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Copernicus Atmosphere Monitoring Service (CAMS) 
data are used to evaluate the impact of the lockdown 
(24 March–3 May 2020) on the concentrations of sur-
face O3, NOx, CO, SO2, PM and BC compared to those 
measured during the same period in 2015–2019 over 
northeast India and adjoining areas. Measurements 
made at Dibrugarh complements the CAMS observa-
tions. The NOx, NO2, CO, SO2, BC and PM concentra-
tions dipped appreciably over northeast India and 
nearby countries. Similar decrement is observed in 
Dibrugarh in 2020 over their reference levels. Reduc-
tion of precursor gases triggered an increase in O3 
concentration across northeast India and adjoining 
South Asia and at Dibrugarh. The air quality over the 
region improved from moderate to satisfactory levels 
due to the lockdown. 
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Introduction 

THE pneumonia virus (later on christened COVID-19), 
that originated in the Wuhan province of China in De-
cember 2019 was declared by the WHO on 30 January 
2020 as a public health emergency of international con-
cern. It became a full scale epidemic in China by Febru-
ary–March 2020 and simultaneously in many parts of the 
world including Western Europe and North America. The 
virus spread thick and fast across all continents and  
affected millions of people. As of 8 June 2020, around 7 
million people have been infected in 216 countries and 4 
hundred thousand have lost their lives due to the pandemic. 
In India, a few cases were detected on 30 January and the 
number continued to increase as days passed by and  
became a matter of great concern. The COVID-19 virus 
spreads from human to human in close proximity, as 
aerosol droplets of different sizes. Therefore, to prevent 
the spread of the pandemic many countries banned all 
outdoor activities including travel. People were confined 

to their homes for specified periods after assessment of 
the threat perceptions at national levels. In India lock-
down was first imposed from 24 March to 14 April as 
phase I and then extended from 15 April to 3 May as 
phase II. All restrictions imposed in phase I remained in 
place for phase II thus putting the entire country to stand 
still for 40 days. Though the confinement has disadvan-
taged all sections of the society and people of all age 
groups, it also provided an opportunity to environmental-
ists and atmospheric scientists to assess the positive im-
pact of cessation of a significant amount of anthropogenic 
activities, viz. vehicular movement, closure of industries, 
biomass burning on the environment. 
 The impact of the lockdown primarily on air quality 
has been examined by a number of researchers so far. For 
example, the response of air quality due to decrease in 
Chinese economic activities during January–February 
2020 was examined1 and a strong reduction in the emis-
sion of primary air pollutants was found. Surface mea-
surements at about 800 stations showed that PM2.5 and 
NO2 decreased by ~35% and ~60% respectively, from 1 
January to 29 February 2020. Simultaneously, the mean 
O3 concentration increased by a factor of 1.5–2. The im-
pact of COVID-19 on air quality was assessed2 in Central 
China and observed that the mean concentration of PM2.5, 
PM10, SO2, CO and NO2 in three cities: Wuhan, Jingmen 
and Enshi were lowered by 30.1%, 40.5%, 33.4%, 27.9%, 
61.4% respectively, from the level in 2017–2019. Simul-
taneously, O3 increased by 11–14% between January and 
March. On the other hand, Bauwens et al.3 used column 
NO2 measured by the TROPOMI and OMI to study the 
effect of the coronavirus pandemic on NO2 level over se-
lected cities. Satellite NO2 data shows about 40% de-
crease over Chinese cities while Western Europe and US 
displayed 22–38% NO2 reduction in 2020 relative to the 
same period in 2019. However, over Iran, a region 
strongly affected by the outbreak no appreciable reduc-
tion in emission was observed. Positive impact of lock-
down on air pollution over India has also been reported4,5. 
 Earlier studies6–8 over Dibrugarh (27.4°N, 94.9°E),  
situated in the upper Brahmaputra basin of the northeast 
India have established that the aerosol and gas load peak 
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during February–March and decay thereafter in the rest of 
the pre-monsoon and monsoon seasons. Though there is 
certain annual variation in the amount of total pollutant 
concentration, the decreasing trend from winter to mon-
soon is consistent in all years. Therefore, we assess here 
the impact of the lockdown on the near surface gaseous 
and particulate matter pollutants: O3, NO2, NOx, CO, SO2, 
PM10, PM2.5, PM1 and BC over northeast India by com-
paring the CAMS near real time data obtained from 24 
March to 3 May 2020 with those obtained in the same pe-
riod of preceding years (24 March–3 May of 2015–2019), 
which is considered as the reference period. Thereby, the 
influence of the natural seasonal decreasing trend on the 
pollutant level in the lockdown period is circumvented. Sur-
face measurements of trace gases and aerosols (PM and 
BC) made at Dibrugarh are further used to complement the 
results inferred from CAMS NRT analysis.  

