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SUMMARY 

The research on the assessment of the impact of urbanization on carbon emission (CE) is 
crucial for the development of low-carbon cities. Particularly, cities in developing countries 
are experiencing severe challenges due to higher CE due to rapid urbanization. This study 
aims to understand the impact of urbanization on CE in the Kolkata megacity region in India 
from 2000 to 2020. This study used a land-use CE (LCE) framework to estimate the CE. The 
findings were also validated from the data extracted from the Global Human Settlement 
Layer (GHSL). The CE from 2000 to 2020 increased in the Kolkata megacity region 
(increased by 188%). Urbanization had a positive impact on CE (r= 0.465). The LCE model 
was validated (r2= 0.842) based on the built-up surface area (construction land). The higher 
performance of the model indicated that urbanization had a significant impact on CE. 
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Introduction 
Urbanization has emerged as one of the visible anthropogenic impacts on the earth's surface (Singh et 
al., 2017). The continuous socio-economic transformation due to urbanization has significantly 
intensified the urban environmental conditions (Wu et al., 2016). About 50% of the total population 
lives in urban areas, and it is expected to increase by 65% by 2050 (Shahbaz et al., 2016). The rate of 
urbanization in cities of developing countries is more rapid than the cities in developed (Sadorsky, 
2014). The increase in urbanization in developed and developing countries significantly changed the 
greenhouse gas (GHGs), resulting in global climate change and threatening sustainable development 
goals (SDGs), such as Goal 11 (sustainable cities and communities) (Ali et al., 2019). With rapid 
urbanization, agriculture-based activities transform into non-agricultural activities leading to higher 
CE (Lin and Ouyang, 2014). The urbanization process is also associated with increased human 
consumption and energy consumption, resulting in more CE in cities (Wang et al., 2017). There was a 
significant increase in urban population in India in the last few decades, particularly after economic 
reforms in 1990. As per the estimation, India is expected to add the highest number to the urban 
population by 2050. The urban population from 2001 to 2011 in India increased by about 3.38%, and 
this percentage is expected to increase in future. In the previous literature, it was estimated that 
urbanization impacted CE. In India, large megacities have experienced rapid urbanization due to 
socio-economic and infrastructural transformation. However, no studies were carried out to 
understand how urbanization affected CE in cities. Thus, in this study, an attempt has been made to 
examine the impact of urbanization on CE in the Kolkata megacity region.  
 
Materials and methods 
Study site. Kolkata megacity region is one of the largest megacity regions in India, with a population 
of 14.72 million and a population density of 7950 person/km2 (Census). Kolkata megacity region 
comprises 3 municipal corporations (Kolkata, Howrah and Chandannagar), 38 municipal corporations 
and 77 census towns (Ghosh et al., 2018). Urban areas also surrounded 445 rural villages. Recently, 
the Kolkata megacity region has experienced environmental problems due to rapid urbanization, such 
as air pollution, poverty, traffic congestion and deterioration of eco-environmental quality (Haque and 
Singh, 2017). The rapid rate of urbanization has significantly affected landscapes converting natural 
landscapes (vegetation cover, water bodies) into artificial landscapes (construction land).  
Data. The land use data has been extracted from LANDSAT 8 OLI in 2020 and downloaded from 
United State Geological Survey (USGS-https://earthexplorer.usgs.gov/) to estimate CE and land 
urbanization (concretional land). The population data has been collected from the Census of India, 
2011 (https://censusindia.gov.in/census.website/) to estimate the per capita construction land at the 
community level. To validate the findings, the built-up surface area data was extracted from the global 
human settlement layer (GHSL- https://ghsl.jrc.ec.europa.eu/).  
Estimation of CE. There were generally two ways to estimate CE: direct and indirect (Yang and Li, 
2022). In this study, CE has been estimated from direct estimation from different land use types using 
the following equation (Yang and Li, 2022). 

