Assessing the gap between vehicular carbon emission and sequestration potential in urban
areas using E-cognition and primary data analysis, Bhopal, Madhya Pradesh

Abstract: India is now the 3rd largest emitter of greenhouse gases in the world, with around 7.3% share of its name, with many of these
gases originating in urban areas. Urbanization hasled to the overtake of open and green spaces by road networks and built-up areas which
have resulted in the elevation ofmany climate threats like urban heat islands and severe impacts on urban livability.Policies on mitigating the
carbon footprint of big cities are being developed, and one of the measures is promoting urban parks and greenery to offset net greenhouse
gas emissions. Studies show that urban greenery can work as a carbon reservoir and enhance the livability index of urban areas, but support
for such claims and their efficacy is still lacking.This study is devised to check the efficiency and potential of green spaces, urban parks and
trees in sequestering CO, directly from the atmosphere and removing other pollutants present in an urban environment. Taking a zoned-out
area demarcating some wards for Bhopal, Madhya Pradesh, with variable traffic volume and different green cover, as a case, the authors
integrated various methods to estimate carbon emissions, their impact, and sequestration. This study involves the use of E-cognition for
object recognition using high-resolution satellite imagery. The methodology will involve various analyses initiating from traffic volume
survey for vehicular carbon emissions analysis, followed by,the calculation of carbon sequestration based on object recognition and
conduction of physical surveys to identify the biomass and various species of trees present. This study focuses on the gap analysis between
the vehicular carbon emissions and carbon sequestration capability of the trees. Furthermore, understanding how urban greenery helps reduce
emissions and its effects while elevating the social and ecological environment of urban spaces further elevating urban livability. The results
of the research will [provide an insightful view of the importance of urban parks and greenery in offsetting urban emissions. The study's
findings can also guide policymakers and stakeholders in implementing effective carbon-offset strategies through parks and urban
afforestation. Furthermore,studies can be done to reduce carbon emissions and urban heat island formation on road networks, by making
them more manageable |
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1 INTRODUCTION

Bhopal, the capital city of Madhya Pradesh in India, is known for its rich cultural heritage, but it is facing environmental pollution challenges
that have grave consequences for its residents' health. Characterized by elevated levels of industrialization, urbanization, and population
growth, which has led to increased emissions of carbon dioxide (CO2) and other greenhouse gases along with the historic Bhopal gas
catastrophe in 1984. The environmental and health impacts of high pollution levels in Bhopal are alarming, as it contributes to the city's poor
air quality, with grave consequences for the health of its residents. Additionally, the elevated carbon levels also contribute to global warming
and climate change, which threaten the well-being of both the city and the planet.

There are several sources of carbon emissions in Bhopal, including factories, power plants, and transportation. The worst areas in terms
of AQI (Air Quality Index) are TT Nagar and Sector D industrial area. There are several urban parks, green covers, and afforested areas that
can act as a carbon sink and offset the overall footprint of the city. This paper aims to find this gap between emissions and sequestration of
carbon in two urban areas of Bhopal. The paper's objectives are 1) Estimating carbon sequestration in an urban area, 2) Estimating vehicular
carbon emissions in an urban area, 3) Finding gap between carbon sequestration and carbon emissions)
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2.1 CLIMATE CHANGE
Climate change is a complex and important subject that is having a wide-ranging impact on the planet. Urbanism is particularly affected by
climate change, as cities are responsible for a massive portion of global greenhouse gas emissions and are also highly vulnerable to the
impacts of climate change. In 2021, the average worldwide concentration of CO,will be topped 416 ppmv. The pace of growth in CO, levels
is also increasing from 0.7 ppmv per year in the early 1960s to 2.0 ppmv per year between 2000 and 2010, this rate increased. A study by the
Indian Institute of Science, Bangalore, on the GHG footprint of major cities in India calculated GHG emissions by various cities.
(Ramachandra, T. V.; Aithal, Bharath H.; Sreejith, K., 2015). To address climate change, urban design can contribute to reducing greenhouse
gas emissions through strategies such as promoting sustainable transportation options, designing buildings that are more energy-efficient, and
prioritizing green spaces and urban forests. Low-income and marginalized populations are often more exposed to the effects of climate
change due to a lack of resources such as air conditioning, green areas, and transportation choices. [Urban planners and designers must ensure
that climate change policies are fair and benefit all people in the community, regardless of income or color. |
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2.2 CARBON SEQUESTRATION AND ITS METHODS

ABIOTIC SEQUESTRATION

Geological injection- The sealing effectiveness of low-permeable sequences (caprock) underneath prospective storage reservoirs is a
significant challenge for all storage solutions. CO2 is preferably supplied in a supercritical condition to maximize pore space usage
(scC0O2). When formation water encroaches on or invades the CO2 plume, CO2 is trapped as residual gas. Additionally, it can react with
native minerals to cause mineral entrapment and partially dissolve into the aqueous phase, causing solubility trapping.

