environmental sciences

proceedings

Proceeding Paper

Seasonal Changes in Air Pollutants and Their Relation to Veg-
Etation Over the Megacity Delhi-NCR *

Archana Rani ? and Manoj Kumar 2*

Citation: To be added by editorial

staff during production.

Academic Editor: First name Last-

name

Published: date

Copyright: © 2023 by the authors.
Submitted for possible open access
publication under the terms and con-
ditions of the Creative Commons At-
tribution (CC BY) license (https://cre-

ativecommons.org/licenses/by/4.0/).

1 Environmental Science and Biomedical Metrology Division, CSIR-National Physical Laboratory, Dr. K.S.

Krishnan Marg, New Delhi 110012, India

2 Academy of Scientific and Innovative Research (AcSIR), Ghaziabad 201002, India

* Correspondence: bhu.manoj@gmail.com; Tel.: +91-11-45608265

t Presented at the 6th International Electronic Conference on Atmospheric Sciences (ECAS 2023), 15-30 Octo-
ber 2023.

Abstract: Delhi is one of the most densely populated megacities of the world and is experiencing
deteriorating air quality due to rapid industrialization and excessive use of transportation. The lim-
ited emission control measures in Delhi have led to worsening air quality problems, which have
become a serious threat to human health and the environment. In the present study, we investigate
the long-term (2011-2021) interrelationship between air pollutants and vegetation index using sat-
ellite datasets. Air pollutant data viz. nitrogen dioxide (NOz2) and sulfur dioxide (5O:z) obtained from
NASA'’s Aura satellite called Ozone Monitoring Instrument (OMI), and the data for carbon monox-
ide (CO) and particulate matter 2.5 (PMzs) obtained from Modern-Era Retrospective analysis for
Research and Applications version 2 (MERRA-2) model. The vegetation indices i.e., Normalized
Difference Vegetation Index (NDVI) and Enhanced Vegetation Oxide (EVI) collected from the Terra
Moderate Resolution Imaging Spectroradiometer (MODIS) satellite. The analysis of both data re-
vealed higher concentrations of air pollutants in the summer months when NDVI and EVI were
minimal. Further, a higher pollution load was observed in the October-January months when NDVI
and EVI were lower. Furthermore, we also investigated the spatial patterns of PM2s and other gas-
eous pollutants (viz. CO, SO2, and NOz) and observed that they were less in the vegetated region in
comparison to the sparsely vegetated area of Delhi. The present study indicates that vegetation
could ameliorate various air pollutants; however, it needs to be validated with ground observed
data.
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1. Introduction

Urbanization is happening at a rapid pace globally, and Indian cities are no exception
to this trend. Urbanization involves the migration of populations from rural to urban ar-
eas and the expansion of towns and cities into nearby underdeveloped rural regions. This
process brings about significant changes in land use and land cover within a given area.
These changes often include the removal of vegetation and soil cover, replacing them with
concrete or asphalt surfaces. Additionally, low-rise rural areas are converted into high-
rise urban structures, leading to the substitution of agricultural activities in rural regions
with industrial and commercial activities in urban areas [1]. As land use patterns rapidly
evolve due to urbanization in developing countries, urban sprawl, as it is often referred
to, has been associated with pollution, excessive energy consumption, congested roads,
and a decline in community and environmental health [2]. The global deterioration of air
quality has become a major threat to both human health and the environment due to the
effects of urbanization, industrialization, and increased transportation usage. Rapid ur-
banization in Indian cities not only modifies the urban climate and air quality but also
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converts agricultural land and green spaces into built-up areas. Urbanization, along with
rising population densities, leads to vegetation loss, worsened air quality, and the emer-
gence of urban heat islands. Furthermore, worldwide forest destruction is exacerbated by
overexploitation and human activities.

