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Environmentally sustainable urban form in developing cities: case study

Abstract

Worldwide cities in developing countries are urbanising very rapidly. Urbanisation process has impacts on the environmental sustainability. This research aims to explore environmentally sustainable urban spatial forms in developing cities. This research compares three major types of urban forms - compact city, urban expansion, and new town in the case study city Dhaka, the capital city of Bangladesh. This utilised a qualitative thematic analysis of the empirical data (collected through site surveys and stakeholder semi-structured interviews) and available relevant literature. Dhaka is experiencing very high urban growth through intensification of the core areas as well as peripheral expansion. The results reveal these processes are not environmentally sustainable due to high density in the inner city. Rather, planned and purposeful self-contained new town with sufficient compact, mixed, and diverse land use is the most environmentally sustainable urban form in Dhaka. However, it is challenged socio-economically.
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1	Introduction
The speed of urbanization in developing countries is similar to that of developed countries during their peak, and the urban growth rates that are comparatively rapid (Farrell, 2017). Urbanisation has significant impact on the economy and society. Urbanisation process can affect the sustainability of a city in various ways. Sustainable development is the “development that meets the needs of the present generation without compromising the ability of future generations to meet their own needs” (WCED, 1987, p.8). The concept of environmental sustainability can provide a better way of understanding the local and global environmental consequences (Newman, 2006). Forms of human settlements motivated and provoked scholars and practitioners to achieve sustainability (Jabareen, 2006). There is wide debate in urban research about the sustainable urban forms. 
This research aims to explore environmentally sustainable urban form in highly urbanised developing cities. The research question is to identify which policy of urban form in developing countries is more environmentally sustainable among three major forms: (1) compact cities (urban densification/ intensification), (2) urban expansion (less densified cities with larger size through peripheral development), and (3) the new town (decentralised development through a polycentric model of urban form)? The compact city policy allows physical and demographic densification within the existing urban area. The urban expansion policy permits development in the peripheral area to make a larger city with less density. Polycentric city policy that creates new town allows dispersion/decentralisation of the self-contained settlements deliberately in new sites, remote from the main city.
Urban planning can create different urban spatial structures (Bertaud, 2004). As urban growth has impacts on the physical environment, the growth management policies need to be environmentally sustainable. Urban growth will be more sustainable if there is an effective policy background which commits to global and local sustainability goals (Williams, 2004). Urban planning policy research significantly discusses about different policies relating to urban forms, while thinking about environmental sustainability (such as Clark, 2002; Davoudi, 2003; Jabareen, 2006; Jenks et al., 1996; Lynch, 1981; Marshall, 2005; Yue et al., 2010). However, there is limited research on the potential urban growth management policies considering environmental sustainability in the cities of developing countries (Yue et al., 2010), specially on urban form. This research limits its scope to study urban expansion policies in case study city Dhaka, the capital city of Bangladesh, which is a representative of the cities in developing countries.
Dhaka is a South-Asian megacity that is experiencing very high urban growth and merged with various environmental problems. It is one of the fast-growing megacities with very high population density. Unplanned urban growth is very widespread in the city and this is further increasing with a very high rate. Therefore, it requires research about the potential urban form in Dhaka in order to manage uncontrolled urban growth and environmental sustainability. 
	
2	Methodology
This research adopted a qualitative case study approach for a detailed analysis (Flyvbjerg, 2006). This research followed case study strategy due to fulfil three purposes- exploration, description, and explanation (Yin, 2012) to determine the sustainable urban form in developing city. Qualitative approach of this research empowered the opinion of the stakeholders to analyse the suitability of urban expansion policies in the case study city. 
Multiple methods of data collections are utilised to answer the research question. This research has utilised available relevant literature, site surveys and semi-structured face-to-face interviews for data collection. The site surveys were conducted in three case areas of Dhaka, selected based on spatial location and physical density: Kallanpur (located in central city), Savar (located in north- western periphery of Dhaka metropolitan area) and Purbachal (a new town, located in eastern fringe). A semi-structured and detailed ‘site visit schedule’ is utilised as tool for site data collection. 
Semi-structured face-to-face interviews were conducted with 50 stakeholders who are related to urbanisation in Dhaka. They were selected through both purposive and convenience sampling techniques from three groups: representatives of relevant governmental development organizations, experienced civil persons (academician, researchers, representatives in non-governmental organisations), and community peoples of the three case areas. Direct opinions of the stakeholders were collected using a semi-structured ‘interview schedule’ through face-to-face, one-to-one, and open-ended interview approach.
The stakeholders provided their views about the sustainability criteria of urban forms based on their subjective judgements during semi-structured interviews. 'Conceptual frameworks on environmental sustainability criteria' section (see later) explains the attributes that are included into interview schedule and site visit schedule.  This section also describes the process to access the environmental sustainability of urban forms more explicitly. Possibility to achieve the environmental sustainability criteria through the urban forms is arbitrated based on qualitative and inductive thematic analysis of the empirical data (interviews and site surveys) and the literature. This research achieved validity and reliability through triangulation of data, collected from multiple data sources. The research findings might be generalisable in the cities of other developing regions having similar socio-economical, demographic, political, and cultural background. 

