P31 P32 P33 P34 P35 P3+ P1+–P33 
Category 4 P41 P42 P43 P44 P45 P4+ P1+–P44 
Category 5 P51 P52 P53 P54 P55 P5+ P1+–P55 
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 Total Timeline 2 P+1 P+2 P+3 P+4 P+5 1  
 Gains P+1–P11 P+2–P22 P+3–P33 P+4–P44 P+5–P55   
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