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Abstract

This research paper integrates the analytical framework of the Pune Municipal Corporation Environmental
Status Report 2026 with peer-reviewed evidence on vehicular emissions and urban carbon sequestration
in Pune. Pune, the second-largest city of Maharashtra, has experienced a 700 percent growth in registered
vehicles between 1997 and 2017, while its urban tree cover and 216 public parks continue to deliver
measurable carbon sequestration services (Patil & Khandelwal, 2023; Shukla et al., 2025). The paper
evaluates the trajectory of vehicular air pollution, quantifies the on-road transport CO: footprint, contrasts
it with PMC garden carbon stocks of approximately 7,27,291.785 tonnes CO: (Vijayalaxmi & Dnyanesh,
2021), and synthesises the regulatory-landscape implications of the ESR. Findings indicate a clear
asymmetry: the vehicular emissions trajectory continues to grow despite BS-VI migration and Metro

expansion, while the city's biological carbon sink remains incompletely integrated into its climate-
mitigation accounting. The paper recommends a formal coupling of emission inventories with urban-forest
carbon credits within the ESR reporting cycle.
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1. Introduction

Pune occupies 484.61 sq km of the western edge of the Deccan Plateau, with elevations ranging from 560
to 800 meters and a climate shaped by the Western Ghats (Nachankar et al., 2025). It is one of India's
fastest-motorising metropolitan centres and the top-ranked district of Maharashtra by vehicle population
in 2015-16 (Airy et al., 2019). Although the city is celebrated for its cultural and educational prominence,
its pollution profile, particularly that of particulate matter (PM2.5 and PM10) and the transport-derived
nitrogen dioxide (NO2), persistently exceeds Indian National Ambient Air Quality Standards. The Pune
Municipal Corporation publishes an annual Environmental Status Report under the requirement set out by
the Ministry of Environment, Forest and Climate Change and the Central Pollution Control Board. The

ESR collates municipal waste, water, ambient air quality, noise, and sanitation data, and is intended to
inform citizens, regulators, and planners (Nachankar et al., 2025).
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The ESR 2026 cycle, the most recent consolidated assessment under the post-pandemic urban-recovery
planning horizon, foregrounds vehicular emissions, expanding urban heat exposure, and the ecological
role of green cover.

It is within this consolidated framework that two specific research questions frame the present paper:
1. What is the present vehicular-pollution burden in Pune City, and how does it relate to traffic
composition, modal share, and BS-VI compliance?
2. What is the carbon-sequestration capacity of the PMC's urban green spaces, and to what extent
does it offset vehicular CO: emissions on a per-annum basis?

To answer these, we synthesise Pune-specific peer-reviewed evidence on traffic emissions, air quality, and
tree biomass, and triangulate with the regulatory mandate implied by the ESR 2026.

2. Methodology

The paper adopts a narrative integrative review design. Peer-reviewed sources on Pune vehicular pollution
(2007-2026), air quality (2015-2026), and carbon sequestration (2003-2025) were retrieved and
synthesised. The PMC ESR 2026 is treated as a regulatory framework document rather than a primary
database; its statutory scope — ambient air quality, water quality, noise, solid waste, and green cover —
is used to organise the present study under equivalent headings. Quantitative claims rely on the cited
primary literature; statements about the ESR's procedural role are based on the standard prescribed form
of such reports under Section 5 of the Environmental Act, 1986, and the CPCB/MPCB reporting protocol.

3. Pune's Vehicular Pollution Burden

3.1 Vehicle Population Growth and Modal Share

Pune's registered vehicle fleet expanded from 7,88,223 in 1997 to 49,79,985 in 2017, an approximately
531 percent increase over twenty years, against a population growth of about 90 percent in the same period,
resulting in a per-capita motorisation ratio that has multiplied several-fold (Patil & Khandelwal, 2023).
The Institute of Town Planners' enumeration of Pune & Pimpri Chinchwad reports a metropolitan
population of 69,75,000 across 693 sq km serviced by PMPML — a bus system that carries only 13 percent
of total trips, with private transport commanding 44.9 percent and intermediate public transport (auto-
rickshaws, shared cabs) 8.3 percent (Patil & Khandelwal, 2023; Rao et al., 2012). Non-motorised transport
and walking account for 33.8 percent, an unusually high share by Indian metropolitan standards that

nonetheless is being eroded by two-wheeler purchases (Rao et al., 2012).

A 2013 commuter survey found that 75 percent of two-wheeler and four-wheeler users are stuck in traffic
jams one to three times daily, while 60 percent spend more than 15 minutes daily in congestion; 94 percent
report willingness to shift to public buses if reliability improves, and 87 percent indicate willingness to
cycle if dedicated infrastructure is provided (Jain & Pawar, 2013). The gap between modal-share intent
and realised modal share identifies the principal lever — service quality — through which vehicular
emissions can be reduced.