3	A comparative review of literature on 'urban forms' 
Lynch (1981, p. 47) defines urban form as “the spatial pattern of the large, inert, permanent physical objects in a city”. This section presents a comparative review of the urban growth policies relating three urban forms: (1) compact city, (2) city expansion due to peripheral development, and (3) new urban, created through ‘polycentric city’ policy. 
Compact city uses urban land more efficiently by increasing the density of development and activity (Jenks, 2000), proposes diverse and mixed land uses, efficient land planning and transport system (Jabareen, 2006). Since the 1990s, research has advocated the compact city as the sustainable urban form (Jabareen, 2006), and the polycentric urban form has generated much attention from scholars afterward (such as Clark, 2002; Davoudi, 2003). Polycentric urban form decentralise unmanageable, congested, polluted city to suburban (Clark, 2002; Yue et al., 2010; Davoudi, 2003). Although literature based on developed countries focuses on the benefits of compact as well as polycentric cities over monocentric, these policies are overlooked in the context of developing cities. While these forms are widespread in developed countries in a planned way, developing cities are expanding and experiencing sprawl development in the peripheral areas of central urban. Theoretically peripheral development increases the size of a city and reduces the density (Marshall and Gong, 2009). 
Several researchers claim compact city can create sustainable urban forms as compact city can accomplish sustainable land use, reduced sprawl, social cohesion, good accessibility, and economic viability (Hardoy and Satterthwaite, 1992; Jabareen, 2006; Jenks et al., 1996); though it is examined in the context of developed countries. Dense cities provide better and cheaper access to jobs and other urban activities; promote efficient operation of the transit system, and create less pollution for reduced motorised travel (Bertaud, 2004). Conversely, the extreme compact city proposal is unrealistic and undesirable (Breheny, 1992). High population density often overwhelms the existing infrastructure, and produces environmental risks (Nahrin, 2018; Ferguson, 1996; Kingsley et al., 1994). Richardson et al. (2000, p.33) state that “denser living environments are associated with higher air-pollution-related human health damage, more traffic congestion and noise, more exposure to toxic releases, closer proximity to hazardous waste sites, higher risks of disease from contaminated water and overloaded sanitation systems”. 
Densities in developing country cities are much higher than in developed countries, especially in the central city. In the context of the cities in developing countries, Burgess (2000, p.15) stated “high demographic growth, low levels of economic development, high income inequalities, small urban budgets and shortages of environmental infrastructure, shelter and basic services have a critical effect on densification policies and the effectiveness of policy instruments”. Williams (2004) claims that the compact city policy is not appropriate for developing cities because of the existing dense development there, combined with lack of compliance with land use planning, the high number of self-built housing, the small urban budget and due to the lack of standard urban services required for urban densification. 
The extension of the city periphery is generally caused by the supply-based housing for the middle and low-income bracket and new migrants, because peripheral land is comparatively cheaper than land in the inner city (Torres et al., 2007). Bertaud (2004) claims larger cities are more productive than small cities as they can provide a larger effective labour market. His claim is overturned by Burgess (2000, p.20)’s claims, “The bigger the city, and the higher its levels of consumption, the greater would be its ecological footprint”. “The vast and widespread expansion of peripheral development not only takes up valuable land and increases transport problems, but also has other costs and impacts on people’s lives” (cited in Jenk, 2000, p.356). If a city has a policy to increase the land it consumes, then it will increase its car use (Newman, 2006). Cohen (2006) advocates that when cities grow, the task of managing them becomes more complex. 
The new towns are developed purposefully when the main city becomes congested and unmanageable. Many cities in the North are decentralising and developing polycentric nodes within the metropolitan region, commonly known as suburban, sub-centre or satellite cities. Marshall (2005, p.33) stated that “a ‘satellite’ system of strategic development could imply a fairly definite overall topological pattern, whereas ‘new settlements’ do not presuppose a particular topology”. New town needs to be self-contained in all respects of urban services within the city region. Nevertheless, building new settlements involves enormous costs (Burgess, 2000). 

4	Conceptual frameworks on 'environmental sustainability criteria'
Sustainability dimensions are environmental, economic, social, and institutional. Development should be equitable, liveable, and viable to become sustainable (Tanguay et al., 2010). Through a sustainability assessment approach, it might be possible to achieve benefits of urban growth policy options through reducing their local and global impacts, and improving their liveability and opportunity (Newman, 2006). Mori and Christodoulou (2012) argued that though cities have social and economic impacts on sustainability that create environmental externalities. This research assesses environmental sustainability of the urban forms in Dhaka based on the realisation of a selection of ‘environmental sustainability criteria’. 
Environmental sustainability indicator-based literature and research are mostly available for developed countries (Verma and Raghubanshi, 2018). Therefore, the environmental sustainability criteria are selected through a combination of the concepts suggested in literature as well as environmental burdens due to urbanisation in developing countries. To better understand the relationships between different environmental sustainability indicators and urban form- this research applied theme-based indicator frameworks. Theme- or issue-based framework is multi-dimensional, integrative, and flexible that has a hierarchical organisation of the indicators based on key themes or issues to assist policy analysis (UN, 2007; Verma and Raghubanshi, 2018).
UN Commission on Sustainable Development (UNCSD) identified five environmental sustainability themes that are atmosphere, land, ocean, fresh water, and biodiversity (UN, 2007). Urban sustainability includes a number of issues that entail biodiversity, energy, material balance, air pollution, heat island, noise pollution, and so on (Verma and Raghubanshi, 2018). Tanguay et al., (2010) included environmentally sustainable indicators: energy, transport, air quality, noise, drinking water, green space, ecosystem and heritage, waste, and ecological footprint. Dizdaroglu (2015) identified sustainability criteria like minimising energy consumption via green building design technologies, sustainable transport, environmental protection and restoration. 
Urbanisation process has some influences on the environment regardless of the spatial pattern of urban areas. The urban growth directly affects habitat, ecosystems, endangered species, and water quality through replacement of natural cover with impervious surfaces (US EPA, 2001). Land use transformations of arable land, forest, and natural drainage channels for developing urban settlements leads to destruction of the natural environment. It prevents the natural infiltration of rainwater into the ground due to the land covered by impervious surface. Therefore, the occurrence of waterlogging is very common unless an efficient rainwater drainage channel is established in the cities. Lack of utility services through unplanned development in developing cities can create water, air, and soil pollution (Ferguson, 1996; Kingsley et al., 1994). In the urban areas, there is a tendency of reduction in the green areas, water bodies, and an increase in the paved areas. The increased build-up areas and the reduction of natural land cover significantly increase urban temperature (Dewan and Corner, 2014). Several research presented a positive correlation between the land surface temperature and impervious area in urban (Karakuş, 2019; Zhou et al., 2014). Therefore, Butera (2008) asserted that surface temperature distribution in urban areas is affected by the heat radiation balance and solar radiation on urban surfaces, and consequently urban areas have higher temperatures than surrounding rural areas. 
Environmental impacts of urban systems are caused by resource consumption (Newman, 2006; Irurah and Boshoff, 2003). However, as the inhabitants of poor cities are mostly poor people who use comparatively little energy and water, the overall ecological footprint of developing cities is less than developed cities (Irurah and Boshoff, 2003). Therefore, though reducing energy consumption, use of renewable and recycled energy and materials is important for a sustainable environment (viability objective of environmental sustainability)- is not significantly covered within the scope of the research, especially the matter of transport emission. Hence, the research limits its scope to target only the themes- land, fresh water and biodiversity (not atmosphere, ocean) identified by UNCSD. Eventually, the global environmental impacts (i.e., climate change) are not assessed for an environmental assessment of the urban forms, rather the local and immediate environmental impacts (mainly ‘brown’ agenda) at metropolitan level are analysed. Building orientation for maximum solar gain, passive ventilation is considered as this might reduce building temperature, eventually local surface temperature. These environmental consequences of urbanisation process negatively affect the sustainability component, especially viability and liveability (Butera, 2008; Dizdaroglu, 2015; Tanguay et al., 2010; UN, 2007; Verma and Raghubanshi, 2018). 
‘Environmental sustainability criteria’ are identified under five major themes considering the environmental influences of urban development activities (discussed above) and literature (explained in Table 1) through theme-based indicator process. Then the criteria are aggregated into five major groups to realise sustainable urban form in Dhaka (Table 2). The criteria were included in the site visit schedule and interview schedule to get empirical data. Thereafter, after data analysis, these criteria were set out on a scale of 0 to 3 (poor to good prospect) for different urban forms through normative judgments and arbitrary weighting, and then displayed with a sustainability radar chart.
Table 1: Theme-based indicator frameworks of environmental sustainability criteria
	Theme
	Sub-theme
	Environmental sustainability criteria

