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ABSTRACT: Today the growing cities have an adverse impact over a larger area than they occupy and convenient transport facilities are 

promoting the urban sprawl to spread its tentacles over the vast hinterland. Reduction in agricultural land, destruction of biodiversity 

and ecosystems, more fuel consumption for transport, loss of community life and less social cohesion, etc. are some of the ill effects of the 

modernist planning and urban sprawl. One of the various sustainable urban development approaches to restrict the impact of urban 

sprawl on the environment is the ‘Compact City’ concept. This is a high-density, mixed-use city, with clear (i.e. non-sprawling) 

boundaries. A Compact City can facilitate: the sustainable transportation; sustainable use of land; social sustainability; and economical 

viability. Presently the idea of the contained and compact city form, reign in most of the planning and city design policies in developed 

countries. However, there are huge differences among the cities’ characteristics (like density, spatial patterns and socio-economic) 

around the world. 

There is a need to study whether the compact urban form through urban intensification and higher densities are appropriate for cities in 

developing countries. This paper reviews the compact city concept and tries to explore its applicability in Indian context. Also the paper 

investigates the threshold of compactness (in terms of density) for its sustainable application. 
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INTRODUCTION 

Sustainable Urban Development 

The enormous scale of the global urbanization is leading 

to reduction in agricultural land, destruction of 

biodiversity and ecosystem, more fuel consumption for 

transport, loss of community life, ill health and less 

social cohesion. From 13% world urban population at the 

start of twentieth century to 50.5% (1) in 2010 shows the 

urbanization trend, which is more rapid particularly in 

the developing world. This pace of urbanization is even 

more enormous in large cities (2). There is a need to 

integrate sustainable development and urban 

development to reduce the impacts of human activities 

on environment and simultaneously improving the urban 

lives through provision of better job opportunities, good 

health, housing, social facilities, etc. This is in 

contiguous with the concept of three pillars of 

sustainability (3). 
 

Approaches to Sustainable Urban Development 

Jabareen (2006) propagates seven design principles for 

attaining the goals of sustainable urban development and 

identifies four urban forms that contribute to the overall 

sustainability of cities. Neo-traditional Development, 

Urban Containment, Compact City and Eco-City are the 

four identified sustainable urban forms comprised of 

combination of seven design principles or concepts viz a) 

Compactness b) Sustainable Transport c) Density d) 

Mixed Land uses e) Diversity f) Passive Solar Design g) 

Greening (4).  The objectives of urban sustainability like 

reduced land use, reduced energy use, better access to 

facilities, social cohesion, better job opportunities, etc. 

seem to be achievable by containment of urban limits, 

intensifying the city and increasing the urban density. 

Such a form is better known today as ‘Compact City’, 

which is a high-density, mixed-use city, with clear (non-

sprawling) boundaries (5), (6).  

 
 

COMPACT CITY 

Definition and Concept 

A Compact City can facilitate: sustainable transportation 

i.e. lesser travel distances and pedestrian traffic; 

sustainable use of land by efficiently utilizing it; social 

sustainability as compactness promotes social cohesion 

and cultural development; and economical viability as 

per capita cost of infrastructure provision is less and the 

threshold population to support minor businesses is 

available. This idea of the contained and compact city, 

reign in most of the planning and city design policies in 

developed countries today. 
 

 The compact city suggests high urban density, open 

space protection, mixed land uses, revitalizing 

downtowns, central business districts with residential 

uses and high use of public transit system. Among these, 



PLEA2012 - 28th Conference, Opportunities, Limits & Needs Towards an environmentally responsible architecture Lima, Perú 7-9 November 2012 

high densities and public transit have been given a major 

thought till now (7). Rod Burgess offered a tentative 

definition of compact city approach: “to increase built 

area and residential population densities; to intensify 

urban economic, social and cultural activities and to 

manipulate urban size, form and structure and settlement 

systems in pursuit of the environmental, social and 

global sustainability benefits derived from the 

concentration of urban functions” (2). 

 

Historical Background 

The concept of ‘high density compact city’ is originated 

with Le-Corbusier’s higher density living idea of the 

radiant city, the utopia for a city of high rise buildings off 

the ground and fast mass transit systems. Dantzing and 

Saaty (1973) for the first time proposed the ‘compact 

city’. Further by end of 1980s, public transit was felt 

necessary to create liveable concentrated cities. (7). It 

had latter notions in the concentrated centre city model 

by Haughton and Hunter in 1994. Since 1990, research 

advocated the compactness and mix use concept as it is 

justified on the ecological and environmental basis. The 

concept can be implemented at any scale i.e. for 

intensifying old city areas to the planning of entirely new 

cities (4). The European Commission’s Green Paper 

advocated the compact city and thus it had been treated 

as the solution to the problem of un-sustainability 

throughout United Kingdom and Europe, recently in US 

and Australia too. The compact city is advocated as the 

best urban form for efficient transport (8). 