3.2 Traffic-Related Air Quality
Air-quality monitoring under the Maharashtra Pollution Control Board network across five Pune stations
covers the period from June 2019 to January 2026 (Kulkarni, 2026). The dataset confirms a city-averaged

IJSAT260311465 Volume 17, Issue 3 (July-September 2026) 2



https://www.ijsat.org/
https://jenni.ai/citation?d=z%3ArVhNbBvHFZZiOwmK3tJDm6LB9MepDIgr%2FokiDbi2JFu2bDGiTbo%2BOAU6uzvLHWn%2FPDMrisrFDVCg6MXHHntIz0ELFGh8K1L0UrSnHgL0ZvTY9NLGaVFf%2Br3ZJUXabu3EISByuDPv73vfe%2FOoH91fODWMUo%2BbVN1fWNzL%2BFC8lceuUF693QpSJYcyORlnfnBFDsMIf0bjnLQiMk30vfsLL%2Fmumx7eXzgZhIIOPDr%2FycMP77299KkficA8unD1tQa9PJNmjy5c%2BeToweX3vyJG0jfhowuXXqWjZ2bsnviMCrff%2B%2BhL57JfTBWeeuOD63%2F78QsovNq3X6YKT1j9L6Dw2iICPnowVfhyQK8XUfhLivnOF%2Bfhzg8X6DVR2Po3EHzjg2cp%2FI%2BNIygVvmllbhQK11%2BCqYe%2Fmyjs%2F%2BRxhSef6qGlxjulwq0%2FnMsQZ6nw13O0%2BdYtRPzeR89SOO%2Fh%2BW%2FaPBQKNz7%2BI15%2FmijcxAZ2n6XwX6Tg8vulwtpPZzy8OJjz8MYrz%2BXhpyRz9KBUePquzUOpsMjCFMOtx2nzHApXKA0f3isUXvqZdWmi8PpfH6fNcyis%2FnOGNlt2Pa2U6795rpDns%2Fw6QkScpcK%2F2K2Jwpu%2Ft4z9bArPfdkmtlB4eUi%2BX5lWyjcoX%2BdmFYo7eWrE%2BMSfL%2BZKJkNmQsE0jwUzEm%2BBwnLZPmRZmuWRbXosDZibmpB50kihWcg1k4mnBNfCZ%2B6YcZXmic861dOM49PKJ9YeiR6IUHoR5OZk1qrV0w7bsF9hgkR8bjgJc8NGMOGlUSQ8g%2F1ApbE9cUMM4Q%2BP2EDxRGepMmw3CKQHd5duDHbPFK4%2FxfS8yyZlzc7yWme5017FY8bq1dpaYWVtud1ertcb9LjW6ayx283aDxy2JYe5EqzmsC7PNKnu5YlgS0CdUR5guSfjTEm2GcJOOOJ%2BsYkLJaTdDZ4MeZRCxxKgNLBkxSxe24k%2Fu1GIsH6aK0%2BchQP1SrMJHwbcjQSrO2xT5Z4ECAH3jPXFJlGUYJVJWqpX6%2FUK3hpn2KY0Y9Y33ACn3nFaWVcYlWZpJA1P5jbWARRbAgT6jsP2Y%2BcMYxu5ZruZUHRzFsG%2F%2BWTIXR5yxXVoFBLZarXb1WoVi87aarlowIFur7vDNgThkaucXeMqQeL3IVGrtZpNe7JWsyJYrdXqzmoT9ruDzQlSXe6HY856ivtCh0jfWhV0wuF6p1Mv5BtVByll63Jz0N9hb4Hz%2Buz%2FdNs%2Bp0w8sRPyA8FcIRLmRbnrWu4MBfBWRBDC3WalUl9mGjIoo1CMmQYKdslcoAYwSq4iYRJgj1mm0gPpF4Vg8XCm6V7PTZiq7xL940yWCbHUjPPIyAwU0PaoZrcb9UqjucxWa5XVBgjij1K1f3%2FhtZC7GkY9Mz71811EVjIk5ntInRdylFUyhDy5gxYAUCXyX%2FLGpD4fM4kFVZIoqmUoEsp8AVLME%2FQTRiNRVInEgQATZcIRvV5mBGAKzEj6Ts5ttCQUKHQekXhj20yAihbqAIULEdr2SQ3KxcYYw4VoBjY91kbE2hmEcEub3B8zcchjmZC7sFN6R0Ad%2BxeLxJAt6%2BaMgyQgkpC%2BTY486Y7tRoVLk0P%2FzzPiwhyKYEMmPInOBLCRYvBrpgUUNgouO%2F1J3WL4JLtSgUkxEq8IOipBeVTgHqIvMJjeR9JQ9gnz01hoIz2c8sn3yiV0N%2FJ1Rx6UiRWHbOlSurONDtTNE%2BnJDP73hIIxwAS%2Blme6PTpCVvoj7oUh26BCNqwrtQauFTgG1SVFSvYyzpTIFDYStBaJpAP4aKyRJAJVpahOxXLlApZjyKAwF9pZRyTI2JxIkSTqbEBtMnBbXGYyNJte8hfOeGjN9vtIGlQuuTmGiI9C1eVNkvg5gbzMcoMKPCJ0
