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Abstract

The present study is aimed to investigate the variation in solar radiance, surface ozone, temperature, relative humidity and wind veloc-
ity during the most recent and one of the most significant annular solar eclipses of 21st June 2020. Effects of solar eclipse have been
analyzed first time at eight different cities of India located nearly perpendicular to the eclipse axis having an eclipse magnitude from
98.6 % to 77.2 %. Significant reductions in solar irradiance at different stations were found during the maximum phase of the solar eclipse
due to the occultation of the Sun by the Moon. With the progression of the solar eclipse, surface ozone concentrations were also found to
be decreasing and reached to its minimum value during the maximum phase of eclipse and then after the end of the eclipse started regain-
ing their original behavior. Overall, the change in ozone was found to be proportional to eclipse magnitude. A decrease of ozone levels
ranged from 30 % to 65 % over all the stations. In addition to the above, atmospheric cooling from the solar eclipse of 21st June 2020
induced dynamical changes to the meteorological parameters (temperature, relative humidity and wind speed) with the change being
most prominent during the maximum phase of the solar eclipse.
� 2021 COSPAR. Published by Elsevier B.V. All rights reserved.
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1. Introduction

The phenomena like solar eclipse have always been very
interesting to different researchers to assess their impact on
our surroundings (Gogosheva et al., 2002; Tzanis, 2005;
Varotsos, 2002, 2004, 2005; Tzanis et al., 2008; Peñaloza-
Murillo and Pasachoff, 2018). It is found that in a total
solar eclipse event the value of solar irradiance decreases
to zero whereas in a partial solar eclipse it does not
decrease to zero (Aplin et al., 2016). Although a solar
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eclipse is primarily of astronomical interest, meteorological
changes also result from the abrupt change in isolation,
causing cooling in the atmospheric surface layers (Aplin
and Harrison, 2003). In many studies, transient changes
in meteorological parameters (temperature, relative humid-
ity and wind velocity) solar radiance and surface ozone
have been reported (Eliot, 1990; Zerefos et al., 2007;
Tzanis et al., 2008; Hanna, 2000, 2016, 2018;
Subrahmanyam et al., 2013; Dolas et al., 2002). During
the partial phases of solar eclipse relatively gradual change
in the value of different meteorological parameters is
observed but at the time of totality, the changes are quite
rapid. Many researchers have reported the effect of the
solar eclipse on earth’s environment viz. variation in ozone,
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wind speed, relative humidity and short time disturbance in
Solar irradiance and in consequence thermal balance of the
atmosphere (Srivastava et al., 1982; Fernandez et al., 1993;
Zerefos et al., 2001; Tzanis, 2005; Kolev et al., 2005;
Gerasopoulos et al., 2008; Chakrabarty et al., 1997;
Niranjan et al., 1997; Girach et al., 2012; Dutta, et al.,
1999; Naja and Lal, 1997). Eliot (1990) reported the obser-
vations of air temperature, barometric pressure, relative
humidity, cloud and rainfall at all one hundred and fifty-
four meteorological stations in India and solar radiation
observations at six stations during the solar eclipse of Jan-
uary 22, 1898. He further reported that the air temperature
diminished in proportion to the obscuration and the max-
imum reduction of temperature was 12 �C at Karwar and
there was a steady increase of pressure proceeding at a
nearly uniform rate during the eclipse. Chakrabarty et al.
(1997) reported a sharp decrease in the ozone column from
its normal value 15 min before the maximum obscuration
of the Sun, followed by a sharp rise 10 min after the max-
imum obscuration during the solar eclipse of October 24,
1995 over Ahmedabad. A substantial decrease in ozone
concentration is reported by Zerefos et al. (2001) at Thes-
saloniki, Greece during the solar eclipse event of 11 August
1999. Atmospheric ozone production is a photochemical
phenomenon, ozone decreases because of lack of solar irra-
diation (during the eclipse event) in the UV range (Jain
et al., 2020). Decrease in temperature during solar eclipse
also causes reduction in ozone formation in the lower
atmosphere (Zerefos et al., 2007; Reid et al., 1994;
Chimonas and Hines, 1971). Tzanis et al. (2008) reported
a reduction of solar irradiance up to 97% over Greece,
Athens. They further reported an increase in relative
humidity as well as decrease in wind velocity. Several other
workers have also reported changes in different meteoro-
logical parameters during the solar eclipse period (e.g.
Fernandez et al., 1993, 1996; Anderson, 1999; Aplin and
Harrison, 2003; Krishnan et al., 2004). Krishnan et al.
(2004) reported a decrease of 0.5 �C in temperature and
decrease in wind speed also, while the variation in relative
humidity was reported within the natural variability of the
day during a total solar eclipse effect of August 11, 1999
over Ahmadabad, India.