 

Developed World – Experiences 

The compact city model and strategies have their greatest 

advocates in Europe. Success of compact city policy in 

Europe is based on principles of coordinated and 

integrated implementation of planning restrictions and 

high value given to the agricultural land. Agricultural 

landowners are made stake holders in the compact city 

policy to guard their resource. United States has been 

advocating smart growth policies as the urban sprawl has 

been identified as the major deterrent in the path of 

sustainable urban development. Compact urban form- an 

ingredient of the smart growth concept is widely catching 

in the US (7). 

 

Hong Kong is perhaps the best example of high 

density living and use of mass transit system. There, 50 

percent is the share of public housing located within or 

near to central areas having open space within walking 

distance, all contributing to quality of life; though the 

city is suffering from pollution, noise, lack of privacy, 

isolation, breakdown of identity, etc. But high density 

and crowded living is culturally determined as indicated 

by Kate Durham in a research (9). Hong Kong has tried 

to accommodate its increasing population through 

adopting strategy of concentrated sub-centres (multi-

nucleated pattern) linked by mass transit system (10). 

 

Developing World - Experiences 

China, Brazil and South Africa are few countries to name 

who have attempted compact city policies in 

restructuring their cities. 

 

Guided densification of Curitiba and Sao Paolo in 

Brazil in support with transit axis proved the potential of 

the application of compact city policies (11). The South 

African cities are in need of compaction and it is possible 

only through infilling rather than containment due the 

rigid system of existing zoning and isolation of activities 

in those cities (12). Maria D. Schoonraad pointed out at 

the cultural and institutional obstacles; like the needs of 

the poor, anti-urban mindset of both the poor and the rich 

and lack of development control rules, in successful 

implementation of compact city policies in South Africa 

(13). Development of corridors and nodes rather than 

infill and densification are suggested for compaction of 

Durban (14). 

 

In India, in spite of Delhi Development Authority’s 

initiative to make Delhi a compact city, the incomplete 

implementation of policies and proposals resulted in 

inverted compact city i.e. denser peripheries with gross 

residential densities of little above 123 persons per 

hectare (15). In Dhaka, more reliance on non-motorised 

vehicles resulted in high demand for compact and high 

density built areas, but lack of proper regulations and 

required institutional framework created overcrowding 

and environmental degradation (16).  

 

Challenges and Scope to Adopt Compact City 

Concept in Developing Countries 

Though the forces behind urban growth are common, 

there are huge differences among cities around the world, 

especially between the developed and the developing 

countries’ cities. Hence, imitating compact city strategies 

of the developed countries for the cities in developing 

countries is not practical. The comparatively lower levels 

of urbanization and higher rates of urban growth in the 

developing countries introduce unpredictable urban 

dynamics. Unlike in the context of American or 

European cities, developing country cities are to be dealt 

with: their very high urban densities (ref. fig. 1), the 

lower income levels and high income inequalities, low 

investment in urban infrastructure and services due to 

budget constraints, degraded urban environmental 

conditions; and problems related to provision of shelter 

(17). The component of informal development in the 

developing country cities is high, which is a deterrent to 

the success of compact city policies. In less developed 

regions, the city periphery is occupied by people with 

low income in contrast to developed world; hence urban 

containment will prove unaffordable to those masses. 

Also, there may be adverse impact of renewal on the 

poor people, like in China, where the lower income 
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people moved reluctantly to peripheries from city areas 

when large-scale urban renewal and industry 

restructuring were carried out in the early 1980s (18). 

Compact urban form suggests high urban densities and 

mix use, which are already the ingredients of developing 

country cities; probably they are in excess to get any 

benefits of further intensification and densification (2). 

 
 

 Figure 1: Urban Densities around world. (Source: 

Demographia World Urban Areas, 7th Edition, 2011) 

 
 

In spite all these, there is a hope for encouraging 

interest in the compact city debate in developing 

countries, if the compact city concept promises to 

address the problems of poverty and social inequality 

too. The benefits from compact city application in 

developing countries should also focus on improving 

socio-economic and environmental problems. (2). 
 