Study domain and data 

Study domain 

The study region (Figure 1 a and b) within the geographi-
cal boundaries of 20°N–30°N and 86°E–100°E comprises 
northeast India, Bhutan, parts of Myanmar, Bangladesh 
and parts of West Bengal. The primary focus is in north-
east India which is in the transition region between South 
and Southeast Asia. It is also the easternmost region of 
India consisting of eight states: Arunachal Pradesh, As-
sam, Manipur, Meghalaya, Mizoram, Nagaland, Tripura 
and Sikkim covering an area of 262,179 sq. km, where 
nearly 65% of the total geographical area is covered by 
forest. The altitude of the region varies from 50 m above 
mean sea level (amsl) in the lower Brahmaputra region to 
higher heights of 7000 m amsl in the eastern Himalaya. 
Rocky surface, alpine vegetation and snow-capped high 
peaks dominate the physical landscape of this region 
where 72% of the area is under hilly ecosystem. Biomass 
burning, especially as a part of shifting cultivation (Jhum-
ing), involving burning of stretches of forests and grow-
ing a number of crops is widely practiced in this region 
down south and it, along with brick kilns (coal-fired), 
open coal mining and oil and gas fields make this region 
a strong source of anthropogenic emissions. Biomass 
burning releases a huge amount of BC and trace gases, 
which peaks in the month of March–April7,9. Open coal 
mining, brick kilns, oil and gas fields contribute to carbo-
naceous aerosols and trace gases. Large vegetation in the 
North-Eastern region is a good source of volatile organic 
compounds (VOCs) along with biological aerosols10. The 
region is also rich in soil organic carbon. Earlier stu-
dies11–15 have shown how transportation from IGP, main-
land and western India and western Asia intensifies the 
aerosol loading in the region, particularly during the pre-
monsoon (MAM) season. The eastern IGP, encompassing 
West Bengal and parts of Bangladesh are highly popu-

lated and anthropogenic activities dominate emission of 
pollutant gases and aerosols. Bhutan is topographically 
and anthropogenically akin to the NE states of Sikkim 
and Arunachal Pradesh. North-East Myanmar is sparsely 
populated and biogenic activities predominate. In this 
study, parts of eastern IGP (West Bengal and Bangla-
desh) in the west and Myanmar in the east have been  
included as they exert significant influence upon the  
pollutant load of north-east India13. 