Hydrodynamic trapping- This technique is essential for storage sites and stops CO, from leaking through the caprock while waiting for other
trapping methods to act.

Mineral trapping- This process can be advantageous or harmful depending on the lithologies' structure, mineralogy, and hydrogeology. It is
important to understand how these opposing forces will affect society.

BIOTIC SEQUESTRATION

Oceanic sequestration- When seaweed reaches the deep ocean, it sequesters carbon and prevents it from interacting with the atmosphere for
millennia. Seaweed grows in shallow and coastal locations and may carry considerable amounts of carbon there, while algae release carbon
into the atmosphere more quickly than terrestrial plants. Algae has been suggested as a form of short-term carbon storage that may serve as a
feedstock for biofuels.

Forests- Reforestation and limiting deforestation can boost carbon sequestration in four main ways: expanding the size of the current forest,
boosting existing forests' carbon density, increasing the use of forest products to replace fossil fuel emissions, and lowering carbon emissions
brought on by deforestation and environmental deterioration.

Urban forestry and parks- Urban vegetation's effectiveness in reducinggreen areas provide several physiological, and recreational urban
vegetation's effectiveness in reducing, and psychological advantages from a social standpoint, as well as raising awareness of the
environment and promoting action against climate change.

2.3 VEHICULAR CARBON EMISSIONS

87% of the total CO2 equivalent emissions from the transportation sector came from road transportation, which is the predominant method of
transportation in the nation. By contrast, the aviation industry's share of the total CO2 equivalent emissions was only 7%. The remaining 1%
came from the navigation sector and 5% from the railway sector. According to the National Transport Development Policy Committee
(NTDPC), the number of people using roads for passenger and freight transportation would increase fivefold between 2030 and 2031. The
nation's total GHG emissions will be significantly impacted by this expansion. The Indian government has already made several steps to
encourage sustainable modes of transportation in the nation after realizing the necessity to separate the increase of GHG from the expansion
of transportation. Launched in 2008, the National Acon Plan on Climate Change (NAPCC) incorporates sustainable mobility as part of the
National Mission on Sustainable Habitat, acknowledging the significance of lowering greenhouse gas emissions from transport. The sources
of emissions for road transport encompass a wide range of light-duty autos, including cars and light trucks; heavy-duty vehicles, such buses
and tractors; and on-road motorbikes, which include mopeds, scooters, and three-wheelers.

2.4 CARBON MANAGEMENT

Carbon management is necessary because carbon emissions play a significant role in global warming, which has far-reaching effects such as
sea level rise, an increase in the frequency and intensity of severe weatherconditions as well as loss of biodiversity. To manage carbon
efficiently, businesses and governments must calculate their carbon footprint, or the volume of greenhouse gases produced by their operations
and discharged into the environment. Carbon sequestration in living plants and soils is likely to have an immediate net positive effect on
atmospheric carbon dioxide, plus a positive effect on biodiversity and other ecosystem services. The protection of existing mature forests
keeps the living plant carbon out of the atmosphere and preserves the current level of biodiversity. (Huston, Michael A.; Marland, Gregg,
2003)

3/SITE PROFILE and METHODOLOGY|

3.1 WARD 27 AND WARD 46, BHOPAL
Ward 27 comprisesNehruNagar, Kotra and edges with hotel Taj and IIFM. Ward 46 is around T.T Nagar, with major landmarks near it such
as DB Mall, Chinar Park, etc.
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Fig 1: location of study area (Ward 27 & Ward 46)

A comparative chart of ward 27 and ward 46 about the locational qualities, similarities and differences is given below:

FACTORS WARD 27 WARD 46
Land use Residential, Commercial and Residential and Public/ Semi
(predominantly) Mixed Public
Green Cover Less dense Heavily dense

Connectivity

Well connected

Settlement el Plnnm‘:d { 30‘")0: sium | Well Planned
formation exists)
Social Infrastructure Adequate
Physical Infrastructure Moderately laid | Well laid
Road Infrastructure Planned cul de sacs
Major landmark 1IFM Forest Department
Income levels LIG/ EWS/ MIG/ HIG LIG/ MIG/ HIG

Table 1: Comparative chart of wards

Ward 27 has Main Road 3 and Kotra Sultanabad road passing through the ward. Ward 46 hasMain Road 3, Main Road 2 and Char Imli road
passing through it.
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Fig 2: Road typology of study area (Ward 27 & Ward 46)
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The methodology adopted includes Traffic-Volume survey that was conducted first and constitutes remote survey done by authors; the chart
below shows the Methodology that was followed:
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Fig 3: Methodology Chart
4.1 Working through E cognition|

E-Cognition, an advanced geospatial tool, represents a milestone in the domain of land cover classification, due to its efficient and accurate
object recognition algorithms. This software eases the process by automating the intricate process of identifying and classifying objects
within remotely sensed images, facilitating unprecedented efficiency in handling extensive datasets. With a unique capacity for multi-
resolution analysis and multi-spectral analysis, E-Cognition excels in discerning land cover features across varying scales, while its
incorporation of contextual analysis enhances precision through the consideration of spatial relationships among objects.

