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Abstract
Urban regions have grown and developed more quickly around the world. The amount of productive land
is signi�cantly reduced by the expansion of the urban perimeter. To ensure sustainable urban growth,
research in urban sprawl analysis and land use land cover (LULC) change assessment is crucial.
Bengaluru is one of the fastest growing metropolitan cities across the world, and its growth has a
signi�cant impact on neighbouring regions. Hence an attempt is made to evaluate the in�uence of urban
sprawl on LULC in the Bengaluru rural district, which surrounds the Bengaluru urban region. In this study,
temporal changes in LULC over two decades are assessed by employing remote sensed data and GIS
tools. The study area is categorized into �ve LULC classes: settlement, waterbody, vegetation, agriculture,
and barren land. Landsat images of two different timescales are classi�ed using the supervised image
classi�cation technique in ERDAS software. The maximum likelihood technique is used for classifying
the image, and the accuracy of the classi�ed image is evaluated by accuracy assessment. The study
revealed that urban sprawl signi�cantly in�uenced the LULC classes study area.

Introduction
Urban areas have been a signi�cant part of the development of society since the beginning of time. They
have been instrumental in setting the stage for signi�cant economic, political, and social changes. Due to
their rapid emergence and evolution, they have become the main drivers of economic and social change
worldwide (Sun et al. 2013; Meng et al. 2022). Urbanization is a gift to society as it allows people to live
in a more orderly manner. However, it can also be a curse if it is not planned and appropriately
controlled (Mohan et al. 2011; Rimba et al. 2021). In 2008, the world passed a signi�cant historical
milestone when urban regions began to house half of the global population.

Moreover, developing countries have seen the majority of the expansion in the urban population (Nations
2009; Mohan et al. 2011; Zhong et al. 2022). The global urban population is projected to expand by 72%
between 2000 and 2030, while the built-up areas of cities with 100,000 or more residents are projected to
grow by 175% (Angel et al. 2005). Although only a small portion of the world's land surface is an urban
region, rapid urbanization has caused signi�cant changes to the natural landscape and affected the
environment and society (Berling-Wolff and Wu 2004; Mundia and Aniya 2006; Bhat et al. 2017). Rapid
urbanization has created various opportunities for the development of new urban areas. However, it can
also lead to the growth of cities and towns beyond their juridical boundaries to accommodate the
increasing urban population (Mosammam et al. 2017; Jiang et al. 2022). Due to rapid urbanization, there
has been a growing interest in learning more about its effects on the environment. This is because
various aspects such as the loss of arable land and the reduction in the natural vegetation cover have
been identi�ed as potential threats to developing new urban areas. Unplanned and uncontrolled
urbanization has severely affected the environment and society (López et al. 2001; Chadchan and
Shankar 2012). It has also led to various health risks, including air pollution, tra�c accidents, and
occupational hazards (Li et al. 2012). Migration from other places, economics, and the accessibility of



Page 3/21

basic facilities in metropolitan areas are the main drivers of urbanization (Barnes et al. 2002; Epstein et
al. 2002).