Data source: Copernicus atmosphere monitoring 
service  

The Copernicus atmosphere monitoring service (CAMS) 
global real time production system provides daily near-
real-time (NRT) analyses and forecasts of global atmos-
pheric composition (aerosols, reactive and greenhouse 
gases, stratospheric ozone and related species, and UV 
radiation). Here satellite observations are combined using 
the four-dimensional variational (4D-VAR) data assimila-
tion technique with chemistry-aerosol modelling to obtain 
the mass mixing ratios of atmospheric trace gases and 
aerosols16. The analyses are available at 6-hourly (00, 06, 
12, 18 UT) intervals at different spatial resolutions. 
CAMS system is based on the Integrated Forecasting Sys-
tem (IFS) of the European Centre for Medium-Range 
Weather Forecasts (ECMWF), which was extended to 
provide daily forecasts, and reanalyses of atmospheric 
composition, by combining ground-based and satellite 
observations of atmospheric composition with state-of-
the-art atmospheric modelling. CAMS data are evaluated 
against Global Atmosphere Watch (GAW) Surface Ob-
servations and the NOAA Earth System Research La-
boratory (ESRL) for ground-based O3 concentrations, 
which shows biases of ~24% over the USA and tropical 
stations. In case of NO2, the SCIAMACHY/Envisat and 
GOME-2/MetOp-A NO2 data are well reproduced by the 
NRT model runs, indicating that emission patterns and 
NOx photochemistry are represented well. All model  
runs underestimate CO surface concentrations with mean 
biases with respect to GAW up to –15%. The details of 
the data are available at http://www.copernicus. 
atmosphere.eu/validation. 
 In the present study, we have used CAMS air pollutants 
(O3, NOx, NO2, CO, SO2 and BC) datasets at a horizontal 
resolution of 0.125° × 0.125° during 24 March–3 May of 
the years 2015–2020 at 6-hourly intervals, 0 time  
steps (https://apps.ecmwf.int/datasets/data/cams-nrealtime/ 
levtype=pl/). The particulate matter (PM1, PM2.5 and 
PM10) data are available at 12 hour intervals, 0 time  
steps with a horizontal resolution of 0.125° × 0.125° 
since 2018 (https://apps.ecmwf.int/datasets/data/cams-
nrealtime/levtype=sfc/). Therefore, for these species 
2018–2020 data are used. Satellite/Model reanalysis data 
are being increasingly used by the scientific community 
for better spatial and temporal coverage17,18 or used for 
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forecasting19, despite certain uncertainties involved due 
to assumptions and algorithms used in the process. Satel-
lite or model data can be validated by ground measure-
ments. For example, Girach et al.18 used in-situ CO 
measurements in the Indian Ocean during January–
February 2018 and found good agreement with Measure-

ments of Pollution in the Troposphere (MOPITT) version 
8 retrieved data and CAMS model results. Saikia et al.16 
evaluated the performance of the Weather Research and 
Forecasting model coupled with chemistry (WRF-Chem), 
the WRF coupled with Sulfur Transport dEposition Model 
(WRF-STEM), and CAMS model for the meteorological 

 

 

Figure 1. a, Spatial distribution of gaseous pollutants over northeast and adjoining areas within the selected domain.
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Figure 1. b, Spatial distribution of particulate matter and black carbon over northeast India and adjoining areas within the selected domain.
 
 
variables and air pollutants BC, CO, SO2, O3, and NOx 
made observations at Dibrugarh and found good compa-
tibility. 

Surface measurements 

O3, NOx and CO concentrations are collected at a temporal 
resolution of 5 min in Dibrugarh using O3 (T400) and 
NOx (T200), CO (T300) Teledyne API analysers. The O3 
and CO analysers work on the principle of absorption of 
ultraviolet light at 254 nm and infrared absorption at 
4.7 nm respectively. The NOx analyser is based on the 
chemiluminescence at 630 nm produced by the oxidation 
of NO by O3 molecules. The BC data is also collected at 

5 min interval over Dibrugarh using an Aethalometer, 
that measures attenuation of a light beam at seven wave-
lengths (370, 470, 520, 590, 660, 880 and 950 nm) at a 
flow rate of 3 l/min. Observations at the 880 nm wave-
length are considered standard for BC measurement as it 
is the principal absorber of light at this wavelength,  
whereas other aerosol components have negligible  
absorption. Further details of all the instruments can be 
found elsewhere7,8,20 and references therein. The PM1 
concentration is derived from the number-size distribu-
tion of aerosols in the size range 1 nm–1 μm at 192 bins, 
obtained from a Nano-Scanning Mobility Particle Sizer 
(nano-SMPS, Model No 3938L72 TSI Inc., USA) at 
5 min time resolution. The density of aerosols considered 
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here is 2 g/cm3 which is typical for continental aerosol20. 
The SMPS measures the aerosol number size using the 
principle of ‘differential mobility analysis’ of aerosol parti-
cles. A long and reliable database of these species, with 
some gaps for operational reasons, exists which are being 
used as a reference for measurement done during the 
lockdown period. The reference period considered is 2012–
2019 for trace gases, 2015–2019 for BC and 2019 for PM1. 