E-Cognition is a pivotal tool to classify land cover within Ward 27 and 46, utilizing high-resolution imagery. The methodology
encompasses a systematic process commencing with multiresolution analysis, ensuring a nuanced understanding of land cover features across
various scales. Subsequently, the application of multi-spectral analysis refines the classification process, taking advantage of the software's
ability to discern spectral characteristics. To enhance the precision of classification, a judicious selection of samples is input into the system,
facilitating a more accurate and contextually relevant categorization of land cover. This leads to the generation of highly accurate, classified
land cover maps.Furthermore, object recognition within E-Cognition is used to identify treetops with the objective of accurately quantifying
the tree population in the classified land cover map. The system to discern and isolate individual tree canopies, contributing to a more precise
assessment of the tree count within the studied areas of Ward 27 and Ward 46. The resultant tree count becomes an essential metric, playing a
crucial role in calculating CO2 sequestration potential.

WARD 27 N

Green Coves A
o

LEGEND
[ Ward Border
Green Cover
Trees

00 0 00 20m
— —

Fig 4: Green cover and identified trees map (Ward 27 & Ward 46)

In Ward 27, where the total area spans 0.76 square kilometers, 1031 trees collectively cover a green expanse of approximately 0.154 square
kilometers, representing 20.3% of the ward. Conversely, Ward 46, with a larger total area of 1.93 square kilometers, with 6291 trees
encompassing an extensive 0.905 square kilometers, constituting 46.8% of the ward's landscape.
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4.2 Physical survey|

Sample research was undertaken in two wards in Bhopal with different characteristics to determine the gap between the total carbon dioxide
emissions from the vehicular sector and total carbon absorbed by the trees of the study area. Firstly, the trees in the park were mapped and
identified for this investigation. The tree's girth was measured using a 5-meter measuring tape, and its height was measured using a distro
meter. All the trees were mapped and numbered according to species.

Over three days, the survey was carried out in ward 27 and ward 46, during which reconnaissance survey was done, species were
identified, and measurements of the identified species were taken. The tree's height was measured with a Laser disto-meter, a laser used to
aim at the canopy's highest point. It was aimed upright at the eye level of the surveyor, and the additional height of the surveyor was added to
the final height then the tree's girth was measured at 1.3 m from the base, appropriate assumptions were made, and the final height and girth
were noted. For each species, a mean height and girth were calculated by taking the mean of all the readings (it will be comprehensive to note
different heights and girths of distinct species with quantity). The species were identified using Google Lens and the iNaturalist app. The
residents also assisted in improving the identification of some species.

The traffic- volume survey was done over two days, at peak hours and non-peak hours. 15 points were taken in each ward, while
survey was conducted for 5 minutes per point at both peak and non-peak hours. The results were averaged to estimate yearly CO, emissions.
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Fig 5: location of points or Traffic- Volume Survey‘(Ward 27 & Ward 46)

4.3 METHOD FOR ESTIMATING CURRENT CO2 SEQUESTRATION |

The amount of CO, sequestered in each tree, following is the process (to be followed in chronological order) can be estimated as follows
(reference Eq 1-6):

Calculate the total (green) weight of the tree
For trees withDiameter< 11 inches:
(Eq...1a)

Weight of tree above ground = 0.25(Diameter of trunk)?(Height of tree)
For trees withDiameter >= 11 inches:
(Eq...1b)

Weight of tree above ground = 0.15(Diameter of trunk)?(Height of tree)
Note: Weight in pounds; Diameter in inches; Height in feet.
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(Note: These two equations could be seen as an “average” of all the species’ equations.)