Despite various studies of the solar eclipse effect on solar
irradiance, surface ozone and meteorological parameters at
individual places, a complete study of all the above param-
eters simultaneous at different places having different mag-
nitudes of a solar eclipse is lacking. To complete this gap,
the present study has been initiated during the most recent
annular solar eclipse of 21st June 2020 at eight different
cities of India having different eclipse magnitudes.

The recent solar eclipse of 21st June 2020 provided us a
unique opportunity to study changes in solar radiance, sur-
face ozone and different meteorological parameters at dif-
ferent places in India. The annular solar eclipse was seen
in the Indian states of Uttarakhand, Rajasthan and Har-
yana in the morning hours whereas partial solar eclipses
were seen in the different other parts of the country. The
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eclipse magnitude ranged from 77.2% to 98.6% at different
stations included in the present study. In the present work,
we have selected different cities from the northern part of
the country viz. Kurukshetra and Sirsa from Haryana
state, Jaipur from Rajasthan, Amritsar and Jalandhar from
Punjab, Varanasi from Uttar Pradesh, Chandigarh the
union territory and Delhi the capital of India has been
taken into consideration to study the environmental effects
of the solar eclipse. An overview of variation in different
meteorological parameters (temperature, relative humidity
and wind speed) and also observed change in solar irradi-
ance and ozone concentrations have been analyzed. The
results obtained are compared with previously reported
results during the solar eclipse in different parts of the
world.

2. Observation and data

2.1. Description of the eclipse

The first solar eclipse of 2020 occurred on 21st June
forming an annular ring. This annular solar eclipse started
in Africa, crossed over to the Arabian Peninsula and then
passed to Asian countries. The path of annularity was
about 60 km wide and started from the Democratic Repub-
lic of the Congo, passing across the Central African
Republic, South Sudan, Ethiopia and Eritrea. It then
passed over Yemen, Saudi Arabia, Oman, Pakistan, India,
China and Taiwan to end in the Pacific Ocean. This annu-
lar solar eclipse started at the eastern part of the Demo-
cratic Republic of Congo at 4.48 GMT just at sunrise
and ended in the Pacific Ocean at 8.32 GMT, covering an
enormous distance of about 14000 km in just 3 h and
45 min. This eclipse is unique in a manner as it took place
on June solstice (21st June i.e. the day which brings the
longest day of the year).

The solar eclipse started at different stations of the study
with a slight difference in time and also ended with the
same difference in time (Table 1). Maximum obscuration
was observed around 12.00 o’clock at noon at all the
places. Fig. 1 presents the umbral and penumbral regions
of the annular solar eclipse of 21st June 2020 over India,
Pakistan, China and Nepal. Our different observation sites
with their magnitude are also indicated in the figure. The
observation sites were chosen such that they were located
nearly perpendicular to the eclipse axis having an eclipse
magnitude from 98.6 % to 77.2 % to provide an impact
on the investigation of the eclipse. Since this solar eclipse
occurred during monsoon season, on the day of the eclipse
some cities showed partial cloud coverage whereas some
showed comparatively clear or nearly no clouds cover.

2.2. Data and methodology

In the present study, data measured by Central Pollu-
tion Control Board (CPCB), India is used. CPCB was con-
stituted by the Government of India under the Prevention



Table 1
Details about Solar eclipse at different locations with their maximum eclipse magnitude.

