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ABSTRACT 

Carbon emissions are an inevitable issue and are of growing importance for society as a result of modernization and 
urbanization. Soils, oceans, forests, and the atmosphere are all sources of carbon storage. They act as sources or sinks at 
different times and emit more carbon than they absorb. Carbon sinks remove carbon dioxide (CO2) from the environment 
through a process known as carbon sequestration. On a larger scale, trees are more effective at storing carbon than 
crops are, while crops serve a purpose on a smaller scale. Carbon is stored in the tissues of green plants using 
atmospheric carbon dioxide (CO2) produced during photosynthesis. Satellite data can be used to calculate ground 
biomass, seasonal productivity, and carbon sequestration. The carbon cycle and vegetation can both be monitored using 
global remote sensing technologies. This study includes open and closed shrubs, agricultural land, large-scale healthy 
vegetation patterns, and biomass. It pays a way to quickly access the value of biomass and carbon sequestration. In 
giving major significance to carbon sequestration, it is essential to take crops into account when simulating a region's 
carbon balance because they can function as modest carbon sinks. 
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INTRODUCTION 
Global warming, which is the most dreaded problem on the planet, is partly brought on by carbon 
emissions from numerous sources. The atmosphere currently includes a lot of greenhouse gases as a 
result of human activities including urbanization, deforestation, and the burning of fossil fuels over the 
last century [1]. One of the most frequent greenhouse gas emissions, CO2, which also contributes to 
climate change, sea levels rising, draughts, and deforestation, is what causes global warming [2]. The 
Atmosphere, seas,  soils, and forests are all sources of carbon [3]. Biomass is measured in situ after being 
estimated for each plant type. The value of vegetation for sequestering carbon over a larger region in 
terms of biomass can be promptly and effectively evaluated using remotely sensed satellite data [4]. To 
global warming, the phenomenon of carbon sequestration includes storing CO2 or other kinds of carbon. 
With the help of chemical, biological, or physical methods, CO2 is eliminated from the atmosphere [5]. CO2 
is one type of greenhouse gas. Burning fossil fuels and other anthropogenic factors can be reduced by 
carbon sequestration, which prevents the atmospheric accumulation of greenhouse gases. A carbon sink 
is a reservoir that collects and holds chemical substances containing carbon. To remove CO2 from the 
atmosphere, carbon sinks absorb it. Algae bloom, soil surface   Forests areas and oceans are examples of 
natural sinks [6]. It is important to measure carbon sequestration using a precise, accurate, and cost-
effective method. So, we can employ established methods like remote sensing and Information Systems to 
provide a more effective remedy in this circumstance [7]. Although the study of earth's surface predictive 
or diagnostic characteristics have usually received relatively little attention, satellite data has been used 
to develop methods for measuring biomass production as well as carbon content [8]. Several metric tons 
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of CO2 are held in biological materials all over the earth. Natural processes convert this organic material 
into fuel sources like peat, gasoline, coal, diesel, and wood. The CO2 that has been collected is emitted into 
the atmosphere when fuel is burned [9]. CO2 is once again stored, but less quickly than at the moment. 
Sinks take in the gas that is emitted and holds it for a longer time. The lithosphere, 
hydrosphere, atmosphere, and biosphere all contain carbon [8]. There are many conventional methods 
for calculating carbon storage. Several of these methods are expensive, difficult to operate, and have 
limited coverage. It is challenging to precisely estimate and monitor carbon because of these limitations. 
Remote sensing can be utilized to get around these measurement and monitoring restrictions [10]. 
Establishing permanent sample plots is one criterion for carbon sequestration that can be met with the 
use of remote sensing. An important source of data about plant biomass is the reflection of near-infrared 
(NIR), red and green wavelengths [11]. 
The main objective of this work is to estimate carbon sequestration using remote sensing product data 
from Gandhinagar district (Gujarat). Gandhinagar district is located on the west bank of the Sabarmati 
River in north-central-east Gujarat and serves as the state capital. During the summer, the river is mostly 
dry. The city covers a total area of 20,543 km2. The Gandhinagar district spans the latitudes of 23.2156°N 
and 72.6369°E. It stands at an average elevation of 81 meters. On land, Gandhinagar has a 54 percent 
green cover. The annual rainfall is around 803.4 mm[12], [13]. 
 

 
FIGURE 1 Study area located for the mapping of carbon sequestration. (Source: Figure 1 generated by the 

researcher). 

 
FIGURE 2 Satellite date for false color composition. (Source: Figure 2 generated by the researcher). 
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MATERIAL AND METHODS 
Material 
Moderate Resolution Imaging Spectroradiometers (MDOIS) are chosen for the investigation of its 500-
metre spatial resolution. The MODIS sensor, which is installed on NASA's Terra satellite, has 36 
wavelength channels and covers the visible electromagnetic spectra to thermal infrared spectra [14]. The 
very first seven 7 bands are primarily intended for remote sensing of terrestrial surfaces and include 
spatial resolutions of 250 m for Red (band 1), Near-infrared (band 2), and 500 m for bands 3 to 7. Bands 
1 to 7 of MODIS were used to construct maps of the research areas [15]. For the years running 2021 and 
2022, NASA provided the study area with MODIS data time series for the entire Gujarat region for 
January, June, and October. The software used to analyze the satellite imagery and geo-data was QGIS 3. 
Topographic maps at a resolution of 1:250000 were used in this inquiry [16], [17]. 
Methodology 
According to the research methodology, the equation may accurately represent the increase in plant 
biomass's total primary output (NPP) [18]: 

LUE.APAR = NPP 
Where, 

LUE=Light Use Efficiency factor 
APAR=Absorbed Photo-synthetically Active Radiation 