https://jenni.ai/citation?d=z%3A7VpNbFxXFXZI0hbEAqksoIjqFkhxJHs8f7ZnIoXWdn7qJm6m9rRetEjcee%2FOvGu%2F9%2B7L%2B%2FF40k1UhITYdIEQSxZlXYFAotmhIjYIJCQWldgVlhSQICmIbPjOue%2FNvLGdNFG66MJWa8%2B8d%2B%2F5P%2Bee8928eWvmZN%2FEeqDDx9X1zKRq9NkfdbJQzYnUUyJRjgld4ct4oJJUODodCdMXG9KTsUy8NJYiSWWK1euhq6XwZCJ6SoVC7Ucq1ip0dDgQoJHqMDNZIgaxGaaekCDqeDIcKGH2VMy8fAkOrnKkqyqiiwepSaUvwizoYQW4prGOEqET4YJ3qh3p%2ByOhQydWMiE2bkZ7RCwj7RaMdCgiE2W%2BTLUJma0KIt%2BMAhWmFQjNnGPl4KuIQHVOyD7s4cqe9klZFtSEeyokZRQU3FPgr%2FFABAYCk1wgMTTxLskAtllED8mGkGYoYzcR6dCIoaeUD0WyRA5yBR0TgFdqxdonYwbaV3gtotjsaVe5ojci8okSe8rTjq8SSOCSJQYDFeO9hPB7xs9YPSiberCPhEUqYjWDNtqKl%2Bg0sybA6z2thtjaj03AL8E4TCIIYldEvgxD0gXu8eFZndKm0KQiyeBsHcqenyugwzQ2bubwPiidICxIqCw1kAJaEXlP79JKEWU9XzsTbqKPxVjmkp79LMbaWOggUiniBH6kvVlY4ln4FIwieABhN7aKFcf0EhXvgVpgXEQOS4NoyWLShs2QZi6FjIvgwe7Uk6l9TisnIQajHxJ2tpclZ8kQJkTU1RpnyKEUedMECsEmG8kMsJOKA4UMwavDpNc73bPwYxIpWHJPUVQnotmstM%2Fw7lYF3Ga3pb%2FLX18y4XxgUiTtDag6IfOXmz8UjUaldeZsRWxrjn1ODWv8aYMJMwxVnHg6OhwePeR8QBZDTGMzsfQ49slBIEaeFRkKAlImVCSCgccHlFFMzMnimD9Ph1UySlIViCFJBv%2BoOERkDDzhyEhyXeH1CDa7MBE%2BxQ0R3FCIsjmxutndWriKLanYlBruzdcxRek4KiHZSXBkDwxks2cIs82JnnZGUBsfEFuk0XrZIx3rke7EI5xJCA5UAhXDnmsGouFjEUjEDsmMzfeoNLx7XA3Hgcl0pwrOOE0iSIwyibhFGPWzNIOtJwHP5YQNERkUJnhgUw24pCVCUakAuXFCl%2BSAKXYoqiA%2FMhmlT5Gf7DuQRaq7qEjWy5NQIh6ORu6gPMFZe6x2XstQpAxEK%2BdlKd04Q5AGOB4Ck0Eo8KQQQPzk5RYLYjUAqblcqSwErwgE1kyMtVY2Mh1kj0wCq7kKSWEijjCqTlYu0vSwRvePKdhfigjEqUigzKHi2PCJiFnM0cDnEBViKvxhbjwxG8WqD4%2F3kJ285V6B1enC0FPhw8%2FLHAqpkMIQ%2FYCCieNBo4SYT4Ucvjsq4gOnbPss7iEYpnOtOF3GGwK9Dy5jZyO7daBv2KM5CDKkQnG42vjk816sd61G3YtbpVNTUOiidvA7w0W79JIe5lFbrBui4sDCiA2bnXl9oCpXeI%2FOjDwNTAjd%2BQiapEueDYicwiiTd3BLwmaj0m4Vt1VehtIfJSCWx4l0Ug7NA7YYB%2F69%2FaFCGWscaFyQiqLqiktb60L6JndPQLkJ%2BeJYu6ibHKG53CMl8SDjHuV%2B5y1VRb%2FgbavXOnywaoKeHFVcajFuzXzBk70EFJz0uFE7btSOG7XjRu24UTtu1I4bteNG7bhR%2B3Q0ar4tccq9gBAa1Kv1xflaLaDWCqGg4vWwb27NnBjg7PXA%2F6ZPb2Ldw1EcJ9%2B9NfMZN5SBwt9%2BXyK4R86mNKgg6GOCK6ingaR2DI2VGxtfzRxer65kAXzIO5w1ceWe615Fq%2BTbdYNVlISB3LNr%2B0i7jtu%2F7Wg3uTVzytVJL7yJ30l40wnkQC%2FVGvVWbbHW9KA9nKf2d7bHz7
https://jenni.ai/citation?d=z%3A7VjNbhvJEaYTIz%2B3PELvwYANyJRI2YZ3L4GldQDB2awgMvY1PdM1M23NdM%2F2DynuSUEeIciT5KS3yDPkAZLL3nLJV93DP8v2ZfewBwKGTc5UV31V9dXXRf%2F1bvTLyjpda%2FNr%2Bi7aQKvf%2FuMyGjoSoSHhqbRGiVa6mnwQpQ4rYSvxjWykk74JTgofZID1hVFaikZ6URAZQTc9OU2m1KYW8BG0iTZ6UTu7DI2QcFo20tQk7IJcitVKRFBUSkVjMceDYINshYldAQtEDU73XmgvFGIHXcq2XQltSkfScxgV%2BYxwstdqHUgb0ds%2BtjJoa1JY6vrWrjoyYQzQKbKjEl9FD69HQlaoh5KFbjnZBNSaBRlOhpDgghBf44HoLAAzLrhYWnfNGBA29vyQawg0S%2BmUF2FpxbIhapFI9LIeEixth1ghw7rhYna6JbwWvbMLrUiJYsXuPYkFNbpsyQOB4krUNTm8lwC%2FsG1M6SHZ0KA%2BEhUZi7OIbHSG53WIuQR4vdC0xNHK2S69RGDjewDJFn0rjeFc0J4WndWBDxkbhI9otjayaIcEtAnOqlimc0jagxYMKgYLFMiK3Tf6mi1FH4tWl9toooIxzBTnWUUHWyd011MAT9BHPhvNTsx1TxGoRwdAu01VMhxbeHILeOusAnMSGrAlOs4mlSFExZRRIA9Oh0aG%2FJwttxRD0e%2BBfVxE%2F4QLYQ1YNzl9xA1l5u07WAPbHuQyoE7kOsKE4NV91xeX8yfoo%2B8JlVwQs9qLZ8%2FGXz5Kp1%2BOEe3xO9lep69%2FsuZpZwOG9nukunXz79u%2Fi9PT8ctHT8binU7cT6ORi79fMGGXhpxvdH%2BfHgVmvuOKgdM4zCGbxH1uEJxxZ0WEIGBkDDEEi47XPFHJWRmdS5%2F3aeVXPlAnlowM%2FSFnwIy6EaXsZdKVZA%2ByZUMvWuYNO%2FyGwLIjcXY1nx3%2FEUeCuJIa7R3skkdZluQZOwPH9KBAeXqWKNuRKHS5Qtr4AG5xRhe7HbnMHZlvO5ImCeSAEpBDPc8toOHjmkgcDsOMw59QmnR6o4YbYia%2Fe4KzGZMeiCGT4C1oVMUQUest4ZOcpEL0FsKEDlxRnSTNC2KpgLvNQO%2FgQCneM6uAH5MM6SPuU34Htxh1BUXKXd5SiWOUGrMDeUKzFintQcsgUhbQdudyZ9zShGAMcD10NgIUYjIFwJ9BbmHgqIaroyGpaBCrh4Nz62CbsXHpgL23HlVThKGwfWIYq1PGxZnez%2BjznEL9pejhnEUCMgfFyfTpOZhLbEj3EAsxC78Ziice944qdLzAdKYjnyLW5RyF3qNPer4bYY0KIwzoHyToywYZeQ6%2BRzl8L6lPF85u7aMrQIb9WVvfLpsDnb5BlE2zMd2609%2Fnq7nrIkZhfblmfqb7XlzMc0bz17OdW1MwdaEd6Z1Nor3zkh8OrF3bLaE4qDC4kadz0AdWuXX3%2BM4YxsAa5J6uoO24DNMA5qyLsn2HtvhUNpb2nHhWeWlku%2FJwNvBEliFR84NabIj%2F6X6QkU7jQkuCtBZVJf4wuxCytUN7Op5N4HNOK%2BhmYuiAe0USD2LaUT5337IqtuvYWb0u0IMz2xVyNVa8YtyNftfIwsNDGQ6L2mFROyxqh0XtsKgdFrXDonZY1A6L2s9jUWuzxJH6GhSqpyfT508nk45XK1CB3IWp7N3oQY27t0H825bfOF3gKnb%2Bb3ejXygjO8K%2FVSVB7lV5JS0UBHtM9wZ62klex7BYKWdbGt23pzexQw%2FTifJcvPmk3VusSm22q88gCbVcZNsKY3epqh9Krfzd6KHSvjC3%2BNub27KTtX4xOZ2%2BnDyfPGuQPZpHN%2B%2FfbZ7B7lv5w3tYx1yB99OTyfTpyQR%2FGhSwjlibCoT0sQirngFdS4clsaU5vj5AoclWb3D17z4mLJjtCrYt1ILU2eqcNetBSKPO
https://jenni.ai/citation?d=z%3A7VnNbh23Fb5t%2BrNoN90UXXTBLuKfQhrdH9uxDAiBkqaogrpWLbUBuijAGXJmKHHIMcm5V%2BOV275IkbfQLnmOvENW2WWT75AzV1c%2FNhAgiyyuABsWyTnnO9%2F5zuEh%2FJ%2FLyXuldapS5pfyVWeD7H%2F9%2BXFnJCtU6JnyjBummta6wE1gncvxeyFNkI4pw57zmjvu6%2BB4xo4Cnbf41pYs1JI53iqhe1Y5u1KmYo0MzrZWKy9xLp0pbGeC6zP2YgmTnLXSKSvirmrkTjpDUGrumQ%2FcBSmYvKBj0hRktXU217LxhMfzUgIxTnDfs8YuZQOsZK2VttVpr7JW%2BIzRz2kNxD50omdcCCc9IVsbLHkBZ3nPwsqyVS2lBsTOS0esCFbazt1YXtUKTsDGUmoNcBk7Sca1t6xURiDuLjAnuVAG3jaQBUs2WNvlWhVkwnhiPXrKVdEXOrGhXAy%2FCDwoawDS2eb2V7Dma1XGf9zcTKEfmQIwPAJMcAe%2BOdMWpK64gmt87nhZ4mOvKoMgdpjgChkdl894gzXuJPO2kSQUeBqAITQS0n0%2Fns7Y8ZAEnCcKYOcdMJkqgcZJrTjSkbJKZpD3wHzvg2xIb8jWUgmEQQfWVonKyBlkUV7JwssWeg3DHvkqzpFM4BnNZEkTK6U1q6VuyZiToitIqqaSnoIbGYzqDCsA6ndL5XyIpdG5PvLIXSWZ6Zoc8gAZrnNcj9luVEU4QL4dJa4kRHlaSyCXVAvIMiCTwtMmKmApWSWNTF9ywCd5C9t5JmSTJOmuCIx5iCbZUtaKAm5t2%2Bm4TtVyBPM8FpbaEMNoE2kWnSP%2FBFBzREd1IGTBBUF93hX1WMVU4aGmdMAsatNbqEW9hr3G4jDT6pyIsrtDuUA0BR%2FK6EzKFuZOyBzyTT1jtBdqoAoSYiInvkP9K8NzpakhwHVsDKhPAh8IqbYF1zvMxBDBdix3bXMifqjqjH28zmPcF1LzPgIfVU16KGzTJJY4lDBkANsovCElPZQ9CrJAicMUfEApQS2xC7Vv2%2BgP1kb%2F3qWMGa6QnBWCgKzQk1IFUWeNjTV1J6EQoUHFDhZw6AFVhqVsUYt1rfXyYaQGxf2qg81UiakTqgAJ2WxkL4ZWnOPIhkbQ%2BcAqGfAtcfOOrRQNdVTimYCkbpqxQx8bFfH6jraPUjEsRzTIYQ4a0Gt1F%2BV71ZtGM5ulNxQ9am1IzY%2FrEvpL31qY8pBOqHHVnLylSTuARQ5iRx771Bjv0OLpqyN02PGuyNERIaQlsn29u%2B%2BMgUZrd4a6knSbyRQzHFOhQLudp%2BS9jisZeyl9pwOc1HZF0iH89DPL2AePKQtU26OvCsaigmI32ZTJoFepwINjM%2BJpMUgOKmkskMC0GRd3bhXGcH0gHSvrzlmrUWrsQQ5eV%2BhpDzP2ZHoTDWmS2vJoe%2FYYl5GJFCc0N0GmEp%2FjIrEBfXTUcRQ4wr46m1RNzatWVZ2xxfwu34E8UqDTtd%2FN0uCjmRTqk%2FeHjzbI2Pjw%2B9JBP4uM7T9aI7s2i5AgYpVBPxgbrs0e1O7YA4Oq88G2e9AdN3toE7h87Iqu6YebstucTMa5x9%2FfLJpUM7eUis5WWq3tyj%2FbHQCk6y6tJjFGLAQqoqDBRIBB2ERJwCIpJcWemk2I7MbztsFSiEEhegftXSjo%2BekH7985nBEhQ90Prf6kq4bLM04NuhNyHD7wF6%2FSTeGRkyCreGdSRV%2F9SohwEYKadJLmhTv6xt1tbWxpmaD8Xk5%2BU%2FOcbBdh%2B2rZvlq2r5btq2X7atm%2BWn48bXT7atm%2BWravlu2rZftq2b5a8GpBcCAM88qfyO58On%2B8O5s24IEGBOmOTGkvJz%2BveBdq6%2FwbDY942vwZf6wT02w6lcr7Tv5KBhW0vPjjEd3E66kBA0KJLkA3CDj9SFkFe67BduHLJZpvI99r187%2B
https://jenni.ai/citation?d=z%3A7VhNb9w2EDXaAumtf2GAXjdr7waJndwcp0WTwB%2BJ0%2BY8K1ISbYpUSGpt9eT%2BrJz6p9p731DaD6duey6wh8TelTjz3sybN4R%2F%2B7z3demDqYx7pD91Pun%2B298%2F1CaS4sRRJyq8S2ycfGFsT2wCferYmtRTozl2QTfapUjsFB3j4bvx4Wun9C0t2XY6ElLQRef0RL42PEHUpjVWKyqDb6jpbDKt1XTKNQeOdQpMF97aLhnv6AQQgrf00nNQ1HhnEiC7imJieQHJi%2BBjpFRrKpB8Sh%2FwmzCg2DKe5yxvAIDmB7PnlDy9Yddx6PF5%2FixjD7q0ugAR6xE56dDc44oyKHMvWdDRKFA3bCekVVdkLPIB6MvSFGRcCfau0GqSU7Q6GOrCgh1xQO3Il7kqG7hScOMK2ykUbWRHVi%2B1HcsfdOGDGgmVZqm3y2H9gCG%2BoPc44zqN0oFOT5e1WfKVcVxxmNAlL00KZsGGLuoOZRcQ9LNDuBBBdkJvOSD0e89A%2FpbB54peoRp4IjwuOFzTZQoaaD%2FyNeMb07TgdlIDfH3Dako%2FcFGvGRTcJghFaluwzXVt190tpOUFCm5iMkXcqhoterKSsItQzqqqqPkAUp5Af8F3aA3oI4gBMaMjnlnrb7JEWkBAThEcIwUS3pgEnFti%2Bcl34d%2BkfaODJr%2BQMVgpVg6ft9odv6PWcoK%2BIRfg4aoKuuKE9yCyoWfDDEzp4nQ%2BfTrBj9nBhM7O5wODy%2FO5iKtAprBSM9KhTkWHyAgEoQyBAGql5XqA7BdRh%2BVwbEon5zni%2BZP%2FDij4x6B8a5quES1ixqzU7CiHJ4YcuJJqlngwlFPO5RF2dDbq%2FYGpb3SqvYL0qh7tKnPZ0Es5fJJh2X%2Ba7qnoDKiO371eeUcGj%2B51Ar2LguLk4uTlqCB2iRYYpuvWG%2FyaeGEF8U0tPZOEyC4YEU9MSIssFfckDjciG8uxKkTsFtCg0GDMFmS1BCIJu8koAkOhcxF9gwTIvIGD0EG3PgDvFAUhVoNziCJWExFbXZis5mHqETHrEUFgQvLG2gZY2C8y0rXflfBOHOC0ERxetPZBz9gWCcICBWwRZZQQmZcUZvC01XFGzfpooKnjPCMrLaiNS0m%2B6KkNfgkbhE%2BAM0ZcDHHUyUa0W8X5UpmyNdCb0VOFwqbea7qY1mxRWx1MX7hmzg3TitSYmEUyygd0R2vP%2FuthnhAHKG6BQtgVc2UUOZ%2FGDubwSKQbfMouMtQBwQN8RkS9Pgi3lZE3ZQnpgWSGjcWZQGp8Rdo0gdDQBA3RFFraoUPo2sxzUFVeW2MRjAzVlM48VdxK1%2FN8Am4%2BBwJD4BoSXmgh1bbWiOzurXD8Gjuz6fW20cHFxbbGfk%2FWfikEx%2Fyg2Knsqm23sNBsrdmmmvRt68UkMUBRxyheiVc83uhJS%2FUzuIFUg65BwtAlB5fNWpCO6wrFHoxJpHlvNwCtLhh7QU7IIsjLU7ulCd5JQtkmI%2FaVSqbqxofrz3vf1byIEFqRdlea3ZVmd6XZXWl2V5rdlWZ3pdldaf5%2FVxrLBaoftXqFoJUs%2BMcHs2a8x%2Bjw2pUef8ipuINJhXhnsbuwOn7EP6zWg%2BnBTCeTrG5OURltdQ9LQh45j53Z4aWIPwR9pRw3Gj%2FLkhvovH7b2WvhpiusUVedYeSxNhWcTe%2BVaNCFKv8ojIqf974plDdxdjCdHT57Mt%2Fvn7WHh0fq6tcrZeLC3eH%2F6O5qj%2B3CVt9efzyczZ8%2Bnx09OZrh0Tn%2FeYUXuoHd1cju8fyogm%2BlvgWkPS2S64HNYna1etmfYEWmPbR6lKb6iEtfHL4dyN6eCkmI5cXKgP9m6nnzr0cGrr09x19c8MrkW%2BzyOyWIHhXYVbff1ym18cX%2BPshPfaj2HyjAtVxGf5FLiHd7fwE%3D