Places Latitude
Longitude

Partial eclipse begins (IST) Greatest eclipse (IST) Maximum Eclipse Magnitude Partial eclipse ends (IST)

Amritsar 31.6� N, 74.8� E 10.20 11.57 91.5% 13.41
Chandigarh 30.7� N, 76.7� E 10.24 12.04 95.4% 13.48
Delhi 28.7� N, 77.1� E 10.20 12.01 93.7% 13.48
Jalandhar 31.3� N, 75.5� E 10.22 12.01 91.0% 13.44
Jaipur 26.9� N, 75.7� E 10.14 11.55 88.1% 13.44
Kurukshetra 29.9� N, 76.8� E 10.21 12.01 98.6% 13.47
Sirsa 29.5� N, 75.0� E 10.16 11.56 98.6% 13.42
Varanasi 25.3� N, 82.9� E 10.31 12.17 77.2% 14.04

Fig. 1. The umbral and penumbral regions of the annular solar eclipse of 21st June 2020 over India, Pakistan, China and Nepal. Our different observation
sites showing their eclipse magnitudes are also indicated on the map.
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and Control of Pollution Act, 1974 which is a statutory
organization. It was established to improve air quality in
the whole country by controlling air pollution. CPCB pro-
vides Respirable Suspended Particulate Matter (RSPM),
Carbon Monoxide (CO), Ozone (O3), Sulphur Dioxide
(SO2), Nitrogen Dioxide (NO2) and Suspended Particulate
Matter (SPM), solar radiance, temperature, wind speed,
wind direction and relative humidity. All the data set used
in the present study is freely available at the website of the

Central pollution control board (CPCB): https://app.

cpcbccr.com/ccr/#/caaqm-dashboard-all/caaqm-land-

ing/data. CPCB has deployed different types of instruments
fitted with sensors certified by world meteorological orga-
nization to collect data (CAAQMS Guidelines, 2019).
For the measurement of surface ozone (O3), an ambient
ozone analyzer was used which works on the principle of
UV Photometric / Chemiluminescence and gives data dig-
itally having a range of 0–500 ppb. Its lowest detectable
limit is 1.0 ppb and the noise level is ± 0.5 ppb. While
for the measurement of all the meteorological parameters
namely temperature, wind speed, wind direction, relative
humidity and Solar irradiance a crank-up telescopic 10 m
tower was erected for mounting of different meteorological
3

sensors interfaced directly with the Data Acquisition Sys-
tem after passing through a lightning protection isolation
box. An ultrasonic type of sensor is deployed for measure-
ment of wind speed which has a range of 0–60 m/s and
which can sustain wind speed up to 75 m/s. Its threshold
value is 0.5 m/s with an accuracy of ± 0.5 m/s and response
time is 10 s or better (CAAQMS Guidelines, 2019). Wind
direction is also measured using the ultrasonic type of sen-
sor which has an accuracy of ± 3�, resolution of 1� and
range of 0–359�. For measurement of temperature resis-
tance type sensor is deployed which has a range of �10 �
C to 60 �C, resolution of 0.1 �C with an accuracy of 0.2 �
C. Relative humidity is measured using a capacitive sensor
which has a range of 0–100% with an accuracy of ± 3% or
better. A silicon photodiode sensor was employed to obtain
Solar irradiance measurements having a range of 0–
1500 W/m2 with an accuracy of ± 5% (CAAQMS
Guidelines, 2019).

Eight different sites hailing from different states have
been considered where overwhelming obscuration of the
solar eclipse was seen. The location of the different obser-
vation sites in Amritsar (31.6� N, 74.8� E) and Jalandhar
(31.3� N, 75.5� E) located in northwestern Indian state