	Biodiversity 
(UN, 2007; Verma and Raghubanshi, 2018; Dizdaroglu, 2015)
	Flora, wildlife, and habitats.
	Conserving flora, wildlife, and habitats.

	
	Agricultural land, water. bodies and wild areas.
	Protecting agricultural land, water bodies and wild areas.

	
	Green belt, park, and open spaces.
	Developing green area, i.e., green belt, park, and open spaces.

	Land 
(UN, 2007, Jenk, 2000; Tanguay et al., 2010)
	Agricultural land.
	Protecting agricultural land.

	
	Water bodies. 
	Protecting water bodies. 

	
	Wild areas/vegetations. 
	Protecting wild areas.

	
	Green belt, park, and open spaces.
	Developing green area, i.e., green belt, park, and open spaces.

	
	Pollution. 
	Reducing soil pollution from waste and sewage.

	Water 
(UN, 2007; Tanguay et al., 2010)
	Rainwater drainage
	Effective natural drainage system, i.e., canals, rivers.

	
	Underground water recharge 
	Constructing porous surfaces, open areas for underground water recharge.

	
	Water relevant disaster  
	Reducing waterlogging.

	
	Water bodies
	Protecting water bodies. 

	
	Pollution
	Reducing water pollution from waste and sewage.

	Transport 
(Tanguay et al., 2010; Dizdaroglu, 2015)
	Public transport
	Providing infrastructure for public transport.

	
	Walking and cycling 
	Providing infrastructure for walking, cycling.



Table 2: Five major groups of environmental sustainability criteria 
	Environmental sustainability criteria 
	Environmental sustainability objective

	Protecting biodiversity
· Conserving flora, wildlife and habitats
· Protecting agricultural land, water bodies and wild areas,
· Developing green area i.e., green belt, park and open spaces
	Liveability 

	Reducing pollution
· Reducing water pollution from waste and sewage 
· Reducing soil pollution from waste and sewage
· Reducing noise pollution (Verma and Raghubanshi, 2018; UN, 2007; Tanguay et al., 2010)       
	Liveability

	Underground water and effective drainage 
· Effective natural drainage system, i.e., canals, rivers 
· Constructing porous surfaces, open areas for underground water recharge
· Reducing waterlogging
	Liveability 

	Reducing local land surface temperature (Butera, 2008; Verma and Raghubanshi, 2018; UN, 2007)
· Orientation of the building for maximum solar gain, passive ventilation 
	Viability, Liveability 

	Effective transport
· Providing infrastructure for public transport, 
· Providing infrastructure for walking, cycling
	Viability, Liveability



5	Urban planning system in Dhaka
Rajdhani Unnayan Kartipakkha (RAJUK) (the Capital Development Authority) is the special development agency that is responsible for physical planning and development control in the Dhaka metropolitan area, which covers 1528 square kilometres. The municipal organisations such as City Corporations and Pourashavas (local municipal governments), and utility service-providing organisations have discretionary powers. Planning framework in Dhaka is not very well-established, fragmented or sufficiently decentralised. Therefore, there is opportunity for adopting new policy and strengthen
ing the organisational framework to adapt with a new policy. 
Settlements in central Dhaka are very highly intensified, characterised by narrow streets and highly compacted buildings. The cities’ central developed areas are further intensifying as well as expanding in peripheral areas. The peripheral expansion of Dhaka is happening through transformations of low lands, wetlands, agricultural lands, and other environmentally sensitive areas (Alam and Ahmad, 2010; Islam, 2009). The DMDP has suggested promoting satellite towns in Dhamsona, Gazipur, Savar, Kaliganj and Purbachal (Yusufganj) within the RAJUK area that are beyond the main urbanised area and within commutable distance. RAJUK has already developed Purbachal (Yusufganj) as a satellite town and allotted plots to potential buyers. However, this new town is still less populated because there is still a lack of provision of infrastructure and utilities, as well as commercial and employment facilities to make it sustainable. Some land development companies also developed some private new towns with lack of urban services in the remote areas beyond the main urbanised areas. However, most of the buyers are not able to live there (according to the interviews with planners and planning academics).    