Delhi, the capital of India, is the world’s second-most populous and also one of the
most polluted metropolitan cities. Over the past few decades, the city has witnessed rapid
expansion, both planned and unplanned, at the expense of its green cover due to urbani-
zation [3]. A combination of various factors, including vehicle and industrial emissions,
dust, and climatic conditions, has contributed to Delhi’s status as the most polluted capital
in the world. The air quality in Delhi is particularly affected during the winter months as
nearby farmers burn crop residue, and the concurrent Diwali celebration involves the use
of fireworks that further degrade the air quality. In order to safeguard human health and
protect the environment, it is crucial to urgently reduce air pollution and improve air
quality through urban greening efforts. It is widely acknowledged that vegetation plays a
key role in trapping air pollutants on leaves, mitigating urban heat islands, and seques-
tering carbon dioxide, all of which contribute to enhancing air quality. Natural vegetation,
such as shrubs and trees, plays a significant role in reducing air pollutants and improving
air quality [4]. Vegetation can be used to reduce air pollutant concentrations; however, its
application to air pollution control strategy in a mega city like Delhi has become manda-
tory to observe. Urban green spaces are invaluable resources for cities, as they not only
preserve ecological diversity but also provide a range of ecological services. These services
include regulating microclimates, reducing noise and air pollution, enhancing rainwater
infiltration, and sequestering carbon dioxide [5,6]. Thus, urban green spaces offer multiple
benefits, making them vital components of cities in efforts to protect and enhance the en-
vironment and the well-being of their inhabitants.

The elimination of air pollutants using green walls and roofs, commonly known as
urban green infrastructure (UGI), has previously been the topic of various studies [7].
However, in the context of India, various studies have been conducted, particularly either
on vegetation or air pollution, but the studies on the relationships between vegetation and
air pollution are very limited. So, the motivation behind this research is to study the rela-
tionship between vegetation and air pollution. There is a lack of research work addressing
the relationships between vegetation and air pollution over Delhi- NCR using satellite
data, therefore the main aim of this study is the assessment of variations and relations in
vegetation indices (e.g., NDVI-Normalized Difference Vegetation Index & EVI-Enhanced
Vegetation Indices) and air pollutants through satellite data. This study has the potential
to contribute knowledge that may help researchers and policymakers, to understand the
consequences of air pollutants on vegetation and further can be used to formulate air pol-
lution control policies.

2. Materials and Methods
2.1. Study Area:

The study was carried out over Delhi-NCR to evaluate satellite data for vegetation
indices and air pollutants. Delhi-National Capital Territory (NCT) is geographically situ-
ated between 28.7041° N and 77.1025° E. Geographically, the NCR spans four states —
NCT-Delhi, Uttar Pradesh, Haryana, and Rajasthan—with a total of 23 districts. It is situ-
ated between 28.4020° N and 76.8260° E [8]. With a total area of 55,038 square kilometers,
Delhi-NCR makes up roughly 1.67 percent of India’s total land area [9]. Delhi has a humid
subtropical climate with long, scorching summers and brief, foggy winters. The annual
temperature ranges from 3 degrees Celsius in the winter to 45 degrees Celsius in the sum-
mer. Between July and September, during the monsoon season, 400-600 mm of precipita-
tion falls each year [3]. The vegetation found in Delhi is thorny scrub.