Urban sprawl is a type of land disturbance that occurs when the increasing population living in an area
causes the urban perimeter to extend beyond its original boundaries (Bhat et al. 2017; Sarif and Gupta
2022).. It has been criticized for its harmful effects on the environment and the availability of productive
land. This type of development has been characterized by its large-scale encroachment and ine�cient
use of land resources. Due to the widespread urbanization of rural regions, urban expansion has also
destroyed the natural landscape. One of the most common factors leading to environmental degradation
is the increasing number of cities and their perimeter. Due to many driving forces, LULC is changing
quickly (Rasool et al. 2018; Nega and Balew 2022). The rich agricultural land that used to be the main
factor for the development of many cities is now being eaten away. The loss of prime farmlands has also
caused severe damage to the environment. The marginal lands that were previously used for agriculture
are not able to compensate for the loss of these lands. The land use patterns of a region are in�uenced
by various aspects such as land availability, the socioeconomic factors that affect its development, and
the time and space that humans can avail (Mohan et al. 2011; Mir and Ahmed 2014; Hashim et al. 2020;
Hossain and Moniruzzaman 2021). Planning for land use is a signi�cant problem and di�culty for both
environmentalists and town and country planners when attempting to create sustainable economic
growth in an eco-friendly way. For a very long time, remote sensing technology has been utilized to
investigate how urbanization affects LULC change. (Sun et al. 2013, 2016; Bharath et al. 2021). Through
this study, researchers can gain a deeper understanding of the human-environment interactions (Dewan
et al. 2012). One of the most common factors that have led to the LULC change is the urban sprawl,
which is characterized by deforestation and cropland displacement, which reduces the amount of arable
land, habitat destruction, and reduces the number of natural vegetation regions (Byomkesh et al. 2012;
Dewan et al. 2012; Du et al. 2013; Ma and Peng 2022).

The growth of suburban and urban regions necessitates increased land usage and encourages the shift
from rural to urban settings (Mohan et al. 2011; Ferrari et al. 2019; Gao et al. 2020; Soliman and Soliman
2022; Wang et al. 2022). For instance, the development of new urban areas has a signi�cant impact on
the agricultural lands that are located in these areas (Vasisth 2018; Parmar et al. 2022; Reda et al. 2022).
Understanding the effects of urbanization on the environment can help planners identify areas of
potential improvement (Gorelick et al. 2020; Belay and Mengistu 2021). 

Geographic information systems (GIS) and remote sensing (RS) can also help planners and
environmentalists identify the various aspects that affect the LULC change with reliable accuracy and
cost-effectiveness (Jin et al. 2019; Hashim et al. 2020). These technologies are helpful in the formulation
and implementation of sustainable development strategies. GIS is a systematic tool utilized for analyzing
spatial data and can be used for assessing the changes and forecasting the changes that affect the
environment. RS is a type of technology that uses airborne and spaceborne sensors to collect data of an
object without coming in contact (Jin et al. 2019; Mahmoud et al. 2019). This type of data collection can
be used to study the environmental changes and predict future scenarios. Using GIS and RS technology,
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scientists can gain a deeper knowledge of the effects of urbanization on the LULC change (Wang et al.
2018). This technology has been used in various studies to monitor and simulate the changes in urban
land use patterns. Due to its cost-effective and temporal frequency, RS techniques are commonly used for
land use change analysis. This technology can also help planners and environmentalists understand the
various factors that affect LULC change. It can also provide them with valuable information about the
urban areas they plan to develop (Hashim et al. 2020).

This study aims to analyze the impact of urban sprawl on the LULC in the study area. It also presents
recommendations to improve the policies and procedures related to developing new urban areas.

Study area

The Bangalore Rural District is in the South-Eastern part of Karnataka State, India, as shown in Figure 1. It
has a geographical area of 2305 km2, and its population is 9,90,923 as per the 2011 Census. The
district's average elevation is 600 to 900 meters from sea level. Due to the existence of various Hills, it is
considered a spur of the Eastern Ghats. The rock formation that is found in these areas is regarded as
part of the Gneiss category. The granite gneisses found in the Taluks of Nelamangala and Devanahalli
have also contributed to the development of captivating landscapes. The district has three signi�cant
tributaries, namely the Kanva, the Arkavati, and the Dakshina Pinakini. The area is composed of granite
characterized by various textures and colors, and it is rich in red-colored soil. The area Bangalore Rural
District has been witnessing a large area of urbanization in recent years; as a result, there has been a
drastic change in vegetation, cut down of trees due to road widening, and builders and developers have
invested a massive amount in the development. This study is conducted to analyze the various thematic
layers of the district using remote sensing data.