Results and discussion 

Spatial distribution of pollutants 

The concentration of both gaseous pollutants and particu-
late matter is moderately high in north-east India11–15  
despite the fact that the region is comparatively less  
populated and industrial and anthropogenic activities are 
low compared to rest of India, particularly the industria-
lized west and highly populated Indo-Gangetic plains 
(IGP).  
 Figure 1 a illustrates the spatial distribution of O3, 
NOx, NO2, CO and SO2 over northeast India and adjoin-
ing areas for the period 2015–2019, 2020 and their  
biases. Spatially, O3 is high in the areas west of 92°E and 
low towards east during 2015–2019. In 2020, O3 in the 
east increased more as compared to that in the west. The 
difference in O3 concentration was higher towards east of 
92°E, which indicates that during the lockdown period 
more O3 was produced in the east, the region with more 
vegetation and lowest population density as compared to 
the west that comprises parts of the highly polluted IGP 
and Bangladesh. The distribution of nitrogen oxides illu-
strates the uneven concentration of the species both in 
2020 and during 2015–2019. In 2015–2019, NO2 is high 
(~10 ppb) in the eastern IGP and southern stretches  
of northeast India and highest (~18 ppb) in parts of Myan-
mar. NO2 concentration in other parts of the region  
remained low (<6 ppb). The spatial variation of NOx is 
similar to that of the dominant component NO2. During 
2015–2019, NOx was high in southern Assam, Mizoram 
and northeast Myanmar compared to the level in other 
areas. 
 The concentration of CO is very high in southern 
stretches of northeast India and northeast Myanmar dur-
ing 2015–2019. In 2020, no CO hotspot is observed over 
the entire region except in a small area in eastern IGP. 
The absence of NOx, NO2 and CO hotspots during 2020 
demonstrates the impact of lockdown with cessation of 
anthropogenic burning over those areas. SO2, on the other 
hand, does not vary much during the lockdown period 
from the five-year average, the bias being only up to  
–8 ppb. During both the periods, SO2 is higher in the 
eastern IGP and parts of Bangladesh. This may be attri-
buted to the SO2 emissions from the coal-based thermal 
power plants (operational during the lockdown period) 
clustered around the eastern IGP21. The spatial spread of 

SO2 in the lockdown period along with hotspots of NOx, 
NO2 and CO in the eastern IGP signifies intensification 
of emission of all the species. This may be attributed to 
emission from unattended industries due to lockdown. 
Further, the scattered small hotspots of SO2 during both 
2015–2019 and 2020 may be due to the scattered oil and 
gas fields in northeast India. 
 The impact of lockdown is also prominent from the 
spatial distribution of aerosol species: PM10, PM2.5, PM1 
and BC (Figure 1 b), with drastic reduction in 2020 from 
their level in 2018–2019. The spatial distribution of PM1 
and PM2.5 is similar across the region both during 2018– 
2019 and 2020, whereas PM10 exhibits some small  
hotspots across the region even in 2020. As expected, the 
spatial distribution of BC follows the same pattern as 
NOx, NO2 and CO during both the periods. The hotspots 
of these species over southern Assam, Mizoram and 
Myanmar are also visible for all PM species. Thus it is 
evident that, anthropogenic biomass burning, i.e. Jhuming 
was absent during lockdown in these areas, which other-
wise peaks in March–April of each year. During the 
lockdown outdoor activity was restricted and it is reason-
able to believe that in the absence of biomass burning to 
the extent it is normally practised, BC emission was  
limited to a very low level.  
 In order to quantify the impact of lockdown, i.e. cessa-
tion of anthropogenic activities on the level of pollutant 
gases and aerosols, the concentrations are spatially aver-
aged over the entire domain for both reference (2015–
2019) and the lockdown (2020) periods and are presented 
in Figure 2. It is seen that mean O3 mixing ratio increased  
 