https://app.cpcbccr.com/ccr/%23/caaqm-dashboard-all/caaqm-landing/data
https://app.cpcbccr.com/ccr/%23/caaqm-dashboard-all/caaqm-landing/data
https://app.cpcbccr.com/ccr/%23/caaqm-dashboard-all/caaqm-landing/data
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Punjab; Chandigarh (30.7� N, 76.7� E), capital of Punjab
and Haryana and also a Union territory of India; Delhi
(28.7� N, 77.1� E), the capital territory of India; Jaipur
(26.9� N, 75.7� E), the capital city of Rajasthan; Sirsa
(29.5� N, 75.0� E) and Kurukshetra (29.9� N, 76.8� E)
located in Haryana state and Varanasi (25.3� N, 82.9� E),
located in the Uttar Pradesh state of India. The maximum
magnitude of solar eclipse found at Amritsar, Chandigarh,
Delhi, Jalandhar, Jaipur, Sirsa, Kurukshetra and Varanasi
is 91.5%, 95.4%, 93.7%, 91.0%, 88.1%, 98.6%, 98.6% and
77.2% respectively. Solar eclipse details at different loca-
tions used in the present study in India with their maximum
eclipse magnitudes are tabulated in Table 1.

In order to take a vivid and clear picture of the solar
eclipse phenomenon at different stages, a solar telescope
installed at the Department of Physics, Banaras Hindu
University, Varanasi, was used. This telescope has a pri-
mary lens diameter of 90 mm and a focal length of
1000 mm. The telescope uses a CCD camera of 6.1 MP
having a resolution of 3032 � 2016 with pixel size 7.8 mm
� 7.8 mm (Tripathi et al., 2020). It has a wide range of
exposure time which vary from 1 ms to 1 h. The solar tele-
scope is equipped with an intensity filter to observe solar
disk and records the images and intensity (Tripathi et al.
2020). Images of the partial solar eclipse of different mag-
nitudes photographed at Varanasi at different stages using
the telescope are shown in Fig. 2. The eclipse images are
taken at (a) 11:53:12 am with magnitude 71.1 % and obscu-
ration 11.58 (b) 10:33:22 am with magnitude 2.7 % and
obscuration 1.98 (c) 11:06:01 am with magnitude 18.4 %
Fig. 2. Images of partial solar eclipse of different magnitudes pho-
tographed at Varanasi using the telescope at different stages (a) 11:53:12
am with magnitude 71.1 % (b) 10:33:22 am with magnitude 2.7 % (c)
11:06:01 am with magnitude 18.4 % and (d) 11:20:30 am with magnitude
43.4 % and (e) 11:33:02 am with magnitude 55.1 %.
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and obscuration 5.18 (d) 11:20:30 am with magnitude
43.4 % and obscuration 8.46 (e) 11:33:02 am with magni-
tude 55.1 % and obscuration 9.81.

3. Results and discussions

3.1. Solar irradiance

Fig. 3 represents the 15 min mean of Solar irradiance
measurements at annular solar eclipse day along with aver-
age of seven days before, during and after the solar eclipse
of 21st June 2020 at different stations (Amritsar, Chandi-
garh, Delhi, Jaipur, Jalandhar, Kurukshetra and Vara-
nasi). Solar irradiance measurement for the Sirsa location
was not available. A substantial reduction in solar radiance
is evident during maximum obscuration at all places. A
similar reduction in Solar irradiance was also reported by
various workers at different locations of the world during
solar eclipse events (e.g. Sharp et al., 1971; Founda et al.
2007 and references therein). Calculated percentage change
in Solar irradiance at the time of maximum obscuration
compared to average of seven days before and solar eclipse
day is tabulated in Table 2. Maximum reduction of
902.9 W/m3 as compared to average of seven days mea-
surements in Solar irradiance was experienced in Jalandhar
where eclipse magnitude was also reported high i.e. 91.0 %.
After that Chandigarh and Kurukshetra witnessed a
decrease of approx 664.6 W/m2 and 761.5 W/m2 as com-
pared to the average of seven days. Similarly Amritsar,
Delhi, Jaipur and Varanasi recorded a percent decrease
of 116.8 W/m2, 406.8 W/m2, 573.4 W/m2, and 594.4 W/
m2 respectively in Solar irradiance as compared to the aver-
age of seven days. At the beginning of the event, Solar irra-
diance value starts decreasing and reaches its minimum
value during the solar eclipse maximum obscuration and
then it starts to increase to reach its normal behavior. Since
the solar eclipse occurred during monsoon season, on the
day of the eclipse some cities showed partial cloud coverage
due to which the Solar irradiance has some fluctuation
showing effect of clouds. The results were found to be in
agreement with previously reported studies (Tzanis et al.,
2008; 2005). Similar behavior has been reported by
Founda et al. (2007) over Thessaloniki and Kastelorizo
showing 89 % and 100 % reduced Solar irradiance respec-
tively. It is also reported that there is greater cooling during
solar eclipses when it occurs at noontime (Aplin et al.,
2016). The solar eclipse of 21st June 2020 also took place
at noontime at all the places in India causing significant
changes in solar irradiance. Girach et al. (2012) reported
a maximum decrease in direct solar irradiance occurred
with maximum obscuration over Thumba, India during
the annular eclipse of 15 January 2010. Recently,
Madhavan and Ratnam (2021) also reported maximum
decrease in global horizontal irradiance (GHI) and direct
normal irradiance (DNI) (about 62 %) and in diffuse hori-
zontal irradiance (DHI) (about 75 %) during annular solar
eclipse on 26 December 2019.