Materials And Methods
The study is conducted using various data sets to analyze the LULC changes in the area. Understanding
the dynamic phenomenon of urban sprawl is very important to developing effective strategies to manage
the growth of this region. The study utilizes two software tools ERDAS and ArcGIS. A detailed
methodology has been presented in Figure 2.

Data acquisition

Using the multi-spectral satellite images, the study can analyze the LULC changes in the area. The United
States Geological Survey (USGS) Earth Explorer offered them and was obtained using the Landsat. The
images gathered throughout two time periods are examined for slight seasonal �uctuation. The various
data utilized in this investigation are highlighted in Table 1.

Table 1. Details about the study area
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Data Source Satellite Date of acquisition Properties

Satellite images USGS-Earth Explorer

(earthexplorer.usgs.gov)

Landsat 7

Landsat 8

03/2001

04/2021

30m resolution

 

Image Pre-Processing & Image Classi�cation

Prior to image classi�cation, the data collected by the satellite are improved using histogram
equalization (Mallupattu and Sreenivasula Reddy 2013) to increase the accuracy of image interpretation
by adjusting their contrast. For image classi�cation, a supervised classi�cation technique is used, which
allows the user to de�ne the training sites (Mallupattu and Sreenivasula Reddy 2013; Chowdhury et al.
2020). The image processing and classi�cation is performed using the ERDAS software. The study area
is divided into �ve LULC classes: agriculture, vegetation, settlement, barren land, water body, and
vegetation. The polygons are then drawn to represent training stations for each category, and Google
earth pro is used for this purpose (Das Kangabam et al. 2019; Tsai et al. 2019). Finally maximum
likelihood method is used to produce a �nal classi�ed image.

Accuracy Assessment

This process aims to compare the classi�ed images with the ground truth points to determine how well
they represent the real world (Das Kangabam et al. 2019; Chowdhury et al. 2020). In the study, the
accuracy of the classi�ed images is measured using evaluating the parameters like overall accuracy and
Kappa coe�cient. This is done by comparing the classi�ed pixels with real-world ground truth points. The
random sampling method uses two hundred �fty ground truth points to determine the accuracy of
classi�ed images (Abd El-Kawy et al. 2011, Das Kangabam et al. 2019, Tsai et al. 2019).

LULC Change Assessment

The study results are expected to provide a comprehensive view of the LULC distribution in the study area
at two timescales. Further, the classi�ed images of two time periods are compared to determine the
extent of urban sprawl's in�uence on LULC changes. (Chowdhury et al. 2020).

Results And Discussion
Getting a comprehensive view of the LULC changes in the area over time is very important to developing
effective strategies to manage the growth of this region. It is also very challenging to classify and map
the land cover pattern due to the complexity of the process. With the increasing number of techniques
and algorithms used in image processing, it is now possible to perform the same operation on satellite
images. The satellite images for 2001 and 2021 are downloaded from USGS and classi�ed using ERDAS
software by supervised image classi�cation technique. The LULC scenarios for all the two periods are
discussed in the sections below. 
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LULC scenario for the year 2001

Figure 3 is the thematic representation of LULC classes in the study area in the year 2001. Table 2 gives
the details about different LULC statistics for the year 2001. It can be noticed that in the year 2001, the
study area was dominated by vegetation with an area of 891.87 km2 (38.68%) and followed by
agriculture with 838.88 km2 (36.38%) and other classes like barren land covering 465.25 km2 (20.18%),
settlement area 63.29 km2 (2.74%), and water body 46.39 km2 (2.01%). In the study area, water bodies
refers to lakes and ponds. 

