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Abstract 

In metropolitan regions we introducing a transportation method in operation method to perform of 

emission of carbon in India. Including Mumbai, Delhi, Bhopal, Kolkata, Chennai, Hyderabad, 

Ahmadabad, Pune, Jaipur, Bhubaneswar, Indore and Ranchi, the intensity of Green Freight transportation 

activities significantly contributes to the escalation of carbon emissions. We have to calculate the Green 

Open Space (GOS) respect to the distance covered by Truck (Diesel) through road freight Transportation 

in different cities in India. Introducing Vogel Approximation Method to calculate Carbon emission in 

reference of fuel consumption of the truck. The augmentation of carbon emissions necessitates a 

recalibration of green open spaces to mitigate air pollution. This study aims to quantify the requisite 

green open spaces in Indian metropolitan areas, predicated on the carbon emissions generated. The 

findings reveal that a total distance of 20% can be allocated that is of 936 km of green open space is 

essential to offset the emissions amounting to 3,294.72 kg CO2 by VAM Method. 

 

Keywords: Operation research, carbon emission, green open space, transportation 

 

1. Introduction 

India has a unique culture and is one of the oldest and greatest civilizations of the world. India 

has achieved all-round socio-economic progress since its Independence. India covers an area 

of 32, 87,263 sq. km, extending from the snow-covered Himalayan heights to the tropical rain 

forests of the south. As the 7th largest country in the world, India stands apart from the rest of 

Asia, marked off as it is by mountains and the sea, which give the country a distinct 

geographical entity. Bounded by the Great Himalayas in the north, it stretches southwards and 

at the Tropic of Cancer, tapers off into the Indian Ocean between the Bay of Bengal on the east 

and the Arabian Sea on the west. Lying entirely in the northern hemisphere, the mainland 

extends between latitudes 8° 4' and 37° 6' north, longitudes 68° 7' and 97° 25' east and 

measures about 3,214 km from north to south between the extreme latitudes and about 2,933 

km from east to west between the extreme longitudes. It has a land frontier of about 15,200 

km. The total length of the coastline of the mainland, Lakshadweep Islands and Andaman & 

Nicobar Islands is 7,516.6 km. 

An open space is a piece of land that is undeveloped and is accessible to the public. Green 

space that is land which is partially or completely covered by grass, trees or other vegetation, 

due to rapid urbanization and unplanned construction our green space was converted to 

concrete which has disbalance our environment. The restoration strategies can be employed to 

restore our rapidly vanishing green space [3]. 

A third of India’s population currently lives in cities. It is projected that by 2030, the urban 

population will increase by 590 million and its economic contribution will surge to 75 per cent 

of GDP from the current 65 per cent. With a growing population and as centers of economic 

growth, Indian cities face complex infrastructural challenges and environmental degradation 

due to rapid urbanization and climate change. Consequently, cities must undertake sustained 

actions to prepare for and develop their ability to thrive in the changing environment. 
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In accordance with the need for sustainable urban planning 

and climate-informed development actions across Indian 

cities, the Climate Smart Cities Assessment Framework 

(CSCAF) was developed and rolled out by the Ministry of 

Housing and Urban Affairs (MoHUA). It is a first-of-its- kind 

self-assessment framework on climate-relevant parameters 

with intent to provide a roadmap to Indian cities towards 

mainstreaming climate actions within current and future 

policies, programs and projects. Emissions that give a great 

impact is the CO2 emissions of the pollutants that have a 

large contribution toward global warming and climate change 
[5].  

Green open space is function to suppress the negative effects 

of the built environment in urban areas, such as increased air 

temperatures, a decrease in the level of water infiltration and 

humidity, pollution and others [6]. Green Open Space has a 

necessary environmental role especially in urban areas where 

the demand for build up land increases persistently. It is also 

integrated government office complex [2]. 

