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Fig. 4: Process for identifying the types of urban growth
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Fig. 5: Spatial pattern and distribution of types of growth
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its type in different distance zones from 1991 
to 2021 was calculated and analysed (Figure 
7). The infilling type of growth for the period 
of study was highest in the zone of 2-4 km, 
followed by the zone of 0-2 and 4-6 km. It 
is clearly observed that the infilling type of 
growth was more prominent near the city 
centre. The edge expansion mainly occurred 
between 2-4 and 4-6 km zones. Both the 
infilling and edge expansion types of growth 
showed a sudden rise in the zone of 2-4 km, 
decreasing subsequently. they made a small 
bump in the 10-12 km zone and after which 
they continuously decreased. The outlying 
type of growth increased as it moved away 
from the city centre and attained its maximum 
strength in the zone of 8-10 km, declining 
thereafter.

The decadal analysis of patterns of 
growth in relation to distance from the city 
centre is shown in figure 8. The growth of 
infilling during 1991-2001 was highest in the 
zone of 4-6 km which was approximately 44 
ha and it is negligible after 18 km. For the 
period of 2001-2011, it made two peaks, one 
in the zone of 2-4 km and the other in 8-10 km 
followed by a decrease. The infilling type of 
growth between 2011 and 2021 was highest 
in the zone of 10-12 km followed by 2-4 
km zone. The infilling growth showed a dip 
in the zone of 4-6 km and an increase in the 
10-12 km zone, beyond 12 km this decreased 
continuously.

Edge expansion was more significant 
close to the city centre, 2-4 km away in both 
the dacades. A sudden fall however was 
noticed 4 km away from the city centre. The 
exception was that it showed a small rise in 
10-12 km distance zone during 2001-2011. 
The edge expansion rose from the city centre 
to 4-6 km zone in 2011-2021 and made a 

step like shape after the 4-6 km zone. As the 
outlying growth occurred away from the city, 
the major outlying growth occurring during 
1991-2001 in the 8-12 km zone. During the 
next decade from 2001-2011, the outlying 
growth accelerated with an increase in 
distance away from the city centre. Again, the 
maximum outlying growth was recorded in 
the zone of 8-10 km after which there was a 
decrease. The same pattern was noted during 
the period of 2011-2021. 

Urban growth type and direction 
The city grows and expands continuously, but 
not with the same intensity in all directions. 
This expansion crosses the limits of the 
administrative boundaries of the city and 
spreads in some specific direction due to 
various physical and anthropogenic reasons. 
The overall directional analysis (figure 9) for 
the period of three decades from 1991 to 2021 
shows that the infilling mostly occurred in 
westerly direction (355 ha), and some in the 
eastern direction. The edge expansion mainly 
took place in the east and the south (1814 and 
1175 ha respectively). The outlying growth 
primarily appeared in the north direction in 
570 ha of area.

Figure 10 makes it clear that the infill 
type of growth during 1991-2001 occurred 
mainly in east and west directions with the 
same intensity in an area of approx 50 ha. But 
during the period of 2001-2011, primarily 
in the east (154 ha) followed by the south. 
During 2011-2021, again, the easterly 
direction led with 450 ha area, but the south 
direction was replaced by the west direction.

The edge expansion in 1991-2001 mainly 
occurred in the east and north directions. In 
the next decade, the edge expansion mainly 
took place in the east direction, followed 
by the south direction. The scenario was 
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Fig. 6: (a) Urban growth types and area coverage; (b) Share of urban growth types

completely changed during 2011-2021 and 
major directions of edge expansion were 
south and west. The outlying type of growth 
in all three decades occurred in the north 
direction. 

Built-up density
In order to quantify, the built-up density is 
divided into 3 types, namely: low, medium 
and high. The spatio-temporal distribution of 
built-up density is shown in figure 11.

It is clear from Figure 11 that the patch of 
high built-up density was the central patch of 
the city, surrounded by the medium and low 
built-up density patches. Major proportion of 
the area is of medium built-up density. In the 
year 1991, the major proportion of the area 
was under the category of medium density, 
followed by low density and the area under 
the high density was very low. This situation 
changed in 2001, when medium density was 
followed by high built-up density. During this 
period, the area under the low built-up density 
was the lowest among the three categories. 
A similar pattern was observed in 2011 and 
2021, as shown in table 4 and figure 12 (a).