Table 2. Land use land cover details for year 2001 and 2021

LULC class LULC in 2001 LULC in 2021

Area (km2) (%) Area (km2) (%)

Settlement 63.29 2.74% 346.12 15.01%

Vegetation 891.87 38.68% 109.04 4.73%

Agriculture land 838.88 36.38% 1254.25 54.40%

Barren land 465.25 20.18% 584.96 25.37%

Water 46.39 2.01% 11.17 0.48%

Total area 2305.68 100% 2305.539 100%

LULC SCENARIO FOR THE YEAR 2021

Figure 4 is the thematic representation of LULC classes in the study area in the year 2021. Table 2 gives
the details about different LULC statistics for the year 2021. It is noticed that in the year 2021, the study
area was dominated by agriculture with an area of 1254.25 km2 (54.40%) and barren land of 584.96 km2

(25.37%), then followed by settlement area of 346.12 km2 (15.01%), vegetation 109.04 km2 (4.73%), and
water body 11.17 km2 (0.48%). 

LULC SCENARIO FOR THE YEAR 2001 TO 2021

Comparing classi�ed images from 2001 to 2021 will indicate how the LULC has changed. Between this
time, there was a signi�cant decrease in the area covered by vegetation and water classes, while there
was an increase in settlements, barren land, and agricultural land (Table 4). Vegetation land decreased by
87.77%, and waterbody area shrank by 75.93%. Whereas settlement area has risen from 63.29 km2 to
346.12 km2, agricultural land has risen from 838.88 km2 to 1254.25 km2, and barren land has risen from
465.25 km2 to 584.96 km2. The majority of the vegetation land has been converted into agricultural land
and settlement due to increased urban expansion and population. Figure 6 represents the amount of
coverage each LULC class had in the year 2001 and 2021, while Figure 7 show the percentage change in
LULC classes from 2001 to 2021.
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Table 4. Land use land cover details for the year 2001 to 2021

Year/ land cover

class

Land cover area in km2 Changes in

%2001 2021 Changes from 2001 to 2021

Settlement 63.29 346.12 282.83 446.91%

Vegetation 891.87 104.04 -787.83 -87.77%

Agriculture land 838.88 1254.25 415.37 49.51%

Barren land 465.25 584.96 119.71 25.73%

Water 46.39 11.12 -35.27 -75.93%

LULC change scenario Taluk-wise

An attempt is made to compare the LULC change scenario Taluk-wise, i.e., Nelamangala, Doddaballapura,
Devanahalli, Hosakote. Table 4 highlights the distribution of each LULC class in 2001 and 2021 and
indicates the percentage change that has happened in two decades, taluk-wise. Figure 8 depicts the
distribution of LULC classes, and Figure 9 illustrates the differences in LULC classes, Taluk-wise
graphically. 

The general comparison of each LULC class between 2001 and 2021 reveals that LULC has changed
signi�cantly during the past 20 years. There has changed signi�cantly in LULC around the last 20 years in
each of the taluks. It is noticed that there has been a substantial increase in settlement in all the taluks as
all the taluk centres are close to the border of Bengaluru Urban. And each of them is connected with either
National or State Highways; with the ease of transportation, Bengaluru Rural has noticed a severe urban
sprawl. Due to the urban expansion, there has been a major change in the LULC pattern. In the considered
period, the settlement has increased by 446.91%, 177.89%, 326.11%, and 246.36% in Nelamangala,
Doddaballapura, Devanahalli, and Hosakote taluks, respectively. Agricultural land has increased by
49.51%, 75.63%, 57.36% and 113.47%. While vegetation area has decreased by 87.77%, 86.3%, 87.64%,
and 88.98%, and waterbody area has decreased by 75.93%, 78.06%, 74.88%, and 83.51%, respectively,
among four taluks. Barren land has increased by 25.73%, 2.95%, and 8.67% in Nelamangala,
Doddaballapura, and Hosakote taluks, respectively, whereas there has been a decrease in barren land in
Devanahalli taluk by 0.22%.