 
Figure 2. Mean concentration for trace gases and aerosols averaged 
spatially for the whole domain during 2015–2019 and 2020. The vertic-
al lines indicate year to year variation during 2015–2019 for O3, NOx, 
NO2, CO, SO2 and BC and during 2018–2019 for PMs and day to day 
variation in 2020.
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by 38% from 70.9 ppb in reference period to 90.08 ppb in 
lockdown period (Figure 2 a). The minimum and maxi-
mum concentrations of O3 in 2015–2019 are 63.0 ppb and 
78.8 ppb whereas in 2020 it varied from 74.8 ppb to 
105.7 ppb respectively. On the other hand, the concentra-
tion of the precursor gases NO2, NOx (NO2 + NO) and 
CO decreased substantially during the lockdown. The 
NO2 concentration of 7.65 ppb in 2015–2019 reduced to 
4.3 ppb in 2020, i.e. a decrement of ~43%. The minimum 
and maximum NO2 concentrations ranged between 
0.47 ppb and 61.5 ppb in 2015–2019 and between 
0.41 ppb and 11.45 ppb in 2020. Similarly, mean NOx 
concentration of 9.7 ppb in 2015–2019 reduced to 
4.62 ppb in 2020. The decrease due to the lockdown in 
NOx is by ~52% over the reference level. The concentra-
tion of NOx ranged between 0.55 ppb and 75.7 ppb during 
2015–2019 and between 0.51 ppb and 12.8 ppb in 2020. 
The reduction in NO is rather drastic (~84%), i.e. its  
abundance becomes nearly insignificant, thus having ma-
jor implications on O3 production/loss. CO too exhibits a  
decline in concentration from 570 ppb to 285 ppb, a de-
crease of 50% over the preceding 5-year period. CO con-
centration varied largely from a minimum of 176.2 ppb to 
a maximum of 4112.16 ppb in 2015–2019 and between 
165.7 ppb and 560.4 ppb in 2020. However SO2 increased 
marginally (~17%) during the lockdown from 3.42 ppb 
(2015–2019) to 4.02 ppb (2020).  
 The PM concentration in all size ranges shrunk during 
lockdown as shown in Figure 2 b. PM1 mean concentra-
tion of 51.6 μg m–3 in 2018–2019 was reduced by 61% to 
19.9 μg m–3 in 2020. The minimum–maximum variation 
in PM1 during 2018–2019 was 12.2–193.7 and 7.99–
44.4 μg m–3 in 2020. PM2.5 concentration of 63.3 μg m–3 
decreased by ~61% to 24.9 μg m–3. PM2.5 ranged from the 
minimum value of 18.6 μg m–3 to 223.6 μg m–3 in 2018–
19 and from 10.2 μg m–3 to 54.2 μg m–3 in 2020. PM10  
also reduced by ~54% from 87.6 μg m–3 (2018–19) to 
40.3 μg m–3 (2020). PM10 concentration varied between 
25.8 μg m–3 and 309.0 μg m–3 in 2018–19 and between 
16.9 μg m–3 and 84.9 μg m–3 in 2020. A major source of 
PMs over the region is anthropogenic dust including road 
dust associated with the transport sector. Thus, the drastic 
reduction in PM levels during the lockdown period could 
be partially attributed to the absence of vehicles and 
trains. BC during the same period decreased by 76% from 
the average value of 1.87 μg m–3 in 2015–2019 to 
0.44 μg m–3 in 2020. It is, therefore, seen that among all 
the aerosol species the impact of the lockdown on BC 
was the most drastic, due to absence of biomass burning 
as discussed earlier. 

Trends in air pollutants during the lockdown period 

In addition to the inherent natural trend of the pollutants, 
the trends induced, if any, by the lockdown is studied. 