 
Where,  refers to the direct CE,  refers to the CE from particular land use type i,  is the area of 
the land use type i and lastly,  refers to the CE coefficient from the land use type i, respectively.  
Estimation of land urbanization. In this study, urbanization has been calculated from land 
urbanization. Land urbanization not only refers to the transformation of land from rural to urban 
rather, it also comprises urban land and construction land. Land urbanization has been measured 
based on the proportion of constructional land and built-up surface area at the neighbourhood level 
(Gao et al., 2021; Fan et al., 2020).  
Statistical analysis. Descriptive and inferential statistics have been employed to understand the 
relationship between urbanization and CE. Spearman correlation coefficient (r) has been used (the 
significant correlation was considered at p<0.05) to examine the correlation between urbanization and 
CE.   
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Validation. The model has been validated based on linear regression. The global human settlement 
layer (GHSL) has been used to validate the model. Using zonal statistics, the average value of built-up 
surface area GHSL extracted at the neighbourhood level has been employed in ArcGIS (version 10.3).  
 
Results and discussion 
The overall results showed that the model revealed good performance, indicating that CE increases 
with increasing built-up surface area (r= 0.917; p<0.001). The r2 value was 0.842 explaining 84% of 
the model (Figure 1). Thus, the areas with higher built-up surface areas are characterized by higher 
CE.  
From 2000 to 2020, construction land increased by about 185%. In 2000, constructed land was 271.53 
km2 in 2000, 571.83 km2 in and 776.40 km2 in 2020. The agricultural land and vegetation cover 
decreased by about 17.01% and 29.91% from 2000 to 2020 (Figure 2).  
 

 
Figure 1 Regression between CE and built-up surface area. The dotted line refers to the exponential 
regression line 

 
Figure 2 Pattern of urban expansion in Kolkata megacity region (A) 2000, (B) 2010, and (C) 2020 
 
Thus, the increase in construction land and decreased vegetation and agricultural land significantly 
affected CE. CE increased by about 188.29% from 2000 to 2020. There was a dramatic increase in CE 
from constructional land (increased by about 185%) and agricultural fallow (increased by about 
22.62%). CE substantially decreased from vegetation (59.91%), followed by water bodies (28.15%) 
and agricultural land (17.01%). The spatial maps showed that the urban areas were characterized by 
higher CE than the rural areas located at the fringe. High CE characterized the Kolkata megacity 
region's urban areas along the Hoogly river (Figure 3).  
The correlation results showed that land urbanization positively CE indicates that CE increases with 
increasing the constructional land (r= 0.465) (Figure 4).  
The CE increased mainly due to the increase in construction land and the decrease in vegetation 
cover. The alteration of land use type changes the carbon dynamics, and an increase in constructional 
land can produce large CE (Wu et al., 2016). The croplands are one of the important sources of 
atmospheric carbon, and the increase in the use of pesticides, diesel oil and agricultural film plays a 
significant role as a carbon source (Yang and Li, 2022). The vegetation cover stocks carbon, and a 
decrease in vegetation cover increases CE. The CE from constructional land significantly increased 
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due to the transformation of vegetation cover and water bodies into built-up areas (Kafy et al., 2022). 
Through urbanization, the natural landscapes are converted into artificial landscapes, resulting in 
decreased carbon stock capacities (Rehman et al., 2022). Therefore, afforestation and reforestation in 
large cities experiencing rapid urbanization can increase carbon stocks and decrease CE (Liu et al., 
2017). Our findings were proven with satisfactory validation, explaining that built-up surface area 
(urbanization) had a significant impact on CE. Thus, the results are robust (Inácio et al., 2022). 
 

 
Figure 3 CE pattern in Kolkata megacity region (A) 2000, (B) 2010 and (C) 2020 

 

 
Figure 4 Scatter plot showing the correlation between land urbanization and CE 

 
Conclusions 
Urban areas are the main sources of CE due to higher constructional land, energy consumption and 
location of industries. In this research, an attempt has been made to examine the impact of 
urbanization on CE in the Kolkata megacity region (India). This study on the impact of urbanization 
on CE significantly contributes to climate change and low-carbon strategies. The findings of the study 
can be summarized as follows: 

1. From 2000 to 2020, CE significantly increased in the Kolkata megacity region. CE increased 
by about 188.29% from 2000 to 2020.  

2. The highest increase in CE was recorded from built-up areas, and the highest decrease in CE 
was recorded from vegetation cover from 2000 to 2020 in the Kolkata megacity region. 

3. Urbanization had a positive impact on CE. It indicates the fact that CE increases with 
increasing land urbanization.  

4. The validation results showed that the built-up surface significantly impacted urbanization. 
Thus, our estimation regarding the impact (positive) of CE on urbanization was robust and 
acceptable. 
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