Table 4. Land use land cover details of the study area Taluk-wise
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Taluk Name Particular Settlement Vegetation Agriculture Barren Water

Nelamangala Area in 2001
(km2)

27.70 171.16 268.07 56.44 11.52

Area in 2021
(km2)

97.99 18.15 268.67 145.39 4.70

% Change 253.68% -89.40% 0.22% 157.60% -59.19%

Doddaballapura Area in 2001
(km2)

24.98 269.13 258.76 201.02 17.66

Area in 2021
(km2)

69.42 36.88 454.46 206.94 3.87

% Change 177.89% -86.30% 75.63% 2.95% -78.06%

Devanahalli Area in 2001
(km2)

22.21 178.66 156.89 91.40 7.55

Area in 2021
(km2)

94.65 22.09 246.88 91.20 1.90

% Change 326.11% -87.64% 57.36% -0.22% -74.88%

Hosakote Area in 2001
(km2)

28.38 252.90 134.96 116.32 9.65

Area in 2021
(km2)

98.28 27.86 288.09 126.41 1.59

% Change 246.36% -88.98% 113.47% 8.67% -83.51%

Accuracy assessment

The accuracy assessment was performed by a random sampling method that involved selecting 250
points randomly from the collected images. Results revealed that the overall accuracy was 87.31% and
85.86% while the Kappa co-e�cient was 0.869 and 0.847 for classi�ed images of year 2001 and 2021.
The results indicate that the accuracy of the classi�ed images is acceptable.

Conclusion
Bengaluru Rural District is experiencing rapid urbanization, due to which the area has noticed a
signi�cant change concerning LULC distribution. The current study aimed to assess the amount and
pattern of LULC changes in the study area. The study depicted that there has been an increase in
settlement areas due to increased population and urban encroachment. As a result, there has been an
increase in agricultural land and barren land but a signi�cant reduction in vegetation and water bodies. It
is noticed that most of the vegetation area is converted to settlement and agricultural land. Due to
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improper land use planning in the study area, most water bodies are dried up, which might severely
threaten water availability and recharge. Also, the study area has noticed increased barren land due to
land degradation. The study also revealed that using remote sensing and GIS in mapping and assessing
the LULC changes in an area can be very bene�cial. This method can help in identifying the areas where
signi�cant changes are happening. Some of the recommendations based on the study's �ndings include
establishing effective management strategies for the multiple resources affected by these changes in
Bengaluru Rural District. 

1. Surface water resources in the area are getting depleted; the government should take measures to
manage the surface water levels.

2. Prediction of regional population and development needs to ensure wise land resource usage.

3. Government should introduce a plan to ensure maximum use of barren land by promoting
afforestation.

4. One of the most effective strategies that the Karnataka Forest department can implement is the
promotion of tree planting. This can be done through the establishment of effective partnerships
with non-governmental organizations.

5. Government should ensure planned housing and settlement programs for the upcoming period.

Declarations
Funding

The authors declare that no funds, grants, or other support were received during the preparation of this
research work.

Competing Interests

None.

Authors contribution

Bharath Ashwathappa: Conceptualization, Investigation, Methodology, Writing - original draft. Bhumika
Das: Methodology, Writing - review and editing, Supervision. Manjunath Maddikeari: Resources, Software,
Data curation, Reshma T Vishweshwaraiah: Formal analysis, Software and Investigation, Ranjitha B
Tangadagi: Writing - review and editing, Formal analysis and Investigation. 

Ethical Approval

Not Applicable

Consent to Participate

Not Applicable



Page 10/21

Consent to Publish

Not Applicable

Availability of data and materials

It will be available based on reasonable request to the corresponding author.