With a vision to be more aspirational and progressive, the 

current CSCAF assesses the climate performance of cities, 

encompassing national and international initiatives including 

but not limited to National Mission on Sustainable Habitat, 

Nationally Determined Contributions, Sustainable 

Development Goals and Sendai Framework for Disaster 

Management. In 2020, under CSCAF 2.0, 126 cities including 

100 Smart Cities, capital cities and other cities were assessed 

on these parameters. This study will assess the comprehensive 

determination of green open space that is required for each 

area in Indian different cities as a public green open space of 

CO2 emissions that is generated by each respective area / 

region of the transportation sector. The study used to method 

collecting of the data emission CO2 from transportation sector 

based on types of the road transportation in Indians cities. 

Apart of the data emission CO2 in each area, the large area of 

data in India to get the large of green open space in different 

city in India from the 20% total distance of these cities 

including Mumbai, Delhi, Bhopal, Kolkata, Chennai, 

Hyderabad, Ahmadabad, Pune, Jaipur, Bhubaneswar, Indore 

and Ranchi. The goal of this study is to calculating the large 

of green open space in India cities from data of the large each 

area and data emission of CO2 in each area in India from 

transportation sector. 

 

2. Preliminaries  

2.1 Transportation Model  

Suppose a company has m origins (factory, warehouses etc) 

and n destinations (warehouses, stores etc). A single product 

is to be shipped from origins to the destinations. Each level of 

supply and each origin have a given level of demand. We are 

also given the transportation cost between every pair of 

origins and destinations and these costs are assumed to be 

linear.  

So mathematically notation of the transportation problem can 

be stated as  

 

Minimize 𝑍1 =  ∑ ∑ 𝑑𝑖𝑗 . 𝑥𝑖𝑗
𝑛
𝑗=1

𝑚
𝑖=1       (2.1) 

 

Subject to ∑ 𝑥𝑖𝑗
𝑛
𝑗=1 ≥ 𝑎𝑖 , 𝑖 = 1, 2, … . , 𝑚 

 

∑ 𝑥𝑖𝑗

𝑚

𝑖=1

≤ 𝑏𝑗 , 𝑗 = 1, 2, … . , 𝑛 

 

𝑥𝑖𝑗 ≥ 0 ∀ 𝑖, 𝑗 

2.2 Fuel Consumption: Fuel consumption is the amount of 

fuel used by a vehicle to travel a certain distance between 

cities. It helps measure vehicle efficiency and transportation 

cost during travel. 

 

𝐹𝑢𝑒𝑙 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 (𝜂) =  
𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 (𝑑)

𝑉𝑒𝑐ℎ𝑖𝑙𝑒 𝑀𝑖𝑙𝑒𝑎𝑔𝑒 
    (2.3) 

 

Here we are going to considered the mode of transportation is 

truck and mileage of truck is found that 3.75 𝑘𝑚/𝑙𝑖𝑡𝑡𝑒𝑟, i.e.  

 

𝐹𝑢𝑒𝑙 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 (𝜂) =  
𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 (𝑑)

3.75 𝑘𝑚/𝑙𝑖𝑡𝑡𝑒𝑟 
    (2.4) 

 

2.3 Carbon Emission: Carbon emission is the release of 

carbon dioxide (CO₂) into the atmosphere from burning fuels 

such as petrol, diesel, coal, and natural gas, contributing 

significantly to global warming and climate change. 

 

𝐶𝑎𝑟𝑏𝑜𝑛 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 (𝜉) = 𝑓𝑢𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 ∗ 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛  
            (2.5) 

 

Here we found that the carbon emission is released by 

2.64 𝑘𝑔 𝐶𝑂2/𝑙𝑖𝑡𝑡𝑒𝑟 a truck, then we get formula for carbon 

emission is as follows 

 
𝐶𝑎𝑟𝑏𝑜𝑛 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 (𝜉) = 𝑓𝑢𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 ∗ 2.64 𝑘𝑔 𝐶𝑂2/𝑙𝑖𝑡𝑡𝑒𝑟  (2.6)  

 

2.4 Green Open Space 

Green Open Space (GOS) is an area of land covered with 

grass, trees, plants, or other natural vegetation that is kept 

open for public use, recreation, and environmental protection. 