Fig. 3. The solar radiation measurements over different sites on solar eclipse day (21st June 2020) before, during and after the solar eclipse along with the
average of seven days measurements of solar radiation.

Table 2
Change in different parameters at the time of maximum obscuration compared to average of seven days and Solar Eclipse day.

Parameters/Places Amritsar Chandigarh Delhi Jalandhar Jaipur Kurukshetra Sirsa Varanasi

Solar
Radiation (W/m2)

�116.8 �664.6 �406.8 �902.9 �573.4 �761.5 ———— �594.4

Surface Ozone (mg/m3) ———— �18.0 �21.8 �11.7 �56.6 �24.8 �15.5 �55.1
Temperature (�C) �3.5 �3.9 �6.2 �3.3 �4.2 �5.1 �5.7 �9.4
Relative Humidity (%) 23.4 25.1 41.1 ———— 2.3 15.1 16.3 34.1
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3.2. Surface ozone

Fig. 4 shows the variation of surface ozone concentra-
tions at different sites before, during and after the solar
eclipse occurred on 21st June 2020 (event), together with
average of seven days observations. The surface ozone data
of Amritsar was not available at CPCB cite. The decline in
surface ozone concentrations started just after the begin-
ning of the solar eclipse at all the sites and reached its min-
imum concentration during the maximum obscuration time
5

(Kumar et al., 2011). As a consequence, decreased solar
light intensity affects the formation of ozone. Ozone beha-
viour becomes normal after a delay which is known as pho-
tochemical processing delay. The obtained behavior of
ozone may be attributed to change in photochemical pro-
cesses within the planetary boundary layer as a result of
solar irradiance attenuation during the eclipse event
(Tzanis et al., 2008). Ozone production and destruction
mechanisms are controlled by photochemistry involving
several other trace gas species in a reactive chain manner



Fig. 4. The variation of surface ozone concentrations at different sites before, during and after the solar eclipse day (21st June 2020) along with the average
of seven days.
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in the lower atmosphere (Monks, 2005). Jain et al. (2020)
have analyzed direct and indirect photochemical impacts
on Ozone during the solar eclipse over a tropical rural loca-
tion and 48 % reduction in ozone concentration was
reported. Calculated percentage change in surface ozone
at the time of maximum obscuration compared to average
of seven days before and solar eclipse day is tabulated in
Table 2. The greater value of difference of 56.6 mg/m3 (65
%) in surface ozone concentrations was observed at Jaipur.
The other observational sites viz. Chandigarh, Delhi,
Jalandhar, Sirsa, Kurukshetra, and Varanasi also wit-
nessed a significant decrease of about 18.0 mg/m3,
21.8 mg/m3, 11.7 mg/m3, 15.5 mg/m3, 24.8 mg/m3 and
55.1 mg/m3 respectively in ozone concentrations during
solar eclipse maximum. All the seven stations showed a
decrease of about (30 % to 65 %) in surface ozone concen-
tration. Zerefos et al. (2001) reported a decrease of around
10–15 ppbv in surface ozone concentration during the solar
eclipse of 11 August 1999 in Thessaloniki, Greece. A
decrease of 32.7 % in surface ozone concentrations during
the solar eclipse of 29th March 2006 at Athens and Greece
6

