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Urbanization is one of the most significant global 
trends of modern times, driving and driven by mul-
tiple social, economic and environmental processes. 
Due to uncontrolled urbanization, there is rapid envi-
ronmental degradation which causes many problems. 
Scientific assessments can help provide solutions by 
considering the local realities. Numerous assessment 
strategies have been suggested such as emerge analy-
sis, material flow analysis, data development analysis 

and ecological footprint analysis (EFA). EFA has been 
implemented as a useful analytical and planning tool 
for assessing urban sustainability in numerous cities. 
The aim of this study is to use one of the EFA compo-
nents, viz. built-up land footprint (EFbuilt-up) to evaluate 
the urban sustainability of Solan district, Himachal 
Pradesh (HP), India, in terms of settlements. The 
study concludes that EFbuilt-up of Solan district, HP, 
exceeds its biocapacity, resulting in an ecological defi-
cit. Therefore, element of built-up land in Solan dis-
trict is considered as an unsustainable system.  
 

Keywords: Biocapacity, built-up land footprint, eco-
logical footprint analysis, ecological deficit, urban sustai-
nability. 

 
THE world is increasingly becoming urbanized. About 
65% of the world’s population is expected to live in cities 
by 2025 (ref. 1). Excessive urban sprawl is the source of 
many problems such as air pollution, crime, housing, 
noise pollution, traffic jam, shortage of clean drinking 
water as well as energy2. Since the end of the 19th cen-
tury, the problems posed by modern urban development 
have emerged in the environmental, social and economic 
spheres, which have made these communities unstable 
and forced experts to look for alternative urban develop-
ment patterns. Modern-day lifestyles are exploiting many 
natural resources, polluting the environment, increasing 
social inequality, building tropical islands and causing 
climate change. In this regard, the term ‘sustainability’ 
was first developed by the United Nations in the Brundt-
land Commission Report, which defines sustainable  
development as one that meets current needs without 
compromising the ability of future generations to meet 
their needs3. The problem of achieving sustainable urban 
development is thus an important challenge. Measuring 
urban sustainability is an engine of social and economic 
development, but at the same time focusing on environ-
mental issues is a major challenge for environmental 
managers and decision-makers4.  
 Urban sustainability is defined as the process by which 
measurable long-term social development can be 
achieved through actions in the environment, economic 
and social magnitude. The use of sustainability indicators 
is increasingly needed to achieve sustainability5. Sustai-
nability indicators are the solid basis for regular and 
long-term monitoring of progress towards achieving stra-
tegic developmental goals and evaluation of various 
forms of sustainability6. They provide past and present 
trends for any particular problem, and serve as a suppor-
tive tool for future decisions6. They are the tools needed 
to develop a strategy and for policy development, to pro-
vide a picture of the three dimensions of sustainable  
urban development: social, economic and environmental. 
They need to assess the state of sustainable urban  
development in order to support urban environmental 
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planning, construction and management. There are three 
indicators of sustainability, namely economic, social and 
environmental. Economic indicators emphasize local  
financial stability. Social indicators focus on participating 
in the democratic process. Environmental indicators pro-
mote sustainable use of resources and include air quality, 
emission of greenhouse gases, water, land, waste and the 
environment7. 
 The aim of the present study is to assess the sustaina-
bility of cities in Solan district, Himachal Pradesh (HP), 
India, using ecological footprint indicator. It is an exam-
ple of a sustainability indicator with an environmental  
focus. The ecological footprint is a measure of environ-
mental impacts of modernization that surpass the sur-
rounding regions. Ecological footprint analysis (EFA) is 
defined as ‘a synthetic method to trail human impacts on 
the regenerative capacity of an environmental system 
through identifying the amount of bioproductive land re-
quired to support average annual consumption and waste 
production of a given entity under prevailing technolo-
gies’8. It has been implemented as a useful analytical and 
planning tool for assessing urban sustainability in many 
cities. Ecological footprint accounting is the total sum of 
six components, namely cropland, carbon land, grazing 
land, fishing grounds, forest land and built-up land. These 
components together provide a measure of the ecological 
footprint9. In the present study, built-up land component  
 
 

 
 
Figure 1. Map showing the study area in Solan district, Himachal 
Pradesh, India. 