References
1. Abd El-Kawy OR, Rød JK, Ismail HA, Suliman AS (2011) Land use and land cover change detection in

the western Nile delta of Egypt using remote sensing data. Applied Geography 31:483–494.
https://doi.org/10.1016/j.apgeog.2010.10.012

2. Angel S, Sheppard S, Civco DL, et al (2005) The dynamics of global urban expansion. Citeseer

3. Barnes KB, Morgan J, Roberge M (2002) SPRAWL DEVELOPMENT: ITS PATTERNS, CONSEQUENCES,
AND MEASUREMENT HydroCloud View project

4. Belay T, Mengistu DA (2021) Impacts of land use/land cover and climate changes on soil erosion in
Muga watershed, Upper Blue Nile basin (Abay), Ethiopia. Ecological Processes 10:1–23

5. Berling-Wolff S, Wu J (2004) Modeling urban landscape dynamics: A review. In: Ecological Research.
pp 119–129

�. Bharath A, Manjunatha M, Tangadagi RB, et al (2021) Assessment of LULC Changes for
Hesaraghatta Watershed Using GIS Tools and Remote Sensed Data. Nature Environment and
Pollution Technology 20:1749–1756. https://doi.org/10.46488/NEPT.2021.v20i04.040

7. Bhat PA, Sha�q M ul, Mir AA, Ahmed P (2017) Urban sprawl and its impact on landuse/land cover
dynamics of Dehradun City, India. International Journal of Sustainable Built Environment 6:513–521.
https://doi.org/10.1016/j.ijsbe.2017.10.003

�. Byomkesh T, Nakagoshi N, Dewan AM (2012) Urbanization and green space dynamics in Greater
Dhaka, Bangladesh. Landscape and Ecological Engineering 8:45–58

9. Chadchan J, Shankar R (2012) An analysis of urban growth trends in the post-economic reforms
period in India. International Journal of Sustainable Built Environment 1:36–49.
https://doi.org/10.1016/j.ijsbe.2012.05.001

10. Chowdhury M, Hasan ME, Abdullah-Al-Mamun MM (2020) Land use/land cover change assessment
of Halda watershed using remote sensing and GIS. Egyptian Journal of Remote Sensing and Space
Science 23:63–75. https://doi.org/10.1016/j.ejrs.2018.11.003

11. Das Kangabam R, Selvaraj M, Govindaraju M (2019) Assessment of land use land cover changes in
Loktak Lake in Indo-Burma Biodiversity Hotspot using geospatial techniques. Egyptian Journal of
Remote Sensing and Space Science 22:137–143. https://doi.org/10.1016/j.ejrs.2018.04.005

12. Dewan AM, Yamaguchi Y, Rahman Z (2012) Dynamics of land use/cover changes and the analysis
of landscape fragmentation in Dhaka Metropolitan, Bangladesh. GeoJournal 77:315–330



Page 11/21

13. Du S, Shi P, Van Rompaey A (2013) The relationship between urban sprawl and farmland
displacement in the Pearl River Delta, China. Land 3:34–51

14. Epstein J, Payne K, Kramer E (2002) Techniques for mapping suburban sprawl. Photogrammetric
engineering and remote sensing 68:913–918

15. Ferrari B, Quatrini V, Barbati A, et al (2019) Conservation and enhancement of the green infrastructure
as a nature-based solution for Rome’s sustainable development. Urban Ecosystems 22:865–878

1�. Gao Y, Shahab S, Ahmadpoor N (2020) Morphology of urban villages in China: A case study of
dayuan village in Guangzhou. Urban Science 4:23

17. Gorelick DE, Lin L, Zeff HB, et al (2020) Accounting for adaptive water supply management when
quantifying climate and land cover change vulnerability. Water Resources Research
56:e2019WR025614

1�. Hashim AM, Elkelish A, Alhaithloul HA, et al (2020) Environmental monitoring and prediction of land
use and land cover spatio-temporal changes: a case study from El-Omayed Biosphere Reserve,
Egypt. Environmental Science and Pollution Research 27:42881–42897.
https://doi.org/10.1007/S11356-020-10208-1/TABLES/7

19. Hossain F, Moniruzzaman DM (2021) Environmental change detection through remote sensing
technique: A study of Rohingya refugee camp area (Ukhia and Teknaf sub-district), Cox’s Bazar,
Bangladesh. Environmental Challenges 2:100024. https://doi.org/10.1016/J.ENVC.2021.100024