was reported by Tzanis et al. (2008). He further demon-
strated that the influence of the eclipse effect was mani-
fested with a certain delay and lasted almost two hours.
Naja and Lal (1997) reported a decrease in surface Ozone
concentration in the range of 18–21 % at the maximum
phase of solar eclipse of October 24, 1995 over Ahmad-
abad, India. They further reported that Ozone levels were
found to be lower even after the eclipse due to loss and
delay in ozone production. Whereas, Srivastava et al.
(1982) reported no substantial change in Ozone concentra-
tion measurements near the ground at Raichur, India dur-
ing the solar eclipse of 16 February 1980. Girach et al.
(2012) reported a decrease in surface Ozone by 12 ppb
(35 %) over Thumba, India during the annular eclipse of
15 January 2010 with the time lag of 40 min from the max-
imum phase of eclipse. They explained that the presence of
the time lag was due to the slow process of ozone destruc-
tion. Jain et al. (2020) explained that the decrease in ozone
is directly related to the fall in production rate of its precur-
sors and a shift of the photochemical stationary state
derived from the coupling reactions.



Fig. 5. The variation in temperature (�C) at our different observation sites before during and after the solar eclipse day (21st June 2020) along with the
average of seven days.
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3.3. Meteorological parameters

The meteorological parameters observed at different sta-
tions during the solar eclipse of 21st June 2020 showed that
all of them got affected by the solar eclipse as a result of the
decrease in solar irradiance. However, they do not depend
only on eclipse magnitude but are also controlled by local
factors like timing of the eclipse, surrounding environment,
synoptic situation, etc. (Gerasopoulos et al., 2008). Aplin
and Harrison (2003) reported an ‘‘eclipse wind” during
many eclipses, whereas Anderson (1999) reported wind
chill effect. Fernandez et al. (1993) also reported a decrease
in mean wind speed during the eclipse. Hanna (2018)
reported the meteorological effects of the 20 March 2015
solar eclipse over the United Kingdom showing decrease
in surface temperature and wind speed.

Figs. 5–7 depict 15 min mean variation of temperature,
relative humidity and wind speed respectively at different
stations during the solar eclipse together with the average
of seven days. In general, the temperature started decreas-
7

ing as the eclipse progressed at all the stations and contin-
ued to fall till 10–15 min later the eclipse maximum and
then starts tending to achieve its normal trend. Calculated
change in temperature at the time of maximum obscuration
compared to average of seven days before and solar eclipse
day is tabulated in Table 2. In Amritsar, the temperature
fall was observed of 3.5 �C as compared to the average
of seven days for the same period during the eclipse maxi-
mum. In Jaipur too, the temperature started increasing as
the day progressed but due to the eclipse, the temperature
was observed to be decreased despite the mid-noon due to
occultation of the Sun by the Moon which resulted in
decreased Solar irradiance reaching the earth. Jaipur wit-
nessed a 4.2 �C decline in temperature during the same per-
iod of average of seven days. In Jalandhar, the decline in
temperature was observed at 3.3 �C as compared to the
average of seven days. Similarly, Kurukshetra and Sirsa
also experienced a fall of temperature by 5.1 �C and 5.7 �
C respectively as compared to the average of seven days.
Similarly, Delhi faces a decline of 6.2 �C and Chandigarh



Fig. 6. The variation of relative humidity (%) at our different observation sites before during and after the solar eclipse day (21st June 2020) along with the
average of seven days.
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faces decline of 3.9 �C in its ambient temperature during
the maximum obscuration time as compared to the average
of seven days before eclipse. Burt (2018) in their study over
the US during the solar eclipse of 21 August 2017 observed
a decrease of 8.2 �C with a lag of 15 min from peak totality.
It was reported by Anderson (1999) that the cooling of the
atmosphere became visible when half of the Sun is covered.
He further reported that the minimum value of tempera-
ture was observed with a time lag of 5 and 20 min with
peak eclipse time. A temperature decrease of 5 �C was
recorded during the total solar eclipse of 21 June 2001 over
northern Zimbabwe that occurred near local noon
(Milford, 2001). Eaton et al. (1997) also reported a decline
of 7 �C in surface temperature during the eclipse of 10 May
1994. Tzanis et al. (2008) reported a decrease of tempera-
ture near the ground from 20.1 �C to 19.4 �C during the
eclipse event of 29 March 2006 at Patision station and after
that, it began to increase abruptly. Krishnan et al. (2004)
also reported a decrease of 0.5 �C in temperature during
a total solar eclipse effect of August 11, 1999 over Ahmad-
abad, India. Girach et al. (2012) reported a decrease in tem-
8