6	Environmental sustainability assessment of the urban forms in Dhaka
Environmental sustainability of urban forms is mostly site specific. Realising sustainability criteria by urban forms are weighted based on the subjective judgements of the stakeholders participated in this research. This is aggregated to measure the environmentally sustainable urban form in Dhaka. Prospects of the different urban forms in Dhaka are discussed below considering the selected ‘environmental sustainability criteria’.

6.1	The compact city policy 
The DMDP targets induce mixed uses and the development of the unused, underused, and derelict land within the main urbanised areas in Dhaka. The city is experiencing densification with the high demand for housing for the increasing number of people (mainly through rural to urban migration); the engagement of real estate companies (through constructing high-rise apartment projects), and land subdivision by private initiatives (according to the interview with one planner and one housing researcher). Site visits found the construction of high-rise apartments, which are replacing the old low-storey structures within the core city of Dhaka. 
There are some advantages of the 'compact city' policy in core areas of Dhaka. Intensification within the inner city can protect the peripheral and outlying land resources, and valuable rural and agricultural lands from land speculation. Development consolidation has the potential to reduce the sprawl development in the unused and vacant land. However, on the contrary urban densification increases the invasion on open spaces and vacant land within the city. Most of the dwellers interviewed expressed their concern about the reduction of open spaces in their localities. This policy reduces inner city vegetation areas. The number of poor people increases in Dhaka. It is unlikely that these poor people will be able to afford expensive housing in the formal housing market in the core city (Alam and Ahmad, 2010). As a result, it was found in site surveys that the poor peoples occupy public land illegally and other environmental areas such as canal sides, flood flow zones, and water bodies. It is evident from site surveys that the habitats of species have been drastically reduced within the inner city. More densification would reduce the habitats, flora and wildlife in the city further. 
Although, development of the redundant or underused areas within the city might contribute to the economy through optimising the utilisation of the land in Dhaka, it is difficult to sustain itself with a growing population because the city lacks financial and organisational capacity. Site survey and stakeholder interviews revealed an excessive increase in density is already minimising the benefits of 'compact city' theory in the central area of Dhaka - due to stress on transportation networks, lack of maintenance, and increased congestion. One official of the House Building Research Institute stated “The main reason for so many problems in Dhaka is the excessive population. If the population increases, the problem of Dhaka will increase in the same way”.
Compact city policy is feasible for the cities that are hosting a very insignificant number of populations to support public transport and economic base (like many cities in the US and Europe), but densification of Dhaka that already have more than 28000 persons per square kilometre (in the core city), might unrealistic. All professionals interviewed expressed their views that the utility service provider agencies cannot provide sufficient services due to high population growth and high density in Dhaka (also according to site surveys and Nahrin, 2018). More density will overwhelm the present infrastructure in the city. If the service providing agencies cannot provide sufficient and efficient facilities for the more intensified areas and for more people, the enormous amount of waste would become unmanageable and would create more pollution in this city. 
Compact city policy eventually will increase the paved areas, thus will increase rainwater run-off. One planner stated that in “earlier days, there were a lot of open areas. So, rainwater could go underground. But it is not happening due to densification and therefore increased water congestion”. More densification without providing sufficient natural and well-maintained stormwater drainage facilities (this is more likely to happen considering the capacity of public agencies) would further increase waterlogging and flooding in Dhaka. Moreover, compact development will increase the water demand. Consequently, the requirement for underground water abstraction would increase for the water supply authority. Moreover, more paved areas through the compact city would reduce stormwater recharge into the underground. If the water supply authority does not promote alternative sources for collecting water, the groundwater table would further reduce along with increasing demand-based water withdrawal from the underground, coupled with the reduced amount of rainwater replenishment underground. 
As a core area in Dhaka is already highly developed and very few places for new building construction (allowed for compact city policy), in most cases it is not possible to achieve orientation of the building for maximum solar gain, passive ventilation for reducing building temperature. More intensified construction along with reduced open areas and vegetation will increase the surface temperature of the city. 
Zaman and Lau (2000) state that Dhaka is a low motorized city having a majority of non-motorized travel that confines people’s travel within a close proximity. Interview with the majority of the stakeholders reveals that extreme traffic congestion in Dhaka is one of the major causes for the unwillingness of the city dwellers to make long trips for employment and access other facilities (also Zaman and Lau, 2000). However, compactness will increase traffic problems like traffic jam, traffic noise. Lack of a mass transit system and lack of capacity in public agencies to provide infrastructure in the new town is reinforcing high demand on land and housing within the inner city. However, due to already congested and unplanned development in the core city, it is less likely to promote sustainable public transport infrastructure as well as infrastructure for walking and cycling. This is because of a lack of space required for installation of the services and infrastructure.   
Considering environmental sustainability, compacting the inner city of Dhaka is not realistic anymore. Whether the compact city policy has potential for the suburbs around the core city will be discussed later.      