It is obvious that the share of low and 
medium built-up density has been decreasing 
over time, as high density area has increased 
in the period 1991-2021 [Figure 12(b)].  The 

share of low built-up density did decrease 
during the same period, but increased slightly 
in 2021. The share of medium density 
decreased throughout the study period 
decreasing from 57 percent in 1991 to 49 
percent in 2021. Conversely, the share of 
high built-up density was approximately 19 
percent in 1991 which increased to 42 percent 
in 2021. The changes in density pattern clearly 
depicts substantial increase in the high built-
up density areas in Hisar and its periphery.

Discussion
The analysis reveals that all major types 
of growth—infilling, edge expansion and 
outlying—in Hisar city were evident during 
the study period. Infilling was particularly 
pronounced in the western part of the city 
between 1991 and 2021, primarily due to 
the establishment of new residential sectors. 
Edge expansion was most prominent along 
the city boundaries, especially towards the 
east, where the emergence of census towns, 
residential colonies, factories and commercial 
establishments contributed significantly to 
this type of growth. The presence of the army 
cantonment and the Jindal Steel industry 
further accelerated this process. Outlying 
growth was mainly concentrated in the 
northern direction, within a distance of 6–12 
km from the city centre. This type of growth 
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included the establishment of industries, 
warehouses, government institutions, 
research and educational facilities, 
recreational centres and residential clusters. 
The transportation network played a crucial 
role in shaping these developments. During 
1991–2011, growth was concentrated along 

the national highways, while in later years, 
it extended along all major roads radiating 
from the city. A well-connected transport 
system, therefore, acted as a major catalyst 
for both edge expansion and outlying growth. 
Medium-density areas continue to dominate 
the city’s landscape, though the share of 

Built-up 
Density

1991 2001 2011 2021
Area (ha) Percent Area (ha) Percent Area (ha) Percent Area (ha) Percent

Low 666.27 22.58 401.13 8.89 461.16 7.76 817.56 8.72
Medium 1700.55 57.63 2557.8 56.66 3152.52 53.02 4606.83 49.16

High 584.1 19.79 1555.2 34.45 2332.17 39.22 3947.22 42.12

Table 4: Built-up density and its share to total built-up area

Fig. 7: Built-up growth type in different distance zones from 1991-2021

Fig. 8: Patterns of growth type based on distance on a decadal basis from 1991-2021
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Fig. 9: Direction of built-up growth type from 1991 to 2021

 Fig.10: Decadal directional analysis of growth type
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Fig. 12: (a) Category-wise distribution of built-up density;  
(b) Category-wise share of built-up density among total built-up.
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high-density zones is experiencing significant 
and consistent increase over time. This trend 
was largely the outcome of infilling and the 
development of built-up areas at the urban 
fringe. Rising population, high land prices 
and limited space within the city encouraged 
peri-urban expansion, resulting in continuous 
land conversion and outward urban growth.

Conclusion
Urban growth is one of the most defining 
features of the 21st century, with its most 
significant expression occurring in developing 
countries like India. Rapid urbanisation in 
such regions is largely driven by population 
growth, rural-to-urban migration and the 
expansion of modern transport networks. 
These factors collectively accelerate growth 
in city peripheries, resulting in significant 
land use and land cover changes. However, 
in the absence of strong policy frameworks 
and effective governance, this growth often 
takes place in an unplanned and haphazard 
manner. Against this backdrop, the present 
study characterised urban growth and 
quantified built-up density in Hisar city and 
its surrounding peri-urban areas. The loss 
of over 1097 hectares of prime agricultural 
land, primarily due to edge expansion raises 
concern about the sustainability of urban 
growth. Further emergence of peripheral 
settlements like four census towns around 
Hisar are characterised by poor provision of 
amenities and facilities, weak infrastructure 
leads to poor quality of life in the city 
periphery.

This calls for sustainable urban planning 
through integrated measures to manage 
edge expansion and peripheral growth. 
Key strategies include enforcing urban 
growth boundaries, promoting mixed-use 
development and incentivising the use of 
vacant or underutilised land to improve land 

use efficiency. Active community engagement 
and adaptive reuse of existing structures 
further support cultural preservation and 
resource optimisation. Together, these 
approaches encourage compact, inclusive 
and environmentally sustainable urban 
development. The study acknowledges certain 
limitations, including reliance on medium-
resolution Landsat data and the exclusion of 
socio-economic variables. Future research 
should incorporate high-resolution imagery 
and demographic insights to provide a more 
comprehensive understanding of urban 
growth dynamics and their implications for 
sustainable city planning.
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