It helps improve air quality, reduces pollution, provides a 

habitat for wildlife, and offers people a place to relax, 

exercise, and enjoy nature. Examples include parks, gardens, 

playgrounds, green belts, and community forests. 

 

2.5 Working Method 

 Step 1: Firstly, we check the given transportation model 

is balanced or unbalanced. If problem is unbalanced then 

add a dummy row or dummy column with zero 

transportation cost to balance the table.  

 Step 2: Apply any suitable method to find feasible 

solution of given transportation model.  

 Step 3: Implemented optimality test with help of MODI 

Method or Stepping Stone Method to get optimal 

solution. 

 Step 4: Find fuel consumption and carbon emission 

between two cities with the help of equation (2.4) and 

(2.6) 

 Step 5: Calculation of percentage of 𝐶𝑂2 

 

𝜅 =
𝐶𝑂2 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑡𝑤𝑜 𝑐𝑖𝑡𝑖𝑒𝑠

𝑇𝑜𝑡𝑎𝑙 𝐶𝑂2 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑑𝑢𝑟𝑖𝑛𝑔 𝑠ℎ𝑖𝑝𝑝𝑚𝑒𝑛𝑡 𝑜𝑓 𝑃𝑟𝑜𝑑𝑢𝑐𝑡
 

 

Also we assumption 𝜏% of total distance to calculate Green 

open space (GOS) area covering for the city 𝜏% of the total 

distance of the cities covered by shipment of products 

 

𝒅𝝉 = 𝑇𝑜𝑡𝑎𝑙 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 × 𝜏%      (2.2) 

 

Percentage of the Green Open Space (GOS) 

 

𝝃𝝉 = 𝜏% 𝑜𝑓 𝑡ℎ𝑒 𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝐶𝑂2 
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Step 6: 𝐺𝑅𝐸𝐸𝑁 𝑂𝑃𝐸𝑁 𝑆𝑃𝐴𝐶𝐸 (𝐺𝑂𝑆) =
𝒅𝝉∗𝝃𝝉 

𝝉
 

 

Numerical Problem: Computation of 𝐶𝑂2  equivalent of the 

non 𝐶𝑂2  using their respective global potential. The method 

in this study is used to collect the 𝐶𝑂2  emissions data of each 

area of the respective transportation sector to calculate total 

area required for green open space in the metropolitan cities 

in India. Consists of area of the seven cities comprising 

Mumbai, Delhi, Bhopal, Kolkata, Chennai, Hyderabad, 

Ahmadabad, Pune, Jaipur, Bhubaneswar, Indore and Ranchi. 

Each city in India belongs to large area for based to calculate 

total emission of 𝐶𝑂2  in each area in India.Emissions in each 

area from the transportation sector based on Road. Sector 

wise quantification of GHG emission. Computation of CO2 

equivalent of the non-CO2 using their respective global 

potential. 

 
Table 1: Distance between two cities 

 

  Ahmadabad Pune Jaipur Bhubaneswar Indore Supply 

Mumbai 521 151 1172 1592 587 500 

Delhi 977 1364 296 1857 761 700 

Bhopal 589 787 577 1171 193 350 

Kolkata 2056 1878 1514 443 1617 250 

Chennai 1771 1199 2052 1226 1444 500 

Hyderabad 1132 460 1425 1050 805 900 

Demand 500 800 250 650 300   

 
Table 2: Supply Capacity 

 

Name of City Supply Capacity 

Mumbai (M) 500 

Delhi (D) 700 

Bhopal (B) 350 

Kolkata (K) 250 

Chennai (C) 500 

Hyderabad (H) 900 

Total 2500 

 
Table 3: Demand of Cities 

 