Possible Areas of Application of Compact City 

Concept in Developing Countries 

The emergence of large number of megacities in 

developing countries and the economic efficiency of 

resulting large city size must be judged against the 

environmental impacts (on hinterland), waste generation, 

lack of access to greenery, higher ecological footprint 

and effect on agricultural production (17). The 

application of compact city policies for cities in 

developing countries can be reviewed in relation to 

densities; intensification (economic, social and cultural 

activities) and manipulation of urban size, form, structure 

and settlement systems. Only increasing density without 

investment in infrastructure may have an adverse impact 

on sustainability; also the costs of infrastructure 

provision in the core and informal settlements may be 

high in these cities. Moreover densification may have an 

adverse impact on heat island effect in tropical climates 

and vulnerability during natural hazards. The affirmative 

aspect about compact city form in developing countries 

is the gains from mass transit system, whose success is 

dependent on the compact urban form. 

 

The manipulation of urban form is difficult in 

developing countries due to the higher costs involved; 

also building new cities with sustainable form is not an 

acceptable solution in these countries. Majority of the 

environmental problems, high energy use and carbon 

emissions in urban areas are directly related to urban 

structure; thus the structural changes of mobility systems, 

coordinated land use and transportation planning and 

integrating built and natural environment; can bring the 

solutions. To achieve the sustainability goals in 

developing countries, the policies of compaction are 

more appropriate at the regional and metropolitan scale. 

But the practical application of above has constraints of 

reluctance to neo-liberal policies of metropolitan and 

regional planning, globalization demands and the 

importance given to the city itself rather than regional 

urban systems (17). 

 

The application of compact city policies for cities in 

developing countries is possible only through certain 

other supporting conditions. Infrastructure improvement 

will play a key role is holding high densities and compact 

urban form with less negativities. Also urban 

management, administration and strict regulations will 

help to sustain the said benefits of compact living. 

Besides this, holistically evolving sustainable urban form 

along with compact city policies is a comprehensive 

approach. Two preferable urban forms are: densification 

and activity intensification of identified sub-centres 

within urban structure, resulting in polycentric growth 

pattern; and linear transit oriented form as a result of 

boosting growth along mass transport axes coupled with 

densification, intensification and mixed land use (eg. 

Curitiba). But there will be high probabilities of pollution 

and low density sub-urbanization and the risk of effect of 

linear development on property values. Also, as 

mentioned earlier, traditional infill, densification and 

intensification are hardly possible in city core areas. 

 
 

COMPACT CITY – APPLICATION FOR INDIA 

Indian Scenario of Urbanization 

India’s rapid urbanization has few unique characteristics. 

First, the scale of urbanization is vast, not only in terms 

of number but also in terms of having multiple models of 

urbanization in different regions. Second, Indian cities, 

especially the metropolitan, are characterized by high 

densities, and third, is the vast growth of existing cities, 

rather than accommodating growth in new planned cities. 

Recent urbanization trends in India are reflected in the 

emergence of large urban agglomerations and 

metropolitan regions. The rapid urbanization in India 

resulted in lack of matching infrastructure, large share of 

slums in cities, traffic chaos, disparities in access to 
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urban services, paucity of land, pollution and degraded 

natural environment in cities (19). 
 

By 2030, India will have 68 numbers of million cities 

as against 42 in 2010, 13 cities with 4 million population 

and 6 mega cities will accommodate more than 10 

million people in each; and with 32% urbanization (in 

2011), it is expected that the figure will reach to 40%. 

These productive and fast growing cities will increase the 

per capita income four times thus resulting in more 

consumption. Though Indian cities are growing backed 

by investment, they fall short of delivering basic services 

to its citizens and ultimately affecting the quality of life 

(20). 

 

From the available statistics, in may be inferred that 

the urbanization in India will definitely have an impact 

on global sustainability as India’s share in global 

ecological footprint will increase in near future. The 

rapid growth of Indian cities driven by growing economy 

needs to be discussed in relation to the quality of life in 

cities, resource consumption and environmental impacts. 

Thus, building sustainable cities will be a key to hold 

India’s economic growth in future. As there is a 

widespread consensus that urban form contributes to 

urban sustainability and reduces the ecological footprint 

of cities, there is a need to explore the compact city 

concept for its possible intervention in restructuring and 

planning of Indian cities. 