NPP=Net 
Primary Production 
The NDVI (normalized difference vegetation index), which utilizes the wavelength in the infrared (NIR) 
and red (RED) can be used to extract APAR and PAR from MODIS satellite data [19]–[21]. 
NIR – RED / NIR + RED = NDVI 
(Near infrared – Red / near infrared + Red = Normalized Difference Vegetation Index) 
NDVI ~ APAR / PAR  
(Normalized Difference Vegetation Index ~ Absorbed Photosynthetically Active Radiation / 
Photosynthetically Active Radiation)  
The rate of biomass production per time step, as given in the equation, is the measure of productivity 
Normalized Difference Vegetation Index * Photosynthetically Active Radiation * Light Use Efficiency = Net 
Primary Productivity 
(NDVI * PAR * LUE = NPP) 
The vegetation acreage extraction process uses images from the MODIS Terra satellite with a 250-metre 
resolution. Six photographs are used in the method. Techniques for digital image processing are used on 
the satellite data. Using digital image processing software, satellite data is improved [22]. 
The winter season is depicted in the image for January, the summer season is depicted in June, and the 
monsoon season is depicted in October. 
A mathematical formula for extracting the vegetation area and another parameter for NPP 
Number of clusters' pixels * the image's resolution Square = Area (m2) 
Meter Area convert into a Hectare area 
Area (m2) / 10000 = Area (ha) 
Since the MODIS satellite 250 m sensor was used to produce this image, the area (m2) is equal to the value 
of the cluster of pixels multiplied by 250. 
The algorithms used are mathematically represented. Theoretical computational methods for 
determining biomass using satellite data include the following: 
 

NDVI*PAR*LUE = Biomass 
 
For integrating simple leaf models of light absorption, stomata activity, light scattering, 
and photosynthesis, the FPAR Estimation approach is used. Using a strong mechanical foundation 
provided by the FPAR-Simple Ratio (SR) Vegetation Index correlation analysis, the correlations between 
FPAR and SR were determined for each kind of land cover. [18]: 

 
Where SRmin and SRmax are the SR values associated with 98% and 2% of the frequency analysis of the 
vegetation indices, respectively, and surface Reflection = (1 + NDVI)/ (1 – NDVI), we have FPARmax = 
0.95 and FPARmin = 0.001. The SR-FPAR model refers to this equation. 
The NDVI-FPAR model, a substitute model, is provided by the formula below. 
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NDVImax and NDVImin stand for the NDVI important information that accounts for 98% and 2%, 
respectively, of the NDVI summary data. The equation is known as the NDVI-FPAR model. An 
intermediate model that calculates the average FPAR from the SR-FPAR and NDVI-FPAR algorithms is 
shown below :[18]. 
 

 
The comparison between the estimated FPAR generated by the models and the ground-measured FPAR 
was done as previously mentioned. This study used this intermediary model to estimate the FPAR for 
2021 and 2022. From 2021 to 2022, MODIS Vegetation indices were used to determine the 98% and 2% 
NDVI and related SR values for several vegetation types. 
 

ε=ε°*T1*T2*W (g/MJ)  
Where ε° = 2.5 g/MJ and 

T1 and T2 link plant development to temperature adaption[22]. 
 

RESULTS 
The Gandhinagar district is studied as the research area. The reported outcomes were displayed in 
Figures 4.3 and 4.4 as well as Table 4.1. In the current study, we computed the carbon sequestration rate 
and compared it to the study period of the years 2021 and 2022 using remote sensing and GIS. The 
estimated biomass of the vegetation for the winter, summer, and monsoon seasons of 2021 is 190177 
kg/ha, 104360 kg/ha, and 127403 kg/ha, respectively. We estimated the district's vegetation biomass for 
the year 2022 to be 96160 kg/ha in the winter, 47491 kg/ha in the summer, and 89923 kg/ha during the 
monsoon season. The monsoon season is shown to have a higher projected value of carbon sequestration. 
 

 
FIGURE 3 Changes in the amount of carbon within the premises of the research area for the time (a) 

January 2021 (b) June 2021 (c) October 2021. (Source: Figure 3 generated by the researcher). 
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FIGURE 4 Changes in the amount of carbon within the premises of the research area for the time (a) 

January 2022 (b) June 2022 (c) October 2022. (Source: Figure 4 generated by the researcher). 
 

TABLE 1: Carbon sequestration data concerning time and study area*. 
 Month kg/ha tonne/ha 

Jan-21 190177 190.177 
Jun-21 104360 104.36 
Oct-21 127403 127.403 
Jan-22 96160 96.16 
Jun-22 47491 47.491 
Oct-22 89923 89.923 

* (Source: Aforementioned tabulation details generated by the researcher). 
 
CONCLUSION 
The current study imparts the assessment of remotely sensed data-based carbon quantification. We have 
analyzed results throughout the study of the research area with a one-time investment and built-in map-
making capabilities. Even though it is clear that the research areas sequester a significant amount of 
carbon, the total amount of carbon sequestered in the study region was found to be 40969625 t/ha. There 
is a great deal of room for additional research on this topic. The environmental quality is enhanced and 
greenhouse gas emissions are decreased by agricultural carbon sequestration. So, the concept of carbon 
trading also has enormous financial potential. 
The Indian economy is built on a foundation of agriculture [23]. A lot of agricultural land is available, but 
little is known about how effective it is as a carbon sink during the growing season. When all the elements 
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and traits are taken into account, it becomes abundantly evident that the current study on carbon 
sequestration has significant scientific value. 
India in particular needs to become aware that there are other carbon sinks than the conventional ideas 
of forests and the ocean as a sink [18], [24]. We urgently need to expand carbon sinks as a substitute for 
forests to lessen the effects of global warming because the area covered by forests is rapidly disappearing. 
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