2.2. Datasets:
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The monthly data of the MODIS were used for NDVI and EVI. This satellite data was 97
downloaded from the GIOVANNI online data system (https://giovanni.gsfc.nasa.gov/gio- 98
vanni/ accessed on 10 July 2023). These data were created and managed by NASA God- 99
dard Earth Science Data and Information Services Centre (GES DISC). Moreover, satellite 100
data for SO2 and NO: were obtained from the Ozone Monitoring Instrument (OMI), 101
whereas data for PM2s and CO were received from the Modern-Era Retrospective Analy- 102
sis for Research and Applications version 2 (MERRA-2 model). Based on the differential 103
in pigments’ absorption or reflection properties of near-infrared (NIR) and red (RED) 104
light, NDVI is the most commonly used indicator of vegetation cover. Rouse et al. [10] 105
suggested the use of NDVI as a proxy for vegetation and researchers frequently use it to 106
calculate leaf area index, green biomass, agricultural productivity, and patterns of vege- 107
tation cover change [11,12]. NDVI is the primary indicator of plant health and greenness 108
and its value always ranges between (-1) and (+1). Dense vegetation is indicated by rising 109
positive NDVI values, and non-vegetated surfaces like barren ground and water are indi- 110
cated by values that are close to zero or negative [12-14]. In a healthy green leaf, the inte- 111
rior mesophyll structure reflects red light, while chlorophyll and other pigments absorba 112
significant amount of near-infrared light [12,15,16]. Furthermore, an EVI was created to 113
improve vegetation monitoring by boosting the vegetation signal. It responds more read- 114
ily to the canopy structure, which includes factors like leaf area index (LAI) and canopy 115
type. EVIl is a global vegetation indicator that offers accurate geographical and temporal 116
data on vegetation on a worldwide scale [17]. 117

The satellite data from MODIS, OMI, and MERRA-2 model will be utilized to analyze 118
the spatiotemporal trend analysis of vegetation and air pollutants trend in this study. 119
MODIS is an instrument carried by the Terra and Aqua satellites and readings are taken 120
in the morning and afternoon, by the Terra and Aqua satellites, respectively. It contains 121
36 spectral bands, a resolution of 250 m to 1 km, and its average revisit period is two days 122
[18]. OMI is a 13 km x 24 km spatially resolved ultraviolet/visible backscatter spectrometer 123
that covers the entire planet in a single day [19]. OMI monitored trace gases such as for- 124
maldehyde (HCHO), ozone (Os), nitrogen dioxide (NO2), and sulfur dioxide (502). The 125
analysis of levels of carbon monoxide (CO), and PM:s is performed using the most recent 126
edition of global atmospheric reanalysis during the satellite era, known as MERRA-2. The = 127
satellite and Model data details for air pollutants and vegetation indices are given in Table ~ 128

1. 129
Table 1. Satellite/ Model data description of vegetation indices and air pollutants. 130
Vegetation indices/ Data Product Spatial Temporal
. Sensors . . .
air pollutants Information resolution  resolution
NDVI/EVI MODIS (Terra)  L3-MOD13C2 0.05 Monthly
SOz OMI L3-OMSO2e 0.25 Daily
NO:z OMI L3-OMNO2d 0.25 Daily
CO MERRA-2 M2TMNXCHM 0.5x0.625 Monthly
PMo2s MERRA-2 M2TMNXAER 0.5x0.625 Monthly
3. Result and Discussion 131
3.1. Seasonal Variations of Vegetation Indices and Different Air Pollutants 132

This study focuses on assessing the variations in vegetation indices (specifically 133
NDVI and EVI) and four air pollutants (CO, NOz, PM:2s, and SO2) in the Delhi-NCR region = 134
from January 2011 to December 2021 (Figure 1). Both NDVI and EVI exhibit similar trends 135
throughout the time period, which is expected since they are derived from the same data 136
product (Figure 1a & 1b). The highest values for NDVI and EVI are observed during the 137
monsoon season (August to September) and spring (February to March), while the lowest 138
values are found in the summer season (May to June) and post-monsoon season (October 139
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to November). CO levels are at their lowest during the summer months and peak in No- 140
vember (Figure 1c). It is interesting to note the gradual decrease in CO levels during the 141
monsoon season, which aligns with earlier research conducted by Pandey et al. (2017) [20] 142
in the Indo-Gangetic Plains. The concentration of PMzs, a prominent air pollutant, is high- 143
est during the summer months (May to June) and the post-monsoon period (November). 144
Conversely, the lowest concentration of PM2s is observed during the monsoon and spring 145
seasons (Figure 1d) [21]. In the case of the tropospheric column NO:2 (Figure le), a peak 146
was observed during the winter month (i.e., December) and its minimum value during 147
the monsoon period (August to September) [22]. On the other hand, the seasonal variation 148
of SOz, with peak levels occurring during winter (December to January) and minimum 149