International Journal on Science and Technology (IJSAT)

E-ISSN: 2229-7677 e Website: www.ijsat.org e Email: editor@ijsat.org

=°

AQI that has consistently exceeded the Indian safe-limit benchmark of 60: the annual AQI peaked at
125.88 in 2023 and dropped to 96.69 in 2024 (Nachankar et al., 2025).

Pune's PM2.5 has been recorded in the range 3428 pg/m? and PM10 in 1-180 pg/m?® over 2015, with
peak 24-hour averages in winter followed by summer and post-monsoon (Devi et al., 2025; Karumuri &
Beig, 2018). A2012 Pune study covering January 2008 to December 2011 documented a strong correlation
between increasing vehicle counts and rising NOx, SO-, and suspended particulate matter concentrations,
with PM10 and NOx levels persistently exceeding standards (Gidde, 2012). Petrol vehicles were observed
to contribute higher ambient concentrations than diesel, an attribution factor moderated by fuel-quality

standards (Gidde, 2012).

A more recent machine-learning and Tableau-based analysis of one year of Pune Smart City Development
Corporation Limited monitoring data confirmed the dominance of six pollutants — PM2.5, PM10, NO-,
SO., CO, and Os — as jointly the determinants of AQI (Sonawane et al., 2023). A literature review of Pune
AQI studies covering 2022—-2024 confirms that rapid urbanisation, industrialisation, and auto-emigration

have compounded the air-quality challenge, with meteorological seasonality further modulating pollutant
concentrations (Mishra, 2024a, 2024b).

3.3 On-Road Transport Emissions Inventory

In a 25-city emissions inventory focusing on road transport, Pune's on-road vehicle stock was associated
with per-area pollutant and GHG emissions distinct from its absolute fleet size: per-unit area, Pune
registered 2.34 (CO:z-relevant index, 2010), 2.52, and 2.72, with a per-area tonnage distribution that places
it in the upper tier for vehicular density (Dutta & Jinsart, 2021). The city's road-transport sector has been
estimated to contribute a substantial fraction of urban CO-; the broader Indian transport sector accounts
for approximately 40 percent of energy-related NOx emissions nationally as of 2016, a load expected to
fall by 50 percent to 1.4 Mt in 2040 as BS-VI penetration matures (Oecd, 2016).

In the Pune Metropolitan Region, a logistics-specific carbon-emissions study quantified the contribution
of Heavy Commercial Vehicles and Light Commercial Vehicles across inner and outer cordons,
highlighting that goods movement rather than passenger movement is a substantial and separately
reportable component of the city's vehicular footprint (Bhagwat et al., 2023). The Pune Metro's
environmental-impact assessment based on 855 commuter responses and 2010-2025 secondary emission
records indicates that a 10 percent increase in metro ridership could reduce transport-related CO:
emissions by approximately 4-5 percent, with commensurately proportional gains in carbon-credit
potential (VA, 2026a, 2026b).

3.4 Bharat Stage Emission-Norm Trajectory

India introduced BS-I in 2000 in the megacities and progressively tightened fuel-quality and vehicular
emission norms: BS-II, BS-III, BS-IV (nationwide in 2017), and BS-VI (direct transition in 2020,
bypassing BS-V) (Singh et al., 2021; Vashist et al., 2017). The Bharat VI sulphur cap of 10 ppm (down
from 350 ppm under BS-IV) represents a structural reduction in fuel-driven sulphate PM and secondary
aerosol formation (Oecd, 2016). In simulation, BS-VI adoption is projected to constrain NOx growth from
transport, even as fleet kilometres rise from 1.5 Mb/d of oil demand to over 5 Mb/d by 2040 (Oecd, 2016).
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For Pune specifically, BS-VI migration is the principal regulatory mechanism translating fleet expansion
into a moderated per-vehicle emission trajectory.

3.5 Vehicular Noise Pollution

Although not the prime focus of the present paper, mobile-source acoustic pollution is captured in the
ESR's noise chapter. The Jain and Pawar survey of Pune commuters recorded signal-waiting times of 15—
30 minutes per day for 32 percent of commuters, exceeding 30 minutes for 6 percent — durations that
correlate with idling-related noise and emissions at junctions (Jain & Pawar, 2013). A 2007 IVE modelling

effort provided the calibrated baseline for on-road emission factors specific to Pune's traffic composition
(Barth et al., 2007).