 

The variables of Compact City 

As discussed earlier, compaction has three forms- 

densification, intensification and containment; among 

these densification has much promise for the second 

ranking (i.e. million cities or tier II) cities in India. The 

reason is- the higher densities in these cities are only in 

the core areas, the sprawl continues to spread outside 

existing urban boundaries- encroaching on agricultural 

lands, resulting in more fuel consumption for transport 

and more per capita cost of infrastructure provision. This 

paper tries to find optimum density for a selected urban  

area at which maximum sustainability is achieved. In a 

study by H. Chen et. al., it is attempted to explore the 

relationship of compactness (i.e. density in this case) and 

the agglomerated environmental performance (AEP) 

derived from sixteen indicators under five categories 

namely – facility availability, infrastructure efficiency, 

public transport, domestic energy and resources 

consumption and; environmental externalities. 

 

The study suggested a positive relationship between 

the urban compactness and the AEP. The sustainability 

benefits increase with increase in urban compaction, but 

up to a certain level. After that threshold, the benefits 

cease and disadvantages of compaction start to dominate. 

The optimum density i.e. threshold found (168 persons 

per hectare) is then compared with the net population 

densities of all the 45 selected cities and it was revealed 

that only two cities are having densities higher than the 

optimum value. This suggests that there is a possibility of 

increasing the densities of the cities in China, along with 

required environmental up gradation efforts (18). 

 

 

 

Optimum Density for Nagpur City 

With reference to India, a study was carried out for 

Nagpur city on the similar methodology as mentioned 

above in H. Chen’s study for Chinese cities. The aim of 

the study was to establish relationship between density 

and AEP representing sustainability and to propose an 

optimum density for a selected city. 

 

In the first part of the study, four different cities in the 

state of Maharashtra, India are selected on the basis of 

their similar characteristics of rank, shape, size and 

planning legislations. Ten variables were selected in four 

categories namely – Environmental externalities, 

infrastructure availability, public transport and social 

infrastructure (ref. table 1). Then the values of all the 

variables are compared to the existing urban densities of 

those cities; as a result a relationship (strong or weak) is 

established between density and sustainability variables. 

Pearson correlation method is used for this purpose.  In 

the second part of study, normalization is done (as 

variables had values in different units) by ‘z-score’ 

method to device an index for AEP. The AEP of each 

city is then compared with density of that city (ref table 

2). The best fit analysis shows the optimum density for 

sustainable urban living as about 130 persons per hectare,  

Table 1: Selected Sustainability Variables 

 Category Variables Indicators 

1 Environmenta

l externalities  

Air Pollution Emission of SPM, 

NOx, RSPM, SO2 

per sq. km of built 

up area 

Noise Pollution % of area with 

unacceptable noise 

levels 

Waste 

Generation 

Solid Waste 

Generation per 

capita 

2 Public 

Transport 

Availability Number of public 

buses per 10,000 

residents 

Efficiency Passengers served 

by one public bus 

3 Facility 

Availability  

Health service  Density of hospitals 

in built up area 

Education 

facilities  

Density of primary 

schools in built up 

area 

4 Infrastructure 

efficiency  

Utility facility 

efficiency 

Water supply 

pipeline length per 

capita 

% of garden area 



PLEA2012 - 28th Conference, Opportunities, Limits & Needs Towards an environmentally responsible architecture Lima, Perú 7-9 November 2012 

  

 

 

 

whereas the existing density for Nagpur is 97.84 

per/hect. (Cubic, Quadratic functions are found to be 

more closely fit to the data set) ref fig. 2. 

 

Urban Development Plan, Formulation and 

Implementation (UDPFI) guidelines also suggests 

standard density for cities as 100-150 per/hect., i.e. 

average 125 per/hect. Hence, for the selected city, there 

seems to be a potential to increase the existing densities 

up to the optimum level. The same methodology of study 

is applied for all ten administrative zones of Nagpur city 

where each zone is treated as a separate entity (ref table 

3).  The optimum density is found to be about 130 

per/hect. It is concluded that 5 zones are with more than 

optimum densities i.e. above 130 per/hec. while rest 5 are 

having less than the optimum density (ref fig 3). 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Limitations of the study 

Table 2: AEP of Ten Zones of Nagpur City 

 Cities Nasik  Aurang

abad 

Pune Nagp

ur 

Gross Density 

(persons/hect.) 
40.1 63.05 104.04 97.84 

 Indicators     

1 Length Of 

Water Line 

Per Capita 

(kms) 

0.00134 

(1.244) 

0.00111 

(0.236) 

0.00109

8 

(-0.352) 

0.000

798 

(-

1.128) 

2 Density Of 

Primary 

Schools (per 

sq.kms)  

0.91 

(-1.1) 

1.73 

(-0.5) 

4.35 

(1.2) 

3.03 

(0.3) 

3 Availability 

of health 

service (per 

sq.kms) 