20. Jiang H, Guo H, Sun Z, et al (2022) Projections of urban built-up area expansion and urbanization
sustainability in China’s cities through 2030. Journal of Cleaner Production 367:133086.
https://doi.org/10.1016/J.JCLEPRO.2022.133086

21. Jin X, Jin Y, Mao X (2019) Ecological risk assessment of cities on the Tibetan Plateau based on land
use/land cover changes – Case study of Delingha City. Ecological Indicators 101:185–191.
https://doi.org/10.1016/j.ecolind.2018.12.050

22. Li XH, Liu JL, Gibson V, Zhu YG (2012) Urban sustainability and human health in China, East Asia
and Southeast Asia. Current Opinion in Environmental Sustainability 4:436–442.
https://doi.org/10.1016/J.COSUST.2012.09.007

23. López E, Bocco G, Mendoza M, Duhau E (2001) Predicting land-cover and land-use change in the
urban fringe: A case in Morelia city, Mexico. Landscape and Urban Planning 55:271–285.
https://doi.org/10.1016/S0169-2046(01)00160-8

24. Ma X, Peng S (2022) Research on the spatiotemporal coupling relationships between land use/land
cover compositions or patterns and the surface urban heat island effect. Environmental Science and
Pollution Research 29:39723–39742. https://doi.org/10.1007/S11356-022-18838-3/TABLES/7

25. Mahmoud H, Alfons R, Reffat RM (2019) Analysis of the driving forces of urban expansion in Luxor
City by Remote sensing monitoring. International Journal of Integrated Engineering 11:296–307.
https://doi.org/10.30880/ijie.2019.11.06.031

2�. Mallupattu PK, Sreenivasula Reddy JR (2013) Analysis of land use/land cover changes using remote
sensing data and GIS at an Urban Area, Tirupati, India. The Scienti�c World Journal 2013:1–7.



Page 12/21

https://doi.org/10.1155/2013/268623

27. Meng Y, Wang M, Xu W, et al (2022) Structure construction, evolution analysis and sustainability
evaluation of Water-Ecological-Economic system. Sustainable Cities and Society 83:103966.
https://doi.org/10.1016/J.SCS.2022.103966

2�. Mir AA, Ahmed P (2014) Microwatershed level conservation strategies for effective land
management in Haheom watershed, Kashmir Valley (J & K). In: Landscape ecology and water
management. Springer, pp 341–352

29. Mohan M, Pathan SK, Narendrareddy K, et al (2011) Dynamics of Urbanization and Its Impact on
Land-Use/Land-Cover: A Case Study of Megacity Delhi. Journal of Environmental Protection
02:1274–1283. https://doi.org/10.4236/jep.2011.29147

30. Mosammam HM, Nia JT, Khani H, et al (2017) Monitoring land use change and measuring urban
sprawl based on its spatial forms: The case of Qom city. Egyptian Journal of Remote Sensing and
Space Science 20:103–116. https://doi.org/10.1016/j.ejrs.2016.08.002

31. Mundia CN, Aniya M (2006) Dynamics of landuse/cover changes and degradation of Nairobi City,
Kenya. Land Degradation and Development 17:97–108. https://doi.org/10.1002/ldr.702

32. Nations U (2009) World population prospects: The 2008 revision. UN

33. Nega W, Balew A (2022) The relationship between land use land cover and land surface temperature
using remote sensing: systematic reviews of studies globally over the past 5 years. Environmental
Science and Pollution Research 2022 29:28 29:42493–42508. https://doi.org/10.1007/S11356-022-
19997-Z

34. Parmar S, Thakur PK, Chauhan M, Lata R (2022) Land Use Land Cover Change Detection and Its
Impact on Land Surface Temperature of Malana Watershed Kullu, Himachal Pradesh, India. In:
Remote Sensing and Geographic Information Systems for Policy Decision Support. Springer, pp
235–263