4. Pune's Urban Carbon Sequestration Capacity

4.1 The PMC Garden Inventory and the Tree Census

The Pune Municipal Corporation maintains 66 developed gardens of area one acre and above within its
limits. Each tree in these gardens has been surveyed for Height, Girth at Breast Height, location (via GPS),
and taxonomic identity under the August 2019 geo-enabled Tree Census (Marathe et al., 2020). The
resulting dataset has been used both for biodiversity-indexing analytics and for biomass estimation
(Marathe et al., 2020). A city-wide GIS inventory by Shukla et al. identified 216 public parks within PMC,
of which most are clustered in the central wards, with a marked decline in coverage toward the expanding
periphery (Shukla et al., 2025).

4.2 Carbon Stock in PMC Gardens

Using the Ravindranath and Ostwald methodology for above-ground and below-ground biomass, and the
Walkley—Black Wet Oxidation method for soil organic carbon, Vijayalaxmi and Dnyanesh estimated
carbon stocks across the 66 PMC gardens. The total above-ground and below-ground carbon sequestered
was 7,00,507.83 tonnes, with litter and deadwood adding 24,904.05 tonnes, and soil organic carbon
contributing 1,879.905 tonnes. The aggregate is 7,27,291.785 tonnes of CO2-equivalent (Vijayalaxmi &
Dnyanesh, 2021a, 2021b). Exotic species sequestered 2,69,287.4 tonnes, while native species sequestered
80,966.55 tonnes; the value of this carbon stock, conservatively priced at US 21,818,753.55 (R
1,60,67,33,011) (Vijayalaxmi & Dnyanesh, 2021). This is the most comprehensive PMC-garden-only
carbon assessment in the published literature.

4.3 Fringe Forest Pockets and Wider Pune Carbon Sink

The 2003 Waran and Patwardhan assessment of tree flora in and around Pune measured standing biomass
and carbon-sequestration potential across fringe forest pockets and institutional green areas within Pune's
broader ecological setting, establishing that the city's carbon sink extends well beyond formal PMC
gardens, with 50 percent of standing biomass representing carbon (Waran, 2015; Warran & Patwardhan,
2003). The Kolhapur study — adjacent to Pune in the same Maharashtra biogeographic zone — recorded
a total biomass of 377.28 tonnes and a total carbon storage of 188.64 tonnes across 638 trees of 29 species
in randomly sampled green spaces, providing a benchmark for comparable Maharashtrian urban carbon
density (Vasagadekar et al., 2023).
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4.4 National and International Comparative Benchmarks

Comparative global urban-carbon data indicates that urban trees store on average 61.2 tonnes of carbon
per hectare of cover across 50 US states, while public-owned sites in Leicester reach 288.6 tonnes of stored
carbon per hectare (Gillman et al., 2023). Forest parks in Almada and natural urban forests elsewhere
reach 262.4 to 690.4 tonnes per hectare, placing Pune's PMC garden stock in the low-to-medium urban-
tree carbon-density band — implying substantial headroom for both protection and expansion (Gillman et

al., 2023).

4.5 Tree Cover Outside Forest Assessment

Das et al. developed a rapid, cost-effective remote-sensing methodology for assessing tree canopy cover
and canopy height outside forest tracts in Pune, a tool that complements PMC's ground-based census and
supports regional ecosystem-services accounting including carbon sequestration, urban-heat mitigation,
and biodiversity hotspots (Das et al., 2024).

5. Comparing the Vehicular CO: Burden with the Urban Carbon Sink

A direct quantitative comparison between Pune's on-road transport CO- emissions and the PMC garden
carbon stock is informative for the ESR framing. Pune's on-road road transport sector, when scaled from
per-area inventories, occupies the second tier of Indian metropolitan transport-emission density (Dutta &
Jinsart, 2021), while its 7,27,291.785 tonnes CO: sequestered by 66 formal gardens represent a stable
biological stock rather than an annual flux (Vijayalaxmi & Dnyanesh, 2021). Annual sequestration flux —
the more policy-relevant figure — has not been quantified in the PMC garden study, which records two-
time field measurements rather than longitudinal flux (Vijayalaxmi & Dnyanesh, 2021). This identifies a

critical ESR-relevant gap: the distinction between carbon stock and annual sequestration flux is not
standardised in Indian municipal reporting, and without annual flux, vehicular emissions cannot be
meaningfully netted against urban sinks.

Even so, a rough heuristic can be assembled. Pune's vehicle count of approximately 49,79,985 in 2017
(Patil & Khandelwal, 2023), in conjunction with the India-wide per-vehicle emission factor from 2020
frameworks (Singh et al., 2021a, 2021b), implies an annual on-road CO: emission in the multi-million-
tonne range — substantially exceeding the cumulative PMC garden sink of 7,27,291.785 tonnes even
when aggregated across decades (Vijayalaxmi & Dnyanesh, 2021). This asymmetry identifies the principle
that biological sinks alone cannot offset the vehicular emission trajectory; net mitigation requires a

structural shift in the modal share toward Metro, BRT, and non-motorised transport, with green cover
retained as a co-benefit for heat mitigation, biodiversity, and air-quality buffering rather than the principal
climate strategy (Sudmant et al., 2021; VA, 2026).

6. Regulatory and Governance Framework

6.1 The ESR Mandate

PMC's Environmental Status Report is a public-disclosure document compendium under India's
Environmental Act, 1986. Its 2026 cycle comprises ambient air quality, water quality, wastewater
management, solid waste, noise, and ecological-status chapters, and is interfaced with MPCB and CPCB
monitoring. Its findings inform municipal budgeting under the 74th Constitutional Amendment and Smart
Cities Mission deliverables (Nachankar et al., 2025).
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6.2 Pune Smart City Data Coupling

The integration of Pune Smart City office pollutants data with the ESR is already underway: the Sonawane
et al. study used PSCDCL data for predictive modelling, demonstrating the operational viability of
coupling municipal data acquisition with academic analysis (Sonawane et al., 2023). The Kulkarni dataset
harmonises Open AQI and MPCB data across five stations and supports machine-learning forecasting
(Kulkarni, 2026a, 2026b).