levels during the monsoon months (July to September) (Figure 1f). 150
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Figure 1. Monthly mean variations of vegetation indices and different air pollutants over Delhi- 151
NCR; (Year Jan 2011 to Dec 2021); (a) NDVI (b) EVI (c) CO variations (d) Surface PM2s concentration = 152
(e) Tropospheric NO2 column (f) Tropospheric SO2 column. 153

3.2. Comparison of Vegetation Indices with Different Selected Air Pollutants 154

The mean monthly value of vegetation indices (NDVI and EVI) was compared with 155
individual air pollutants viz. SOz, NOz, PM2s, and CO (Figure 2). The datasets of eleven 156
years (i.e., January 2011- December 2021) have been used to compare trends of vegetation 157
indices and air pollutants. The study found that the concentration patterns of air pollu- 158
tants exhibit opposite trends to vegetation indices, suggesting that vegetation cover influ- 159
ences pollution levels. Specifically, CO, PMzs, NO2, and SO: are consistently higher during 160
the post-monsoon and early winter months (October to December). The winter season is 161
characterized by little rain, which inhibits vegetation development, therefore a declined 162
value of NDVI and EVI have been observed from November to January. Moreover, cold 163
air, being denser and slower, intensifies air pollution due to its increased density and 164
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reduced dispersion [12]. During the post-monsoon season, particularly in October and 165
November, the region experiences minimal vegetation cover. It has been observed that 166
NDVI and EVI values decline around October, coinciding with the autumn season when 167
trees shed their leaves. This leads to a rise in air pollutant levels as fewer pollutants are 168
absorbed through leaves [23,24]. The reduced vegetation cover during this time is a crucial 169
factor contributing to higher pollutant concentrations. 170

In contrast, during the spring season (February and March), when new leaves emerge 171
and absorb additional pollutants, NDVI and EVI values increase, resulting in a decrease 172
in air contaminants [17]. Moreover, the monsoon season (July to September) sees an in- 173
crease in NDVI and EVI values as plant foliage grows during this period [25]. Rain plays 174
a vital role in washing off air pollutants, leading to decreased pollutant concentrations. 175
On the other hand, hot weather during the summer months (April to June) corresponds 176
to low NDVI and EVI values [24], which contributes to higher pollution levels. Conse- 177

quently, NDVI and EVI exhibit an inverse relationship with air pollutants [25]. 178
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Figure 2. Mean monthly (Jan 2011 to Dec 2021) variation and comparison of different air pollutants 180
with NDVI/EVI of satellite data over Delhi- NCR (a) CO with NDVI & EVI (b) PM25 with NDVI & 181
EVI (c) NO:2 with NDVI & EVI (d) SO: variation with NDVI & EVI. 182

4. Conclusions 183

This study examines the monthly variations and comparisons between satellite data 184

of vegetation indices (NDVI and EVI) and air pollutants (CO, NOz, PM:25, and SO2). The 185
findings demonstrate that as vegetation indices increase, air pollutant levels decrease, and 186
vice versa. The values of indices decrease during the summer and winter seasons but in- 187
crease during the monsoon season. Conversely, air pollutant concentrations rise during 188
winter and summer but decrease during the monsoon season. Overall, this research sug- 189
gests that vegetation can play a crucial role in reducing various air pollutants. 190
191

Acknowledgments: The authors are grateful to the Director of CSIR-NPL for providing the infra- 192
structure and support for this study. Archana Rani (SRF) would like to acknowledge the University =~ 193
Grant Commission (UGC), Govt. of India, for providing a PhD Fellowship. Further, the authors also 194
acknowledge the MODIS scientific and data support teams and the Giovanni online data system, 195
developed and maintained by the NASA GES DISC for making the data available for vegetation 196
indices and air pollutant parameters. 197