Name of City Supply Capacity 

Ahmadabad (A) 500 

Pune (P) 800 

Jaipur (J) 250 

Bhubaneswar (Bh) 650 

Indore (I) 300 

Total 3200 
 

Step 1: Here, Total demand (= 2500) is less than to Total Supply (= 3200). So we add a dummy demand constraint with 0-unit 

cost and with allocation 700. Now the modified table is got as follows 
 

Table 4: Transportation Cost Matrix and Demand-Supply Distribution 
 

 
A P J Bh I D Supply 

M 521 151 1172 1592 587 0 500 

D 977 1364 296 1857 761 0 700 

B 589 787 577 1171 193 0 350 

K 2056 1878 1514 443 1617 0 250 

C 1771 1199 2052 1226 1444 0 500 

H 1132 460 1425 1050 805 0 900 

Demand 500 800 250 650 300 700 
 

 

Step 2: Now apply Vogel Approximation Method to find allocation of products to get basic feasible solution,  

 
Table 5: Optimal Transportation Allocation Solution 

 

 
A P J Bh I D Supply 

M 
400 

521 

100 

151 
1172 1592 587 0 500 

D 
100 

977 

 

1364 

250 

296 

350 

1857 
761 0 700 

B 589 787 577 
50 

1171 

300 

193 
0 350 

K 2056 1878 1514 
250 

443 
1617 0 250 

C 
 

1771 

 

1199 

 

2052 

 

1226 

 

1444 

 500 

0 
500 

H 1132 
700 

460 
1425 1050 805 

200 

0 
900 

Demand 500 800 250 650 300 700 
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We get the allocation between cities as follows 

 
𝑥11 = 400, 𝑥12 = 100, 𝑥21 = 100 𝑥23 = 250 𝑥24 = 350 

 
𝑥34 = 50, 𝑥35 = 300, 𝑥44 = 250 𝑥52 = 700  

 

Here, the number of allocated cells  
 

= 11 is equal to 𝑚 +  𝑛 −  1 =  6 +  6 −  1 =  11 
 

This solution is non-degenerate 

Step 3: Now, apply optimality test to get optimal solution is 

as follows 

 
Table 6: Optimal Transportation Plan and Allocation 

 

 
A P J Bh I D Supply 

M 
 200 

521 

 300 

151 
1172 1592 587 0 500 

D 
 250 

977 
1364 

 250 

296 
1857 761 

 200 

0 
700 

B 
 50 

589 
787 577  1171 

 300 

193 
0 350 

K 2056 1878 1514 
 250 

443 
1617 0 250 

C 1771 1199 2052 1226 1444 
 500 

0 
500 

H 1132 
 500 

460 
1425 1050 

 400 

805 
 0 900 

Demand 500 800 250 650 300 700 
 

 

We get the allocation between cities as follows 

 
𝑥11 = 200, 𝑥12 = 300, 𝑥21 = 250 𝑥23 = 250 𝑥44 = 250 

 
𝑥31 = 50, 𝑥35 = 300, 𝑥52 = 500 𝑥54 = 400  

Step 4 

Here found that fuel consumption and carbon emission 

between two cities that have allocation of products with the 

help of equation (2.4) and (2.6) 

 
Table 7: Distance, Fuel Consumption and Emissions 

 

Distance b/w Cities 
Distance 

(𝒅) 

Fuel Consumption 

(𝜼) 

Carbon Emission 

(𝝃) 

Mumbai-Ahmadabad 521 138.93 366.78 

Mumbai-Pune 151 40.27 106.31 

Delhi-Ahmadabad 977 260.53 687.80 

Delhi-Jaipur 296 78.93 208.38 

Bhopal to Ahmadabad 589 157.07 414.66 

Bhopal to Indore 193 51.47 135.88 

Kolkata to Bhubaneshwar 443 118.13 311.86 

Hyderabad to Pune 460 122.67 323.85 

Hyderabad to Bhubaneshwar 1050 280 739.20 

Total 4680 1248 3,294.72 

 

Step 5: Calculation of percentage of 𝐶𝑂2 = 

 
𝐶𝑂2 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑡𝑤𝑜 𝑐𝑖𝑡𝑖𝑒𝑠

𝑇𝑜𝑡𝑎𝑙 𝐶𝑂2 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑑𝑢𝑟𝑖𝑛𝑔 𝑠ℎ𝑖𝑝𝑝𝑚𝑒𝑛𝑡 𝑜𝑓 𝑃𝑟𝑜𝑑𝑢𝑐𝑡
 