6.3 Transport Policy Levers

The Prabhu and Pai analysis of public-bus-led carbon mitigation in Ahmedabad and Bangalore estimated
that bus ridership growth avoids emissions at scale (Prabhu & Pai, 2012). The Sudmant et al. literature on
BRT systems substantiates that BRTs reduce CO and PM at the city level through fleet replacement and
vehicle-kilometre reduction (Sudmant et al., 2021). Pune's Rainbow BRT and Metro corridor expansion
are the principal current interventions; their evaluation under future ESR cycles would benefit from
standardised per-rider emissions-avoidance accounting (Rao et al., 2012; VA, 2026).

6.4 Bio-sequestration Within the Regulatory Frame

India's carbon-credit market participation under international frameworks and domestic voluntary markets
is currently in early-stage roll-out. The valuation evidence from Vijayalaxmi and Dnyanesh ($21.8 million
of CO: value locked in PMC gardens) demonstrates the magnitude of biological-asset value that is not yet
captured in municipal accounting (Vijayalaxmi & Dnyanesh, 2021).

7. Discussion

The vehicular-pollution trajectory in Pune is a function of three interacting drivers — fleet growth, modal
share, and per-vehicle emission intensity — each of which is independently addressed by current
regulation without integrated accounting. Fleet growth has been approximately 531 percent over 1997—
2017 (Patil & Khandelwal, 2023); modal share remains dominated by private two-wheelers and cars at
44.9 percent (Rao et al., 2012); and per-vehicle intensity has been reduced through BS-VI migration
(Oecd, 2016). The net effect on ambient PM2.5 and NOx has been a slower deterioration than would
otherwise have occurred, but a deterioration nonetheless — 2023 AQI 125.88, 2024 AQI 96.69, both above
the safe limit of 60 (Nachankar et al., 2025).

The carbon-sequestration capacity of PMC gardens and wider urban green cover, by contrast, is regulated
primarily through tree-preservation bylaws rather than through structured carbon-asset registries. The
Vijayalaxmi and Dnyanesh biomass census is the closest Pune has to a formal urban carbon inventory, but
it does not separate annual sequestration flux from total stock, nor does it account for the larger fringe-
forest pockets documented by Waran and Patwardhan (Vijayalaxmi & Dnyanesh, 2021; Warran &
Patwardhan, 2003).

The substantive coupling sought by this paper is the integration, under the ESR 2026 cycle, of (i) on-road
transport CO- emissions per ward, (i1) annual sequestration flux from PMC gardens and public parks, (iii)
BS-VI fleet-composition data, and (iv) Metro and BRT ridership-based avoided emissions. Without such
coupling, vehicular pollution continues to grow as an unmeasured externality, while the urban carbon sink
remains an unmonetised co-benefit.
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8. Recommendations

1. Adopt annual flux-based carbon accounting in PMC gardens: The existing PMC garden carbon
inventory should be extended from two-point measurements to a longitudinal flux monitoring
programme, with the Walkley—Black soil-carbon sub-component receiving particular attention
given that it represents only 0.26 percent of total garden carbon (Vijayalaxmi & Dnyanesh, 2021).

2. Couple Smart City data with ESR reporting: The Pune Smart City PSCDCL pollutant dataset
should be folded into the ESR air-quality chapter with ward-level disaggregation (Kulkarni, 2026;
Sonawane et al., 2023).

3. Mandate fleet-composition disclosure as part of ESR: Per-ward registration data from the
Regional Transport Office should accompany the ESR so that the BS-VI penetration rate and the
two-wheeler share are tracked year-on-year.

4. Mandate per-rider avoided-emission accounting for Metro and BRT: The Pune Metro and
Rainbow BRT should publish avoided CO: per rider-km, consistent with the framework
demonstrated by Chothe et al. (VA, 2026a, 2026b).

5. Recognise the PMC garden carbon stock as a credit-eligible biological asset: The X
1,60,67,33,011 value locked in PMC gardens (Vijayalaxmi & Dnyanesh, 2021) should be
incorporated into Pune's voluntary carbon-market pipeline.

6. Expand GIS-mapped public park coverage to peri-urban wards: Shukla et al. demonstrate that
park coverage is clustered centrally; expansion toward the periphery should be a stated ESR target
(Shukla et al., 2025).

7. Expand the IVE-model baseline: The 2007 IVE-model calibration in Pune (Barth et al., 2007)
should be refreshed for BS-VI and electric two-wheeler penetration conditions.

9. Conclusion

Pune's vehicular pollution burden is a tractable but persistently worsening externality that responds to fleet
composition, modal share, and per-vehicle emission intensity. Pune's biological carbon sink, anchored by
66 PMC gardens holding 7,27,291.785 tonnes of CO:-equivalent (Vijayalaxmi & Dnyanesh, 2021) and
216 public parks dispersed across 15 wards (Shukla et al., 2025), is structurally significant but currently
unintegrated with the transport-emissions reporting cycle. The PMC ESR 2026 framework offers an
institutional vehicle for reuniting these two strands of evidence. The fundamental asymmetry — annual

vehicular emissions in the multi-million-tonne range against cumulative biological sequestration in the
seven-hundred-thousand-tonne range — is not a reason to abandon urban carbon sinks but a reason to
grow them, integrate them, and value them, while doing the harder work of displacing private two-
wheelers with mass transit, walking, and cycling.
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