Environ. Sci. Proc. 2023, 5, x FOR PEER REVIEW 6 of 7

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Pandey, A K,; Singh, S.; Berwal, S.; Kumar, D.; Pandey, P.; Prakash, A.; Lodhi, N.; Maithani, S.; Jain, V.K.; Kumar, K. Spatio-
temporal variations of urban heat island over Delhi. Urban Clim. 2014, 10, 119-133. https://doi.org/10.1016/j.uclim.2014.10.005.
Rani, A.; Rajlaxmi, A.; Kumar, M. Effect of Air Pollutants on the Carbon Sequestration Rate and Other Physiological Processes
in Different Vegetation Types: A Review. MAPAN. 2023, 1-13. https://doi.org/10.1007/s12647-023-00643-z.

Paul, S.; Nagendra, H. Vegetation change and fragmentation in the megacity of Delhi: Mapping 25 years of change. Appl. Geogr.
2015, 58, 153-166. https://doi.org/10.1016/j.apgeog.2015.02.001.

Currie, B.A.; Bass, B. Estimates of air pollution mitigation with green plants and green roofs using the UFORE model. Urban
Ecosyst. 2008, 11, 409—422. https://doi.org/10.1007/s11252-008-0054-y.

Snehlata; Rajlaxmi, A.; Kumar, M. Urban tree carbon density and CO: equivalent of National Zoological Park, Delhi. Environ.
Monit. Assess. 2021, 193, 1-13. https://doi.org/10.1007/s10661-021-09619-5.

Kong, F.; Yin, H; Nakagoshi, N. Using GIS and landscape metrics in the hedonic price modeling of the amenity value of urban
green space: A case study in Jinan City, China. Landsc Urban Plan. 2007, 79, 240-252. https://doi.org/10.1016/j.landur-
bplan.2006.02.013.

Abhijith, K.V.; Kumar, P.; Gallagher, J.; McNabola, A.; Baldauf, R.; Pilla, F.; Broderick, B.; Di Sabatino, S.; Pulvirenti, B. Air
pollution abatement performances of green infrastructure in the open road and built-up street canyon environments—A review.
Atmos. Environ. 2017, 162, 71-86. https://doi.org/10.1016/j.atmosenv.2017.05.014.

Hama, S.M.; Kumar, P.; Harrison, R.M.; Bloss, W.].; Khare, M.; Mishra, S.; Namdeo, A.; Sokhi, R.; Goodman, P.; Sharma, C. Four-
year assessment of ambient particulate matter and trace gases in the Delhi-NCR region of India. Sustain. Cities Soc. 2020, 54,
102003. https://doi.org/10.1016/j.scs.2019.102003.

Naikoo, M.W.; Rihan, M.; Ishtiaque, M. Analyses of land use land cover (LULC) change and built-up expansion in the suburb
of a metropolitan city: Spatio-temporal analysis of Delhi NCR using Landsat datasets. J. Urban Manag. 2020, 9, 347-59.
https://doi.org/10.1016/j.jum.2020.05.004.

Rouse, ].W., Haas, R.H., Schell, J.A. and Deering, D.W. Monitoring vegetation systems in the Great Plains with ERTS. NASA
Spec. Publ, 1974; 351(1), p.309-317.

Wang, J.; Rich, P.M.; Price, K.P. Temporal responses of NDVI to precipitation and temperature in the central Great Plains, USA.
Int. ]. Remote Sens. 2003, 24, 2345-2364. https://doi.org/10.1080/01431160210154812.

Naif, S.S.; Mahmood, D.A.; Al-Jiboori, M.H. Seasonal normalized difference vegetation index responses to air temperature and
precipitation in Baghdad. Open Agric. 2020, 5, 631-637. https://doi.org/10.1515/0pag-2020-0065.