0.21 

(-0.375) 

0.24 

(-0.187) 

0.50 

(1.436) 

0.13 

(-

0.874) 

4 Solid Waste 

Generation 

per capita 

(MT) 

0.00018

566 

(-0.666) 

0.00037

787 

(1.449) 

0.00050

0 

(-0.118 ) 

0.000

411 

(-

0.666) 

5 % Of Noise 

Level (db) 

0.36 

(-0.59) 

0.63 

(1.37) 

0.43 

(0.10) 

0.36 

(-

0.88) 

6 Air Quality 

(SPM-

ug/cu.m) 

256 

(1.49) 

582 

-0.47) 

369.71 

(-0.61) 

207.5

6 (-

0.41) 

7 Air Quality 

(SOx-

ug/cu.m) 

39.0 

(0.15) 

20.18 

(-1.07) 

18.79 

(1.30) 

20.75 

(-

0.377) 

8 Air Quality 

(NOx-

ug/cu.m) 

30.63 

(0.20) 

16.83 

(-0.44) 

43.59 

(1.29) 

24.67 

(-

1.052) 

9 Air Quality 

(RSPM-

ug/cu.m) 

103.13 

(-0.53) 

80.25 

(-0.63) 

142.56 

(1.49 

58.02 

(-

0.331) 

1

0 

No Of 

Buses Per 

10000 

Residents 

1.72 

(-0.61) 

1.72 

(-0.59) 

3.37 

(1.48) 

1.17 

(-

0.283) 

Z Score of Cities 

(added by one) 

i.e. AEP 

0.737 0.874 1.837 0.552 

Table 3: AEP of All Ten Zone of Nagpur City 

A 
Zones Zone-

1 

Zon

e-2 

Zone-

3 

Zone-

4 

Zone-

5 

Gross Density 

(pers/hect.) 

44.37 48.1

3 

170.0

5 

147.7

4 

163.4

7 

Z Score of 

Zones i.e 

AEP (+1) 

1.174

95 

0.63

544 

0.781

12 

0.755

81 

0.405

33 

 

B 
Zones Zone-

6 

Zon

e-7 

Zone-

8 

Zone-

9 

Zone-

10 

Gross Density 

(pers/hect.) 

483.6

4 

371.

46 

66.00 88.69 68.74 

Z Score of 

Zones(+1) 

2.042

51 

1.36

711 

1.264

50 

0.095

35 

1.477

91 

Fig 2: Best Fit Curve for Four Cities 

Fig. 3: Best Fit Curve for all ten Zones of Nagpur City 
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Limitations of the study 

This study may help to find an optimum density for a 

given urban setup at the provided infrastructure, but there 

are other attributes which also contribute to the overall 

sustainability. Type of physical development (urban 

fabric), urban form, landuse distribution, open built ratio, 

etc. also may vary with density as constant. The resultant 

optimum density value for urban sustainability is 

dependent on available infrastructure and can be 

increased through improvement in existing infrastructure. 

 

Implications of the study 

Lower supply of Floor Space Index (FSI) in Indian cities 

have lead to higher rents per square foot, lower 

consumption of floor space (overcrowding), excessive 

spatial expansion of city and hence longer travel trips. 

Alain Bertaud advocates the policy of increasing the FSI 

in Mumbai to reduce overcrowding and accommodate 

more population near CBDs, which will result in cheaper 

floor space, vital and dense CBDs, shorter trips, 

reduction in slums and raising the living standards. 

Higher FSI may allow for larger open spaces in 

residential areas with smaller building footprints (eg. 

Singapore with 3 to 4 FSI has 70% open spaces in 

residential areas while Mumbai slums have no open 

spaces with 1 FSI) (21). The increase in FSI should be 

for identified areas, especially at the transport nodes and 

where the demand is maximum.  

 

 

CONCLUSION 

There is a possibility that existing densities in the tier-II 

(second ranking-population wise) cities can be increased 

as these cities are on the verge of huge urban sprawl and 

there is a potential within the city limits to use land 

efficiently. By increasing FSI, more people can be 

accommodated with lesser areas even if it may not have 

much impact on overall density of the city, but definitely 

it will prevent the spread of sprawl besides providing 

more built up area to each person. There is a need to 

equalize the density distribution over whole city to 

reduce polarity; gradual restructuring of urban fabric and 

form will lead to successful outcome of compact city 

policies. 

 

Indeed, there are promises of compact city concept 

for cities in developing countries, but its intricacies and 

every repercussion must be predicted and carefully 

analysed in advance. 
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