The magnitude of trend in the time series has been deter-
mined by the familiar nonparametric method. Sen’s esti-
mator and statistical significance of the trend has been 
evaluated by Mann–Kendall (MK) test22. It has been 
found (Table 1) that the pollutants CO, NOx, PM1, PM2.5 
and PM10 show statistically significant decreasing trends 
during phase I and phase II of the lockdown. BC even 
though exhibits a statistically significant decreasing trend 
in the  phase I of lockdown, during the phase II it shows 
an insignificant increasing trend. O3 exhibits decreasing 
trends during both the phases, but is statistically insigni-
ficant in phase I and significant in phase II. SO2 shows 
statistically non-significant decreasing trends in both the 
phases of lockdown. Moreover, during the whole lock-
down period (phase I + phase II), all the pollutants show 
statistically significant decreasing trends. 
 A comparison of the trends in the average values of the 
pollutants during the reference period (2015–2019 for 
BC, CO, NOx, SO2, O3 and 2018–2019 for PM1, PM2.5, 
PM10) reveals insignificant decreasing trends for BC, CO, 
NOx, O3 during 24 March–14 April and from 15 April to 
3 May. On the other hand, SO2 exhibits a decreasing 
trend during the period from 24 March to 14 April and an 
increasing trend during 15 April–3 May, however, the 
trends are statistically non-significant. The pollutants 
PM1, PM2.5, PM10 show statistically significant decreas-
ing trends during both the periods. However, for the en-
tire reference period, all the species exhibit statistically 
significant decreasing trends except O3, whose decreasing 
trend is statistically insignificant. The impact of the lock-
down on the pollutant level as it appears is not instanta-
neous rather gradual. As the pollutants are emitted to the 
atmosphere from multiple sources at different emission 
rates and multiple reactions occur between these species, 
their levels are not expected to be impacted very fast, 
which is reflected in the observed trend during the period 
of the lockdown. Further, factors like effect of meteoro-
logy have not been considered, e.g. the entire northeast 
India was under severe thunderstorm activity from 14 
April onwards for almost two weeks that impacted solar 
radiation and hence production of O3. The concentration 
of both gases and PM peaks in winter and gradually  
reduces through pre-monsoon. 

Variation of gases and aerosols over Dibrugarh 

The variations of the measured trace gases (upper panel) 
and aerosols (lower panel) over Dibrugarh are similar to 
that observed for entire northeast India (Figure 3). O3 in-
creased from 27.7 ppb in 2012–2019 to 40.1 ppb in 2020. 
Simultaneously NO2 decreased from 12.6 ppb to 7.9 ppb 
and NOx concentration came down from 16.1 ppb to 
9.5 ppb to due to lockdown. CO decreased from 
785.4 ppb to 275.2 ppb. The deviation in 2020 from the 
previous years is 45%, –41%, –37% and –65%
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Table 1. Trends in pollutants (Sen’s slope values). The italics indicate statistically significant values 

  
Trends in pollutants during lockdown period 

Trends in pollutants during the reference period  
(average of previous years) 

   

 
Pollutant 

Phase I  
(24 March–14 April) 

Phase II  
(15 April–3 May) 

During whole 
lockdown 

24 March– 
14 April 

15 April– 
3 May 

 
During whole period 

 

BC –0.022 0.020 –0.012 –0.098a –0.035a –0.056a 
CO –2.649 –4.146 –3.064 –20.050a –0.320a –8.948a 
NOx –0.061 –0.071 –0.049 –0.363a –0.162a –0.228a 
O3 –0.064 –0.520 –0.682 –0.243a –0.049a –0.091a 
SO2 –0.059 –0.040 –0.100 –0.040a 0.012a –0.031a 
PM1 –0.429 –0.499 –0.578 –3.163b –1.689b –1.616b 
PM2.5 –0.465 –0.644 –0.704 –3.640b –1.924b –1.833b 
PM10 –0.520 –1.049 –1.088 –5.154b –2.691b –2.53b 
aPeriod 2015–2019; bPeriod 2018–2019.     
 

Figure 3. Mean concentration for trace gases and aerosols measured 
over Dibrugarh during 2015–2019 and 2020. The vertical bars indicate 
year to year variation during 2015–2019, day to day variation in 2020 
for O3, NOx, NO2, CO, SO2 and BC and day to day variation for PM1.
 
 
respectively for O3, NOx and CO. The corresponding val-
ues for the entire domain are +38%, –52% –43% and  
–50% respectively. Similarly, the decrement is apprecia-
ble for PM1 (–40%) and BC (–35.6%) over Dibrugarh. 
The increment and decrement of the trace gases and aero-
sols over Dibrugarh due to lockdown are true reflection 
of their behaviour with reasonable differences in magni-
tude brought about by the spatial variation in concentra-
tion of each species.  

Why has O3 increased? 

As has been observed, the average concentration of sur-
face O3 during the lockdown is appreciably higher than 

that observed in the same period in the preceding years. 
This increase in O3 is due to the simultaneous decrease in 
NOx as a result of the absence of outdoor anthropogenic 
activities mainly vehicular movement and industries other 
than power plants. O3 and NOx are inextricably linked 
due to the chemical coupling between the two under suf-
ficiently intense solar radiation. NO2 is first dissociated 
into NO and O via the following reaction leading to pro-
duction of O3. 
 
 NO2 + hν (λ ≤ 420 nm) → NO + O,  (1) 
 
 O + O2 + M → O3 + M. (2) 
 
NO react with O3 to produce NO2 and reduce O3 

 
 NO + O3 → NO2 + O2. (3) 
 
Thus, NO again removes O3 from the atmosphere (eq. 
(3)). From chemistry climate model analysis23 and from 
surface measurements8, it was found that at low NOx con-
centration O3 production is limited by the availability of 
NOx molecule. When concentration is high, other com-
pounds limit the O3 production, i.e. HOx radicals through 
reactions with NOx. Thus, O3 and NOx are nonlinearly  
related. Bhuyan et al.8 observed that the correlation  
between average NOx and O3 over a certain local time  
period is the result of the combined effect of chemical 
reaction, transport patterns, atmospheric dispersion, etc. 
During the daytime, NOx concentration is low as it un-
dergoes photochemical reaction to produce O3, whereas at 
night in the absence of sunlight, titration reaction between 
O3 and NO leads to destruction of O3. Over Dibrugarh O3 
and the NOx are nonlinearly related when the production/ 
loss mechanisms are considered for entire 24 hours  
(Figure 4). The nonlinearity between the two is produced 
by a combination of linear negative correlation for 
NOx < 5 ppb and as O3 is reduced to low level at high 
NOx concentration no correlation exists. So, this is sug-
gestive of the O3 production process governed by NOx 
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Figure 4. Scatter plot of O3 with NO2, NOx and CO for 2015–2019 (left panels) and 2020 (right panels). The 
solid lines are the nonlinear regressions through the data points. 

 
 
saturated and VOC sensitive regime8,24. In an NOx satu-
rated regime, its concentration being high, the rate of 
OH + NO2 termination reaction increases as NOx increases 
removing both HOx and NOx from the system limiting the 
OH and OH2 cycling, thus decreasing the rate of O3 pro-
duction. Further, there may be a simultaneous decrease in 
O3 and NOx due to the reaction of NO with O3 to form 
NO2 which further reacts with NO3 radical to produce 
N2O5. It has also been observed that at Dibrugarh NO2 
and NO are strongly positively related, therefore, a sig-
nificant correlation of NOx with both NO2 and NO exists. 
This explains the observed similar spatial variation of 
NOx and NO2 in the present study. During April both in 
2015–2019 and 2020, O3 remains nearly nonvariant with 
increase in NOx.  
 The other precursor CO influences the production and 
loss of O3 depending on NO2 and NOx concentrations25. 