(built-up area for housing, infrastructure, transportation 
and industrial production) is used to assess the sustaina-
bility of different urban areas of Solan district, HP. Solan 
was chosen for the study because it is one of the fastest 
growing districts of HP, dominated by various commer-
cial and industrial activities, and road networks. It is a 
state-owned industrial centre with migrant populations. In 
addition, there is proliferation of many small and medium 
enterprises across the district. In the recent past, Solan 
district has experienced the highest level of urbanization 
(18.26%) after Shimla in HP, due to migration of rural 
population to cities in search of jobs, and better facilities 
like education. The current urban areas of the district 
(Arki, Baddi, Nalagarh, Parwanoo and Solan) are home to 
about 17.7% of the state. 
 The study was conducted during 2019 in the urban 
areas of Solan district, HP, that range between 
30°44′53″–31°22′01″N lat. and 76°36′10″–77°15′14″E 
long. (Figure 1). The district is a ‘gateway’ of HP, border-
ing the southern and western states of Haryana and Punjab 
respectively. HP has a total geographical area of 1936 km2 
with a population of 580,320 (ref. 10), which is projected 
to increase to 665,671 by 2021. The physical environ-
ment of the region is rapidly changing due to more urban  
migration, and trade and multiculturalism over the years. 
 In order to conduct the analysis of built-up land foot-
print of Solan district, HP, data on built-up land area and 
population of different urban areas were procured from 
the official certified records maintained by Census of  
India, whereas data on yield and equivalence factors were 
derived from national footprint accounts. 
 The built-up land footprint is defined as ‘the area of 
land covered by human infrastructure such as transporta-
tion, housing, industrial structures and reservoirs for  
hydropower’. It is calculated following the method out-
lined by Kandil et al.11. 
 
 EFbuilt-up = A × EQF × YF/N, 
 
where EFbuilt-up is the built-up land footprint/ecological 
footprint of built-up land (g ha), A the area of built-up 
land (ha), EQF the equivalence factor of built-up land 
(g ha), YF the yield factor of built-up land and N is the 
population. 
 Built-up land biocapacity (BC) refers to the capacity of 
a given biologically productive area to generate an  
on-going supply of renewable resources and absorb its 
spillover wastes. When measuring the biocapacity of a 
given land-use type, it is general practice to allot 12% of  
accessible supply land to secure domestic biodiversity. 
BC is calculated using the formula outlined by Kandil et 
al.11. 
 

 BCbuilt-up = A × EQF × YF (100–12%)/N, 
 
where BCbuilt-up is the total biocapacity of built-up land 
(g ha), A the total available supply in a given year for 
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built-up land (ha), EQF the equivalence factor of a given 
land type (g ha), YF the yield factor of built-up land and 
N is the population. 
 Ecological deficit (EFD) is measured as the difference 
between ecological footprint and biocapacity. If the eco-
logical footprint surpasses biocapacity, the framework is 
considered unsustainable; if biocapacity surpasses foot-
print, it is considered sustainable. 
 
 EFD = EF – BC, 
 
where EFD is the ecological deficit, EF the ecological 
footprint by consumption categories and BC is the bio-
capacity. 
 Yield factors reflect the relative productivity of national 
and world average hectares of a given land-use type. 
Each country in each year has a yield factor for each 
land-use type. Equivalence factors reflect the relative 
productivity of world average hectares of different land-
use types. They are the same for all countries, and change 
slightly from year to year. For 2019, yield and equiva-
lence factor for built-up land was 1.08 and 2.51 g ha ha–1 
respectively12. 
 It is evident from the data presented in Table 1 that the 
total and per capita built-up land footprint with respect to 
different urban areas are 6771.553 and 0.464 g ha respec-
tively. The total builtup land footprint of different  
urban areas in Solan district, HP, ranged from 398.604  
to 2289.978 g ha. The urban area-wise trend was:  
Parwanoo (2289.978 g ha) > Baddi (1891.375 g ha) > 
Solan (1681.383 g ha) > Nalagarh (510.213 g ha) > Arki 
(398.604 g ha). The highest built-up land footprint of 
Parwanoo (2289.978 g ha) may be ascribed to rapid  
 
 
Table 1. Urban area-wise built-up land footprint (EFbuilt-up; g ha) in
  Solan district, HP, India 

Urban area Per urban area EFbuilt-up Per capita EFbuilt-up 
 

Arki 398.604 0.111 
Baddi 1891.375 0.055 
Nalagarh 510.213 0.042 
Parwanoo 2289.978 0.221 
Solan 1681.383 0.035 

Total 6771.553 0.464 

 
 
 

Table 2. Urban area-wise built-up land biocapacity (BCbuilt-up; g ha) in
  Solan district, HP 

Urban area Per urban area BCbuilt-up Per capita BCbuilt-up 
 

Arki 350.771 0.098 
Baddi 1664.410 0.048 
Nalagarh 448.987 0.037 
Parwanoo 2015.181 0.195 
Solan 1479.617 0.031 