6.2	The urban expansion policy 
The DMDP recommends the outward expansion of urbanised areas in Dhaka to cater for the high population growth (DMDP, 2016). Urban expansion policy is responsive to the planning policy to defuse development around the core city through peripheral development. Peripheral development provides an opportunity for gradual development. According to Marshall and Gong (2009) the larger cities tend to be less dense compared to the smaller. Therefore, it is perceived that peripheral expansion might reduce urban intensification and resulting environmental problems. However, one of the statutory consultants of the Bangladesh National Building Code review committee interviewed stated that “already Dhaka city has become very big in size. It is not right to grow bigger. Every day, a number of people are coming to Dhaka. One crore (10 million) of people! Where are they living? Nobody knows. Should not let it (Dhaka) become bigger”.
The urban expansion policy of Dhaka through peripheral development will increase the physical size of the urban core, and become unmanageable for the existing planning and development frameworks. Although peripheral development could protect the existing open and vacant land, vegetation in the central and main build-up city area, and conserve the habitat there, it has many disadvantages. Dhaka became a megacity from a small town through gradually overtaking peripheral areas. It is more likely that this expansion is happening through encroachment on peripheral suburban, agricultural land, forest, low land, and water bodies that are environmentally very important. Several studies show that environmentally sensitive areas of peripheral land are being converted through private, individual, and small-scale initiatives, and mass level subdivision by private land developers (according to the planners interviewed as well as Alam and Ahmad, 2010; Islam, 2009; Alam and Rabbani, 2007; Islam, 2007). Thus, the habitat of different species has gradually been destroyed.
Even though valuable rural and agricultural land is converted in the peripheral areas, it creates underutilised and speculated land there. Islam (2009) has shown that land requirements for the projected increase in population by 2015 were 4,440 hectares, while 10,294 hectares of land has already been converted into housing projects by both public and private sectors in Dhaka. This means that the land taken for housing development in Dhaka was far above the requirements for housing up to the year 2015, which promoted land speculation in the periphery. Consequently, converting any environmentally valuable peripheral land is not justified anymore. 
RAJUK as well as utility service providing agencies have a lack of capacity for infrastructure and service provision in the peripheral areas. Therefore, the fortunes of peripheral development might be the same as the high-density sprawl development in the inner-city creating pollution. Moreover, due to a lack of utility infrastructure in the peripheral areas, these housing areas will create more pressure on the utility services and facilities in the main areas in Dhaka. Therefore, the environmental situation in the inner city would be further aggravated through peripheral development. 
The low lands, water bodies and agricultural lands that were accumulating and draining the stormwater earlier are now being filled with earth (according to site surveys and interview with the planners interviewed as well as Alam and Ahmad, 2010; Islam, 2009; Alam and Rabbani, 2007; Islam, 2007). Therefore, incidences and frequencies of waterlogging and flooding have increased in Dhaka. Accordingly, further peripheral land development will increase the flooding and waterlogging in and around the city. Through the increase in peripheral development, the increased paved area will reduce rainwater replenishment areas underground. Due to the urban expansion policy the physical size of the core city and the population will increase. Water requirements will also increase. Consequently, the water supply authority will need to withdraw more water from underground that will lower the underground table. 
It is possible to achieve orientation of the building for maximum solar gain, passive ventilation for reducing the temperature due to ample space compared to the core city. Nonetheless, the land surface temperature will increase due to the increased tilted surface through peripheral development and conversion of the vegetation and water bodies in Dhaka. Jenks (2000) claims that the infrastructure provision costs are cheaper in the periphery than to the denser city centres. It might be possible to provide walking and cycling infrastructure with proper planning due to ample vacant areas compared to the densely developed center city. Though the provision of public transport is cost effective and complicated in the peripheral area, there is a possibility if there is political will.  

6.3	The new town policy 
Site survey and interview explained that the central area within the Dhaka metropolitan has become unmanageable considering the traffic, housing, and environmental situation. The DMDP has the policy objective of developing self-contained new towns within the RAJUK’s jurisdiction area and in outlying areas from the main urbanised and congested inner-city. The DMDP targets the developing planned new towns purposefully as a remedy for overcrowding and congestion in the densely developed central areas in Dhaka and to diffuse the settlements in outer city. One of the housing researchers interviewed pointed out that “it is required to implement the satellite towns suggested by the DAP. The population of central Dhaka has become very high and becoming highly dense every day. So, it needs to decentralize Dhaka. The people from central Dhaka need to be relocated there (satellite towns). The satellite towns need to be self-contained with provision of trade and commerce, education and health, and these should not be sub-urban areas of the main built-up city. If the people need to come to main Dhaka from there, the problem will not be solved”.
Promotion of new towns will prevent densification in the main built-up areas of the city, thus will reduce the environmental consequences there. It is quite common that in the development of new towns, conversion of virgin lands is required among which some might be environmentally sensitive land (such as agricultural areas, canals, rivers, flood flow zones, and other water bodies). Thus, new towns will demolish the habitat there. It is true that new towns can protect the open areas within the central city and periphery, through taking open spaces for urban use from the edge and remote areas.  It is anticipated that as core cities have few open areas, land resources there are more valuable than beyond the city. Moreover, the DMDP emphasised the importance of relatively flood free land; minimum conflict with high value agricultural land; and proximity to the existing core settlements (Islam, 2009). Therefore, RAJUK can protect these environmentally valuable areas (i.e., flora, wildlife and habitat) through strengthening the proposed implementation frameworks of the DMDP and the provision of strong monitoring. 
One planning academic interviewed declared that “there is much scope to implement the planning rules in the new residential areas. For example, new urban areas can be developed by conserving certain percent of water bodies that can retain rainwater retention ponds that can be used in case of firefighting and for fishing”. New towns might reduce the process of developing a tilted surface, and will reduce waterlogging and flooding in the inner city. Conserving the flood flow areas and retention ponds through appropriate implementation of the strategic plans for the new towns would prevent waterlogging and flooding within the new towns. Moreover, the provision of a sufficient quantity of open land and conserving the water bodies and vegetation in the new towns might prevent land surface temperature increases and groundwater depletion. Furthermore, in the new towns, it is possible to achieve orientation of the building for maximum solar gain, passive ventilation for reducing temperature of buildings due to ample space compared to the core city.
Planned new towns can increase utility services and reduce opportunities for producing unmanaged solid waste and sewage to prevent surface and underground water, air, and soil pollution locally in Dhaka (based on interviews with the planners and community people).  Infrastructure installation before development and in less densely developed areas is cost-effective than when retrofitting (Nahrin,2018; Ferguson, 1996, Jenks, 2000). This might be evident that utility infrastructure as well as a transport infrastructure installation in the new towns will be economic compared to the core city. Moreover, the new town can be developed with proper walking and cycling facilities, as well as public transport infrastructure due to availability of ample space to install compared to the compact inner city. Thus, the polycentric city has the environmental benefits to achieve liveability and viability.    