The sources of CO are combustion of fossil fuel, oxida-
tion of methane and anthropogenic and biogenic hydro-
carbon and biomass burning26. It acts as an intermediary 
in the oxidation cycle of hydrocarbons and methane and 
alters the oxidizing capacity of the atmosphere as it acts 
as a main sink for OH in the troposphere. High concentra-
tion of CO poses major threat to human health and can 
cause hypoxia leading to dizziness and even death. Fur-
ther, the role of CO and O3 was examined8 and a non-
linear negative relationship was found between the two. 
During the day, CO are removed from the atmosphere 
through oxidation reactions to produce O3. Thus O3 and 
CO are negatively correlated for CO mixing ratio up to 
1 ppm. The drastic reduction in CO in 2020 contributed 
to the observed increase in O3. Figure 4 shows that O3 is 
negatively correlated with the precursor gases which ex-
plains the observed increase in O3 concentration during 
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Table 2. Categorization of air quality based on AQI values as defined by the CPCB26 

Good Satisfactory Moderately polluted Poor Very poor Severe 
 

0–50 51–100 101–200 201–300 301–400 401–500 

      
 
 

 

Figure 5. Relative contribution of pollutant gases and particulate matter to the air quality index as defined by the Central Pollution Control Board 
of India for the period (a) 2015–2019 and (b) 2020. 
 
 
the lockdown as precursor concentrations reduced sub-
stantially.  

Impact of lockdown on regional air quality 

In order to examine impact of the lockdown on possible 
improvement in air quality, over the region, the Air Qua-
lity Index (AQI), as defined by the Central Pollution  
Control Board of India has been estimated for 24 March–
3 May of 2015–2019 and 2020 separately and shown in 
Figure 5. AQI for any species i is defined as 
 
 Ii = [{(IHI – ILO)/(BHI – BLO)} * (Ip – BLO)] + ILO, (4) 
 
where BHI is the breakpoint concentration greater or equal 
to given concentration; BLO the breakpoint concentration 
smaller or equal to given concentration; IHI the AQI value 
corresponding to BHI; ILO the AQI value corresponding to 
BLO; Ip is the pollutant concentration. 
 AQI is then calculated as  
 
 AQI = Max (I1, I2, I3 .... In). (5) 
 
Based on aggregate value of AQI, air quality is consi-
dered as27 good to severe (Table 2). 
 The air quality for reference period in 2015–2019 over 
northeast India and adjoining areas was moderately pol-
luted (Figure 5 a) in which the dominant pollutant PM2.5 

had 43.8% contribution. Among the gases, O3 has highest 
contribution of 16.5%. On the other hand, the air quality 
across the region improved to satisfactory level in 2020 
(Figure 5 b) in which O3 became the dominant pollutant 
with 37.7% contribution while contribution of PM2.5 and 
PM10 reduced to nearly equal levels. PM10 was the second 
highest contributor among the pollutants. The combined 
contribution of NO2 and SO was 10% during both the 
2015–2019 and 2020 period. 

Summary and conclusion 

The lockdown considerably reduced the level of O3 pre-
cursor gases and PM and BC. The positivity is somewhat 
diluted by the simultaneous increase in O3, a major pollu-
tant. The variations are ascribed to the near total absence 
of anthropogenic activities only, specially the vehicular 
movement. However, industries like thermal power 
plants, oil and gas fields were active throughout the lock-
down period. The impact of change in solar flux and  
meteorology during the 40-day period has not been con-
sidered, keeping in mind that there are less year to year 
variations in average meteorology over the region. Fur-
ther, the contribution from distant and local sources to the 
pollutant load over a selected location can be quantita-
tively estimated provided there are in situ measurements 
at the source and receptor sites15. In that paper, the export 
efficiencies of NOx, CO2, CO, BC from identified major 
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source regions IGP and BoB have been estimated on the 
basis of available emission inventory but quantification 
was not attempted due to the reason cited above. In a  
recent work, using the WRF-STEM model16 it has been 
established that the North-Eastern Indian states contribute 
to the anthropogenic CO level by 59% in all seasons 
throughout the year (in 2013) followed by China, IGP, 
BoB and rest of Indian subcontinent. The local biomass 
burning in northeast India contributes to 90% of CO dur-
ing pre-monsoon season. Thus, for this brief lockdown 
period the modelling exercise was not performed. The 
fact that forced reduction in anthropogenic activity can 
mitigate the negative effect of pollution on climate a 
great deal is to be taken in right perspective by policy 
planners and governments. 
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