Total 5958.966 0.409 
 

development in the area. Further, higher population den-
sity, waste generation, material and energy consumption 
might have added to increased built-up land footprint. 
Whereas lowest built-up land footprint of Arki might be 
due to relatively lesser developmental activities and  
population density in the region. The per capita built-up 
land footprint of different areas ranged from 0.035 to 
0.221 g ha capita–1 and followed the order Parwanoo 
(0.221 g ha capita–1) > Arki (0.111 g ha capita–1) > Baddi 
(0.055 g ha capita–1) > Nalagarh (0.043 g ha capita–1) > 
Solan (0.035 g ha capita–1). The per capita built-up land 
footprint did not exhibit any particular trend, because dif-
ferent towns have varied geographical areas and do not 
accommodate population proportional to their area. 
 Table 2 shows that total and per capita built-up land 
biocapacity with respect to different urban areas are 
5958.966 and 0.409 g ha respectively. The total built-up 
land biocapacity of different urban areas ranged from 
350.771 to 2015.181 g ha, and followed the trend:  
Parwanoo (2015.181 g ha) > Baddi (1664.410 g ha) > 
Solan (1479.617 g ha) > Nalagarh (448.987 g ha) > Arki 
(350.771 g ha). The highest built-up biocapacity of Par-
wanoo might be due to its maximum built-up land area 
and the lowest for Arki due to its minimum built-up land 
area. The per capita built-up biocapacity of different 
areas ranged from 0.031 to 0.195 g ha capita–1 and was in 
the order: Parwanoo (0.195 g ha capita–1) > Arki (0.098 
g ha capita–1) > Baddi (0.048 g ha capita–1) > Nalagarh 
(0.037 g ha capita–1) > Solan (0.031 g ha capita–1). No 
trend was observed in built-up land biocapacity because 
of varied population levels which were not proportional 
to the geographical area. 
 Table 3 shows that total and per capita ecological defi-
cit of different urban areas are 814.434 and 0.056 g ha re-
spectively. A scrutiny of the data reveals that the built-up 
land footprint of different urban areas exceeds the bioca-
pacity. This indicates that different urban areas need huge 
built-up land than they hold in order to back up their  
urban activities, which is an indication of the loss and  
degradation of natural capital, and accumulation of waste 
in the regions. The total ecological deficit of different  
urban areas ranged from 47.832 to 276.645 g ha (Figure 
2) and followed the trend: Parwanoo (276.645 g ha) > 
Baddi (226.965 g ha) > Solan (201.766 g ha) > Nalagarh 
 
 
Table 3. Urban area-wise ecological deficit (EFD; g ha) in Solan 
  district, HP 

Urban area Per urban area EFD Per capita EFD 
 

Arki 47.832 0.013 
Baddi 226.965 0.007 
Nalagarh 61.226 0.005 
Parwanoo 276.645 0.027 
Solan 201.766 0.004 

Total 814.434 0.056 
 



RESEARCH COMMUNICATIONS 
 

CURRENT SCIENCE, VOL. 120, NO. 7, 10 APRIL 2021 1249

 
 
Figure 2. Ecological deficit (g ha) of different urban areas in Solan 
district, HP. 
 
 
 
(61.22 g ha) > Arki (47.832 g ha; Figure 2). The highest 
ecological deficit of 276.885 g ha in Parwanoo indicates 
that in this region natural resources are being exploited at 
a higher rate than they are being produced, due to in-
creased urbanization and associated changes in lifestyle. 
Further, this may be attributed to the largest concentra-
tion of industries and high-income segments of the popu-
lation responsible for the bulk of resource consumption, 
and increasing pressure on natural capital in the region. 
Whereas the lowest ecological deficit of 47.832 g ha in 
Arki may be due to lesser developmental activities in the 
region. The per capita ecological deficit of different  
urban areas varied from 0.004 to 0.027 g ha capita–1 and 
followed the order: Parwanoo (0.027 g ha capita–1) > 
Arki (0.013 g ha capita–1) > Baddi (0.007 g ha capita–1) > 
Nalagarh (0.005 g ha capita–1) > Solan (0.004 g ha capita–1). 
No pattern was followed in developed land impression in 
light of changed population levels, which was not propor-
tional to geographical area. The per capita ecological def-
icit did not display any specific pattern, on the grounds 
that various towns have different geographical areas and 
their population has not expanded relative to these areas. 
 The findings of this study indicate a high total EFbuilt-up 
compared to BCbuilt-up for Solan district, HP. Further, the  
ecological deficit also points towards unsustainability, 
indicating that the region needs additional bioproductive 
built-up land than it holds in order to back up its urban 
activities. Therefore, to sustain urbanization in the dis-
trict, the focus should be on the development of smart  
cities through urban renewal and adoption of environ-
ment-friendly measures. Furthermore, a cohesive sustai-
nability plan should be developed for district that 
acknowledges the unique characteristics of the region and 
its connections to global processes, while supporting  
periodic renewal measures to address major environmen-
tal, social and economic changes. 
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