7	Summary of the findings and discussions
The previous section has justified that the new town policy can achieve most of the environmental sustainability criteria compared to compact city and urban expansion policy in Dhaka. Based on the explanations in the previous sections and thematic aggregation of subjective judgements of the stakeholders, Table 3 summarises the opportunity to accomplish the environmental sustainability criteria in Dhaka by three major urban forms: compaction of city, urban expansion, and decentralisation of settlements in new towns. Afterward, a radar graph depicts the relative status of the environmental sustainability criteria of the major urban forms in the city (Figure 1). It is explained in the conceptual framework that the aggregated outcome on the possibility to achieve the environmental criteria by the urban forms. It shows new town concept covers larger area that means higher prospect of this urban forms to achieve higher environmental sustainability.   

Table 3. Possibility to achieve environmental sustainability criteria by urban forms.
	Environmental sustainability criteria 
	Compact city  
	Urban expansion  
	New towns 

	Protecting biodiversity
· Conserving flora, wildlife and habitats
· Protecting agricultural land, water bodies and wild areas,
· Developing green area i.e., green belt, park and open spaces
	
Not possible
Not possible
Not possible
	
Possible* 
Possible*
Possible*  
	
Possible 
Possible 
Possible

	Reducing pollution
· Reducing water pollution from waste and sewage 
· Reducing soil pollution from waste and sewage
· Reducing noise pollution         
	 
Not possible
Regardless  
Not possible 
	
Less likely 
Regardless 
Less likely  
	
Possible 
Regardless
Possible  

	Underground water and effective drainage 
· Effective natural drainage system, i.e., canals, rivers 
· Constructing porous surfaces, open areas for underground water recharge
· Reducing waterlogging
	
Not possible
Not possible 

Not possible 
	
Complicated  
Possible 

Complicated 
	
Possible 
Possible 

Possible  

	Reducing land surface local temperature 
· Orientation of the building for maximum solar gain, passive ventilation 
	
Not possible

	
Possible

	
Possible


	Effective transport
· Providing infrastructure for public transport, 
· Providing infrastructure for walking, cycling
	
Less likely
Less likely
	
Complicated 
Possible 
	
Possible 
Possible 


*But not expected


Figure 1: Assessment of environmental sustainability criteria for different urban forms 
Source: Author

This research claims intensification of urban development in the inner city is not environmentally sustainable due to the existing high density, despite interview with the community people reveals the urban citizens prefer to live there due to social and economic advantages (also Bertaud, 2004; Burgess, 2000; Hardoy and Satterthwaite, 1992; Jabareen, 2006; Jenks et al., 1996). Although, new town policy is environmentally sustainable in Dhaka, the people’s expectations in Dhaka and the new town policies are conflicting. The proposed and the developed new towns (e.g., Purbachal) are not yet self-contained through promotion of commercial and employment opportunities. It is more likely that the lack of infrastructure upgrading is discouraging new town development. Moreover, decentralised and dispersed land use through the new town policy is constrained in Dhaka due to lack of automobile ownership in Dhaka (Zaman and Lau, 2000; Rahman, 2009) and lack of mass transport system for convenient travel between the main and new towns. The majority of the people in Dhaka are tenants and the tenants in the city prefer to live close to their workplace in the core city compared to any other rental housing location choices (Nahrin, 2009). Moreover, the rural migrants, whose number is exorbitant in Dhaka, (60 percent, according to Pantelic, 2000) will be less interested in migrating to the new towns due to the lack of facilities. Furthermore, there might be a lack of interest from the investors to develop commercial facilities and economic opportunities due to the lack of pull factors (e.g., commercial facilities, transit facilities) in the new towns. Moreover, it would take a long time for the real estate companies to recoup their investments there. 
Most of the private new towns (developed by the private developers) in Dhaka are seizing agricultural land in the urban fringe areas of Dhaka legally and illegally with limited services and infrastructures (according to stakeholder interview, also Nahrin,2018; Alam and Ahmad, 2010; Alam and Rabbani, 2007; Islam, 2009; Islam, 2007). Subsequently, the buyers of plots in the private as well as public new towns are not able to reside there. Therefore, many land projects in the remote areas (away from the built-up areas) have only speculated on land resources and are not utilised for housing, economical, and commercial purposes.
Although there are several challenges to implement the new town policy, stakeholders’ interviews revealed that there is still an opportunity to reduce these challenges if there is political will. It is necessary to construct transport infrastructure connecting the new towns and the core city, as well as within the new towns. The DMDP has a long-term road development strategy for several important primary roads running from the central city to new outward urban areas (DMDP, 2016) - this is currently underway. Moreover, for successful new town development, it needs to develop various forms of 'decentralised concentration' (Breheny, 1992) in Dhaka, which might promote socio-economic advantages of the compact city policy.	It implies that the new town is the environmentally sustainable urban form, which has compact, mixed land uses with adequate diversity (also Jabareen, 2006). Therefore, the urban government needs to reform the urban settlement policy considering the environmental sustainability due to the less feasibility of the existing pattern of densification of the inner city and urban expansion. Furthermore, this research identified through interviews the importance of institutional reform of the planning framework. Though the new urban policy has potential to promote environmental sustainability, it would require political and financial commitments, and support for fully functional new urban areas in Dhaka.   
Finally, this research reiterates it requires reducing the key impediments to implement the new urban policy with sufficient compact, mixed and diversified land uses for environmental sustainability in Dhaka. Consequently, the new towns will avail the benefits of compact city (e.g., mentioned by Bertaud, 2004; Hardoy and Satterthwaite, 1992; Jabareen, 2006; Jenks et al., 1996) and reduce the environmental disadvantages of high compactness of the core city. New towns can create opportunities for the city dwellers to live in less congested and less polluted areas within the metropolitan area. The limitation inherent in this research is that it is not evaluating the matter of trade-off between socio-economic vs. environmental sustainability theoretically as well as empirically, in the respect of managing urban growth. Further research has scope to outline this.  