35. Rasool R, Ahmed P, Ahmad P (2018) An analysis of climatic and human induced determinants of
agricultural land use changes in Shupiyan area of Jammu and Kashmir state, India. GeoJournal
83:49–60

3�. Reda KW, Liu X, Tang Q (2022) Intra‐Annual Variation of High and Low‐Flow Extremes Associated
With Land Use and Climate Change in the Upper Tekeze of the Nile River Basin. Journal of
Geophysical Research: Atmospheres 127:e2021JD036325

37. Rimba AB, Mohan G, Chapagain SK, et al (2021) Impact of population growth and land use and land
cover (LULC) changes on water quality in tourism-dependent economies using a geographically
weighted regression approach. Environmental Science and Pollution Research 28:25920–25938.
https://doi.org/10.1007/S11356-020-12285-8/FIGURES/8

3�. Sarif MO, Gupta RD (2022) Evaluation of seasonal ecological vulnerability using LULC and thermal
state dynamics using Landsat and MODIS data: a case study of Prayagraj City, India (1987–2018).
Environmental Science and Pollution Research 1:1–34. https://doi.org/10.1007/S11356-022-21225-
7/TABLES/13



Page 13/21

39. Soliman AM, Soliman YA (2022) Exposing urban sustainability transitions: urban expansion in
Alexandria, Egypt. International Journal of Urban Sustainable Development 14:33–55

40. Sun C, Wu ZF, Lv ZQ, et al (2013) Quantifying different types of urban growth and the change
dynamic in Guangzhou using multi-temporal remote sensing data. International Journal of Applied
Earth Observation and Geoinformation 21:409–417. https://doi.org/10.1016/J.JAG.2011.12.012

41. Sun L, Wei J, Duan DH, et al (2016) Impact of Land-Use and Land-Cover Change on urban air quality
in representative cities of China. Journal of Atmospheric and Solar-Terrestrial Physics 142:43–54

42. Tsai YH, Stow D, An L, et al (2019) Monitoring land-cover and land-use dynamics in Fanjingshan
National Nature Reserve. Applied Geography 111:. https://doi.org/10.1016/j.apgeog.2019.102077

43. VASISTH S (2018) Detecting urban sprawl in the Middle Nile Delta region to assess the effects on
Egypt’s agriculture

44. Wang M, Yu B, Zhuo R, Li Z (2022) A Geographic Analysis on Rural Reconstruction-Transformation-
Revitalization: A Case Study of Jianghan Plain in China. Land 11:616

45. Wang X, Gong W, Huang X, et al (2018) Assessment of Eco-environmental Quality on Land Use and
Land Cover Changes Using Remote Sensing and GIS: A case study of Miyun county. Nature
Environment and Pollution Technology 17:739–746

4�. Zhong S, Wang M, Zhu Y, et al (2022) Urban expansion and the urban–rural income gap: Empirical
evidence from China. Cities 129:103831. https://doi.org/10.1016/J.CITIES.2022.103831

Figures



Page 14/21

Figure 1

Location of the study area
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Figure 2

Methodology for LULC mapping & change detection



Page 16/21

Figure 3

Classi�ed Image of Year 2001
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Figure 4

Classi�ed Image of the Year 2021

Figure 5

This image is not available with this version.
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Figure 6

Spatial distribution of LULC classes in the year 2001 and 2021
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Figure 7

Percentage changes in LULC classes from the year 2001 to 2021
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Figure 8

Distribution of LULC classes from the year 2001 to 2021, Taluk-wise

A- Nelamangala, B- Doddaballapura, C- Devanahalli, D- Hosakote
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Figure 9

Percentage changes in LULC classes from the year 2001 to 2021, Taluk-wise

A- Nelamangala, B- Doddaballapura, C- Devanahalli, D- Hosakote