The root system of the tree weighs about 20% of the weight of the tree above ground.
(Eq...2)
Total Weight of Tree = 120% * Weight of tree above ground
To calculate the dry weight of the tree
(Note: The average tree has 72.5% dry matter and 27.5% moisture.)
(Eq...3)
Dry Weight of Tree = 72.5% * Total Weight of Tree
To calculate the weight of carbon in the tree
The average carbon content is 50% of the tree’s total volume.
(Eq...4)
Weight of Carbon in Tree= 50% * Dry Weight of Tree
To calculate the weight of carbon dioxide sequestered in the tree
(The ratio of CO2/C is 43.99/12.001=3.66)
(Eq...5)
Weight of CO, sequestered in Tree= 3.7 * Weight of Carbon in Tree

To calculate the weight of carbon dioxide sequestered in the tree annually
(Eq...6)
Weight of CO, sequestered in Tree per year = Weight of CO, sequestered in Tree/ Age

4.4 METHOD FOR ESTIMATINGVEHICULAR CO, EMISSIONS
The table below shows the emission coefficient (kg CO,/km) of the different types of vehicles:

Vehicular Typelogy Emission Coefficient (kg
* - Co2/ km)
2- Wheeler 0.0396
3- Wheeler 0.1178
4- Wheeler 0.2055
Bus 1.0774
Heavy Loading I
Vehicles (eg. Truck) 1.2773

Table 2: Emission coefficient of different types of vehicles

To determine vehicular emissions the following are the equations:

(Eq...7)
(No.Of 2-wheelers * 0.0396) + (No.Of 3-wheelers * 0.1178) + (No. Of 4-wheelers * 0.2055) +
(No.Of bus * 1.0774) + (No. Of Heavy loading vehicles * 1.2773)

6 RESULTS AND ANALYSIS

6.1 CALCULATION OF TOTAL CO2 SEQUESTERED |
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fl'he table below contains information about our sample oftrees of wards 27 and 46, including the identified species, girth, height, and results

by applying formulas to calculate the CO2 sequestration of the site. \ Comment [p11]: EUCALYPTUS AND AiLLANTUS
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Total Emissions (5 minutes) of Ward 27 = 197.2632 Kgs

Average total emissions (1 minute) = 39.45264 Kgs

Average total emissions (1 hour) = 2,367.1584 Kgs

Average total emissions (1 day) = 56,811.8016 Kgs

Average yearly total emissions of ward 27= 2,07,36,307.584 kg, or 20,736.3 Tonnes

Ward 46 WARD 46 bt N
\ ehicular Typology €02 Emission A £

Survey 3- Wheeler 4- Wheeler Bus Heavy Loading Vehicles Total Emissions A
Points Court  Emissions| Count  Emissions | Count  Emissions | Count Emissions (kg CO2)
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Table 6: Carbon emission calculation of ward 46Fig 7: Carbon emission map of Ward 46

Total Emissions (5 minutes) of Ward 46 = 448.665 Kgs

Average total emissions (1 minute) = 89.733 Kgs

Average total emissions (1 hour) = 5,383.98 Kgs

Average total emissions (1 day) = 1,29,215.52 Kgs

Average yearly total emissions of ward 46 = 4,71,63,664.8 Kgs or 47,163.7 Tonnes
ki.Z CALCULATION OF GAP IN CARBON EMISSION AND CARBON SEQUESTRATION\

The gap analysis is done to understand the potential of green spaces to sequester carbon from emissions. Here, ward 27 has less green cover
according to the classification through E-cognition and is thus able to sequester only 8.73% of the CO, emissions per year. Ward 46 has a
dense green cover and has potential to sequester 23.36% of CO, emissions per year.

Carbon Emission yearly| Carbon Sequestration . Percentage (%)
(in Tonnes) Voucly (i Tomoesy | 0 U Touscs) Sequestrated
WARD 27 20,736.30 1810.43 18,925.87 8.73%
WARD 46 47,163.70 11017.46 36,146.24 23.36%

Table 7: Gap Analysis

Ward 46 has yearly carbon emissions of 56.03% more than ward 27 and has 83.57% more carbon sequestration potential than ward 27.
Therefore, indicating the positive outcomes of green cover and how they mitigate urban carbon emissions.

7/CONCLUSIONS

|Green cover has always been a problem solver for urban areas and has reduced the burden caused by rapid urbanization. They impact the '

natural and artificial environment of a city, also impacting the public life in social and mental well-being aspects. Urban areas face major
challenges of CO, emissions, which is major Greenhouse gas and among the various sectors, the vehicular sector is the leading contributor to
CO, emissions. The study has successfully estimated the gap between the vehicular carbon emissions and potential of urban greenery to
sequester orstore carbon. Urban greenery not only reduces urban heat but also serves as small habitats of biodiversity, by creating a bridge
between carbon emissions and carbon sequestration. A fully grown tree sequestration represents the amount of carbon stored over the years.
As discussed in this case, various aspects of carbon sequestration were noticed and the potential of the park for sequestration by the
conduction of both surveys and various tools. The validation of the tools was done along with determining the accuracy level and gives an
insight into accuracy of tools that uses remotely sensed images and tools. Further work could be done to estimate the potential of trees at city
level and their potential to mitigate sector-wise emissions.

\
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