7	Conclusions
Worldwide cities in developing countries are urbanising very rapidly. Urbanisation processes significantly influence environmental sustainability. Urban planning can promote different urban forms, which have varying environmental impacts. This research compares environmental sustainability of three major urban forms: (i) compact cities (intensification of urban land use and activities) (ii) urban expansion (peripheral developments), and (iii) new town development (decentralised urban through polycentric model) in the case study city Dhaka. 
Dhaka is one of the fastest growing megacities and the city is encumbered with several city problems like high congestion, pollution, lack of utility services, and there is a large amount of sprawl. The urban plans in Dhaka have taken diverging spatial development policies of both compact city (urban consolidation) and diffusion of urban at the same time (peripheral development as well as new town policy). Dhaka city is experiencing both high densifications in the inner city as well as peripheral expansion. The proposed new towns are not still populated due to lack of urban services.  The results of the research reveal the compact city form is not feasible for the core areas in Dhaka, because these areas already have very high densities and are hampering environmental sustainability. Densification of the inner city in Dhaka is creating overcrowding, an unplanned and environmentally unfriendly city. Further densification will overwhelm the infrastructure and further deteriorate the environment. The importance of ‘counter-densification’ has received attention in this research. 
This research found that peripheral development needs to be limited to reduce further pressure on the main urbanised area in Dhaka. Peripheral development results encroachment of the environmentally sensitive land (e.g., agricultural land, forest, low land, and water bodies). This research resulted that though it is possible to attain most of the environmental sustainability criteria through peripheral development, it is criticised about its acceptability due to a challenge of becoming an unmanageable large city.    
This research claims that self-contained new towns with sufficient compact, mixed and diversified land use is the most sustainable urban form in Dhaka. This revealed that developments of new towns will have the potential to control the reduction of open areas within the inner city and create open areas in the urban periphery. Although new towns will transform valuable land resources from the outlying areas of the inner city, planned and purposeful development there can prevent environmental problems compared to the unplanned development in the main urbanised areas. It might be possible for the city government to develop more sustainable settlements in the new towns through rectifying the mistakes of urban planning policies and strategies in the inner city. 
Although the new town policy is environmentally sustainable in Dhaka, it is socio-economically challenged. For the implementation of new town policies, sufficient infrastructures and transit facilities, within and among the new towns and the main city, is required. Moreover, it needs promoting compact, mixed, and diversified land uses for functional new towns due to providing urban facilities, economic facilities; and utility services. Since, this might be difficult to achieve with the present limited financial and organisational capacity in Dhaka. Therefore, it requires government commitments toward an environmentally sustainable urban form, especially spatial development policy and institutional reform. 