 

 Also, we assumption 20% of total distance to calculate 

Green open space (GOS) area covering for the city  

 Total Distance of all the metropolitan cities covered by 

shipment of products = 4680 𝑘𝑚 

 20% of the total distance of the cities covered by 

shipment of products = 4680 × 20% = 936 𝑘𝑚 

 Percentage of the Green Open Space (GOS) 𝝃𝝉 =
20% 𝑜𝑓 𝑡ℎ𝑒 𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝐶𝑂2 

 
Table 8: Green Open Space Requirement Analysis 

 

Distance b/w Cities 
Distance 

(𝒅) 

% of CO2 

(𝜅)
20% of the total distance of the cities covered 

by during shipment of product (𝒅𝝉) 

Percentage (%) of Green Open 

Space (GOS) 

(𝝃𝝉) 

Mumbai-Ahmadabad 521 11.13 936 2.23 

Mumbai-Pune 151 3.23 936 0.65 

Delhi-Ahmadabad 977 20.88 936 4.18 

Delhi-Jaipur 296 6.32 936 1.26 

Bhopal to Ahmadabad 589 12.59 936 2.52 

Bhopal to Indore 193 4.12 936 0.82 

Kolkata to Bhubaneshwar 443 9.47 936 1.89 

Hyderabad to Pune 460 9.83 936 1.97 

Hyderabad to Bhubaneshwar 1050 22.44 936 4.49 

Step 6: Calculation of the area of GREEN OPEN SPACE (GOS) in the Indian metropolitan cities = Multiply 20% of the total area 

of the city with percentage of GOS is divided by 20. 
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Table 9: Green Open Space Area Estimation 
 

Distance b/w Cities 
20% of the total distance of the cities covered 

by during shipment of product 

Percentage (%) of Green Open 

Space (GOS) 

Area of Green open 

space (GOS) 

Mumbai-Ahmadabad 936 2.23 104.20 

Mumbai-Pune 936 0.65 30.20 

Delhi-Ahmadabad 936 4.18 195.40 

Delhi-Jaipur 936 1.26 59.20 

Bhopal to Ahmadabad 936 2.52 117.80 

Bhopal to Indore 936 0.82 38.60 

Kolkata to Bhubaneshwar 936 1.89 88.60 

Hyderabad to Pune 936 1.97 92.00 

Hyderabad to Bhubaneshwar 936 4.49 210.00 

 

Result and Discussion  

The study of calculating method of Green Open Space (GOS) 

based on Carbon emission from transportation sector used to 

data large of each cities and emission of CO2 in each cities in 

India by the VAM transportation method. In this paper first 

we take Metropolitan Cities of India like Mumbai, Delhi, 

Bhopal, Kolkata, Chennai, Hyderabad, Ahmadabad, Pune, 

Jaipur, Bhubaneswar, Indore and Ranchi.  

 

Conclusion   
India, currently classified as a developing nation, has 

embarked on the Smart Cities Mission, an initiative by the 

Government of India aimed at propelling economic growth 

and enhancing the quality of life for its citizens. This is 

achieved through fostering local area development and 

leveraging technology to yield smart outcomes for the 

populace. In terms of carbon emissions, the transportation 

sector’s contribution in each city has led to a total CO2 

emission of 3,294.72 kg CO2. The strategy for green open 

spaces in India assumes a target of 20% of the total area, 

which amounts to 936 km. The distribution of these green 

spaces across various Route is Covered by VAM Method as 

follows: Mumbai to Ahmadabad at 104.20 km, Mumbai to 

Pune at 30.20 km, Delhi to Ahmadabad at 195.40 km, Delhi 

to Jaipur at 59.20 km, Bhopal to Ahmadabad at 117.80 km, 

Bhopal to Indore at 38.30 km, Kolkata to Bhubaneswar at 

88.60 km, Hyderabad to Pune at 92.00 km, Hyderabad to 

Bhubaneswar at 210.00 km. 
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