Schnur, M.T.; Xie, H.; Wang, X. Estimating root zone soil moisture at distant sites using MODIS NDVI and EVI in a semi-arid
region of southwestern USA. Ecol. Inform. 2010, 5, 400-409. https://doi.org/10.1016/j.ecoinf.2010.05.001.

Chuai, X.W.; Huang. X.J.; Wang, W.].; Bao G. NDVI, temperature and precipitation changes and their relationships with differ-
ent vegetation types during 1998-2007 in Inner Mongolia, China. Int. ]. Climatol. 2013, 33, 1696-706.
https://doi.org/10.1002/joc.3543.

Sellers, P.J.; Berry, J.A.; Collatz; G.J.; Field; C.B; Hall F.G. Canopy reflectance, photosynthesis, and transpiration. III. A reanalysis
using improved leaf models and a new canopy integration scheme. Remote Sens. Environ. 1992, 42, 187-216.
https://doi.org/10.1016/0034-4257(92)90102-P.

Mavi, H.S,; Tupper, G.J. Agrometeorology: Principles and Application of Climate Studies in Agriculture. Food Products Press:
Binghamton, NY, USA, 2004; pp. 50-64.

Halos, S.H.; Abed, F.G. Effect of spring vegetation indices NDVI & EVI on dust storms occurrence in Iraq. In AIP conference
proceedings, 2019. https://doi.org/10.1063/1.5123116.

Justice, C. O.; Townshend, J. R. G.; Vermote, E. F.; Masuoka, E.; Wolfe, R. E.; Saleous, N.; Roy, D.P.; Morisette, J. T. An overview
of MODIS Land data processing and product status. Remote Sens. Environ. 2002, 83, 3-15. https://doi.org/10.1016/S0034-
4257(02)00084-6.

Lee, H. J.; Koutrakis, P. Daily ambient NO2 concentration predictions using satellite 0zone monitoring instrument NO2 data
and land use regression. Environ. Sci. Technol. 2014, 48, 2305-2311. https://doi.org/10.1021/es404845f.

Pandey, A. K; Mishra, A. K,; Kumar, R.; Berwal, S.; Devadas, R.; Huete, A.; Kumar, K. CO variability and its association with
household cooking fuels consumption over the Indo-Gangetic Plains. Environ. Pollut. 2017, 222, 83-93.
https://doi.org/10.1016/j.envpol.2016.12.080.

Jain, S.; Sharma, S. K.; Vijayan, N.; Mandal, T. K. Seasonal characteristics of aerosols (PM25and PMio) and their source appor-
tionment using PMF: A four-year study over Delhi, India. Environ. Pollut. 2020, 262, 114337. https://doi.org/10.1016/j.en-
vpol.2020.114337.

Tiwari, S.; Dahiya, A.; Kumar, N. Investigation into relationships among NO, NOz, NOx, Os, and CO at an urban background
site in Delhi, India. Atmos. Res. 2015, 157, 119-126. https://doi.org/10.1016/j.atmosres.2015.01.008.

Xu, X; Xia, J.; Gao, Y.; Zheng, W. Additional focus on particulate matter wash-off events from leaves is required: A review of
studies of urban plants used to reduce airborne particulate matter pollution. Urban For Urban Green. 2020, 48, 126559.
https://doi.org/10.1016/j.ufug.2019.126559.

Revadekar, J.V.; Tiwari, Y.K.; Kumar, K.R. Impact of climate variability on NDVI over the Indian region during 1981-2010. Int.
J. Remote Sens. 2012, 33, 7132-50. https://doi.org/10.1080/01431161.2012.697642.

198

199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256



Environ. Sci. Proc. 2023, 5, x FOR PEER REVIEW 7 of 7

25. Mozumder, C; Reddy, K.V.; Pratap, D. Air pollution modeling from remotely sensed data using regression techniques. J. Indian
Soc. Remote Sens. 2013, 41, 269-277. https://doi.org/10.1007/s12524-012-0235-2.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

257
258

259
260
261