References
Alam, M. J. and Ahmad, M. M. (2010) 'Analysing the lacunae in planning and implementation: spatial development of Dhaka city and its impacts upon the built environment', International Journal of Urban Sustainable Development, Vol.2 No.1, pp. 85-106. 
Alam, M. and Rabbani. M.G. (2007) 'Vulnerabilities and responses to climate change for Dhaka', Environ Urban, Vol. 19 No. 1, pp. 81-97.
Bertaud, A. (2004). The Spatial Organization of Cities: Deliberate Outcome or Unforeseen Consequence? UC Berkeley: Institute of Urban and Regional Development. [online] Retrieved from https://escholarship.org/uc/item/5vb4w9wb (Accessed 2 December 2013).
Breheny, M. (1992) Sustainable development and urban form, Pion, London. 
Burgess, R. (2000) 'The Compact City Debate: A Global Perspective', in Jenks, M. and Burgess, R. (Eds.), Compact Cities: Sustainable Urban Forms for Developing Countries, Spon Press, London, pp. 9-24.
Butera, F. (2008) Towards the renewable built environment, in Urban Energy Transition, Elsevie, pp. 329-364.
Clark, W.A.V. (2002) 'Monocentric to polycentric: new urban forms and old paradigms', in Bridge, G. and Watson, S. (Eds.), A Companion to the City, Blackwell, Oxford, pp. 141- 154.
Cohen, B. (2006) 'Urbanization in developing countries: current trends, future projections, and key challenges for sustainability', Technology in Society, Vol. 28, pp. 63–80.
Davoudi, S. (2003) 'European briefing: polycentricity in European spatial planning: from an analytical tool to a normative agenda', European Planning Studies, Vol. 11, pp. 979-999.
Dewan, A.M. and Corner, R.J. (2014) ‘Impact of land use and land cover changes on urban land surface temperature. In: Dhaka Megacity’. Springer, Dordrecht, pp 219-238.
DMDP. (2016) Dhaka Metropolitan Area Development Plan (2016-2035), Structure Plan, Rajdhani Unnayan Kartripakkha (RAJUK), Dhaka. 
Farrell, K. (2017) ‘The Rapid Urban Growth Triad: A New Conceptual Framework for Examining the Urban Transition in Developing Countries’, Sustainability, Vol. 9, 1407; doi:10.3390/su9081407. 
Ferguson, B. (1996) 'The environmental impacts and public costs of unguided informal settlement: the case of Montego Bay', Environment and Urbanization, Vol. 8 No. 2, pp. 171-194. 
Flyvbjerg, B. (2006) ‘Five Misunderstandings About Case-Study Research’, Qualitative Inquiry, Vol. 12, pp. 219-245. 
Hardoy, J.E. and Satterthwaite, D. (1992) Environmental Problems in Third World Cities: An Agenda for the Poor and the Plane, International Institute for Environment and Development, London. 
Irurah, D.K. and  Boshoff, B. (2003) 'An Interpretation of Sustainable Development and Urban Sustainability in Low-cost Housing and Settlements in South Africa', in Harrison, P. et al. (Eds.), Confronting Fragmentation: Housing and Urban Development in a Democratic Society, University of Cape Town Press, Cape Town (RSA).
Islam, S. (2007) Physical Density and Urban Sprawl: A Case of Dhaka City. Unpublished MSc thesis, Kungliga Tekniska Högskolan (KTH), Stockholm. [online]  http://www.infra.kth.se/bba/MASTER%20THESISES/SyfulFinal.pdf (Accessed 10 December 2019).
Islam, I. (2009) Wetlands of Dhaka Metro Area: A Study from Social, Economic and Institutional Perspectives, A H Development Publishing House, Dhaka, Bangladesh. 
Jenks, M. (2000) 'The Appropriateness of Compact City Concepts to Developing Countries', in Jenks, M. and Burgess, R. (Eds.), Compact Cities: Sustainable Urban Forms for Developing Countries, Spon Press, London, pp. 343-350.
Jenks, M., Burton, E. and Williams, K. (1996) The Compact City: A Sustainable Urban Form?, E & FN Spon, London.
Karakuş, C.B. (2019) ‘The Impact of Land Use/Land Cover (LULC) Changes on Land Surface Temperature in Sivas City Center and Its Surroundings and Assessment of Urban Heat Island’. Asia-Pacific Journal of Atmospheric Sciences, Vol. 55 (4), pp. 669-684. 
Kingsley, G.T., Ferguson, B.W., Bower, D.T. and Dice, S.R. (1994) Managing Urban Environmental Quality in Asia, World Bank publications, USA. 
Lynch, K. (1981) A theory of good city form, MIT Press, Cambridge, MA.
Marshall, S. (2005) Urban pattern specification. Institute of Community Studies, in Solutions symposium, Cambridge. 
Marshall, S. and Gong, Y. (2009) SOLUTIONS, WP4 Deliverable Report: Urban Pattern Specification. [online] Bartlett School of Planning, University College London.  http://www.suburbansolutions.ac.uk/documents/WP4DeliverableReportNov2009.pdf  (Accessed 12 September 2019).
Mori, K., Christodoulou, A., 2012. Review of sustainability indices and indicators: towards a new City Sustainability Index (CSI). Environ. Impact Assess. Rev. 32, 94–106.
Nahrin, K. (2009) 'An Analysis of the Environmental Attributes for Rental Housing Location Choices to the Households in Dhaka City', Jahangirnagar Planning Review, Vol 7, pp. 61-68. 
Nahrin, K. (2018) ‘Urban development policies for the provision of utility infrastructure: a case study of Dhaka, Bangladesh’, Utilities Policy, Vol 54, pp 107-114.
Newman, P. (2006) 'The environmental impact of cities', Environment and Urbanization, International Institute for Environment and Development (IIED)., Vol. 18 No. 2, pp. 275–295.
Pantelic, J. (2000) Urban-rural Synergies and Poverty Alleviation: The Case of Bangladesh, The World Bank Group, Washington D.C.. 
Rahman, M.S.U. (2009) 'Fuel consumption of transport sector: how the people of Dhaka city will be moving in the future?'. Paper presented at the Act! Innovate! Deliver! Reducing energy demand sustainability. in European council for an energy efficient economy (eceee) Summer Study. 2009. France, 1409-1415. 
Richardson, H.W., Bae, C.C. and Baxamusa, M.H. (2000) 'Compact Cities in Developing Countries: Assessment and Implications', in Jenks, M. and Burgess, R. (Eds.), Compact Cities: Sustainable Urban Forms for Developing Countries, Spon Press, London, pp. 25-36.
Tanguay, G.A., Rajaonson, J., Lefebvre, J.-F., Lanoie, P., (2010). Measuring the sustainability of cities: an analysis of the use of local indicators. Ecol. Ind. Vol. 10, pp. 407–418.
Torres, H., Alves, H. and Oliveira, M.A.D. (2007) 'São Paulo peri-urban dynamics: some social causes and environmental consequences', Environment and Urbanization, Vol.19, pp. 207-223. 
U.N. Department of Economics, (2007). Indicators of Sustainable Development: Guidelines and Methodologies. United Nations Publications.
U.S. Environmental Protection Agency (EPA). (2001) Our built and natural environments: A technical review of the interactions between land use, transportation, and environmental quality. EPA 231-R-01-002.
Verma, P. and Raghubanshi, A.S. (2018) Urban sustainability indicators: Challenges and opportunities, Ecological Indicators, Vol. 93. pp. 282-291. https://www.researchgate.net/profile/Pramit-Verma/publication/325153874_Urban_sustainability_indicators_Challenges_and_opportunities/links/60ad0502458515bfb0a10db4/Urban-sustainability-indicators-Challenges-and-opportunities.pdf 
WCED. (1987) (World Commission On Environment and Development) Our Common Future, Oxford University Press, Oxford.
Williams, K. (2004) 'Can urban intensification contribute to sustainable cities? An international perspective', City Matters [Online] Official Electronic Journal of Urbanicity, UN Habitat Partnership Initiative, https://www.scribd.com/document/246383285/Can-Urban-Intensification-Contribute-to-Sustainable-Cities-An-International-Perspective-Dr-Katie-Williams-pdf (Assessed 12 September 2019).
Yin, R.K. (2012) Applications of Case Study Research, 3rd edition, SAGE Publications, Inc.  
Yue, W., Liu, Y. and Fan, P. (2010) 'Polycentric urban development: the case of Hangzhou', Environment and Planning A, Vol. 42, pp. 563-577.
Zaman, Q.M.M. and Lau, S.S.Y. (2000) 'City Expansion Policy versus Compact City Demand: The Case of Dhaka', in Jenks, M. and Burgess, R. (Eds.), Compact Cities: Sustainable Urban Forms for Developing Countries, Spon Press, London, pp. 255-268.
Zhou, W., Qian, Y., Li, X., Li, W., and Han, L. (2014) ‘Relationships between land cover and the surface urban heat island: seasonal variability and effects of spatial and thematic resolution of land cover data on predicting land surface temperatures’. Landscape Ecology, Vol. 29 (1), pp. 153-167.
Compact city	Protecting bio-diversity	Reducing pollution	Underground water and effective drainage 	Reducing local temperature	Effective transport	1	1	1	1	1	Urban expansion	Protecting bio-diversity	Reducing pollution	Underground water and effective drainage 	Reducing local temperature	Effective transport	3	1	3	3	2	New towns	Protecting bio-diversity	Reducing pollution	Underground water and effective drainage 	Reducing local temperature	Effective transport	3	3	3	3	3	


33