perature by 1.2 �C over Thumba, India during the annular
eclipse of 15 January 2010 with the time lag of 13 min from
the maximum phase of eclipse. Subrahmanyam et al. (2011)
reported a temperature reduction of ~ 2–8 �C in the tropo-
sphere and lower stratosphere with ~ 4 �C cooling around
the tropopause and ~ 6–8 �C in the lower stratosphere dur-
ing the maximum phase of eclipse using balloon based
measurements during the annular solar eclipse of 15 July
2010 over Thumba, India. Dutta et al. (1999) also reported
a temperature reduction of 9–10 �C below the tropopause
during the solar eclipse of 24 October 1995 over Hyderabad
using balloon based measurements. Appu et al. (1982)
reported a warming of 10 �C around 30 km, and a cooling
of 14 �C around 58 km making rocket measurements from
the Thumba, India during a partial solar eclipse of 16
February 1980. From balloon measurements they further
also reported a warming of 5 �C around 13 km at Thumba,
and a systemic cooling in 3–20 km height region at Hyder-
abad. Dolas et al. (2002) reported a decrease of tempera-
ture by 1–2 �C during the total solar eclipse of 11 August
1999 over Akola, India. They further reported a lag of



Fig. 7. The variation of wind speed (in m/s) at our different observation sites before during and after the solar eclipse day (21st June 2020) along with the
average of seven days.
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10 min in local minimum of temperature with respect to
totality phase. Kameda et al. (2009) reported a 6–30 min
time lag between totality and temperature minimum as
observed in our case. The time lag between maximum
obscuration of eclipse and temperature minimum may be
caused by the thermal inertia of the atmospheric surface
layer (Aplin and Harrison, 2003).

Temperature and humidity are inversely proportional,
as the ambient air water holding capacity changes with
the changes in the temperature. Calculated changes in rel-
ative humidity at all the stations at the time of maximum
obscuration compared to solar eclipse day and average of
seven days are tabulated in Table 2. The relative humidity
data of Jalandhar station is not available at CPCB cite.
Fig. 6 and Table 2 shows that the highest increase in rela-
tive humidity was observed at Kurukshetra i.e. 56 % but
this may not be solely attributed to eclipse magnitude but
surrounding environment and local conditions. Other
observational sites viz. Amritsar, Chandigarh, Delhi, Jai-
pur, Sirsa and Varanasi also showed an increase in relative
humidity by 23.4 %, 41.1 %, 2.3 % 3.5, 16.3 % and 34.1 %
respectively with a time lag of 15–30 min from peak total-
9

ity. Namboodiri et al. (2011) also reported a maximum
increase of 19 % in relative humidity during the annular
solar eclipse of 15 January 2010 over Thumba, India with
a time lag of 28 min with maximum obscuration of the
eclipse. During the eclipse event of 29 March 2006 at Pati-
sion, Tzanis et al. (2008) also reported an increase in rela-
tive humidity.

It is observed that the wind speed also decreases during
the eclipse period at all the stations as depicted in Fig. 7. It
may be recognized by the cooling and stabilization of the
boundary layer of the atmosphere (Amiridis et al., 2007).
Fernandez et al. (1996) measured a decline in wind speed
from 2.5 m s�1 to a minimum of less than 1 m s�1 during
maximum obscuration. Kolev et al. (2005) also reported
a decrease in wind speed during the solar eclipse of 11
August 1999 in Bulgaria. During the solar eclipse period,
the atmosphere stabilizes due to the gradual cooling of
the boundary layer which reduces the wind speed
(Anderson, 1999). Girach et al. (2012) reported a decrease
in wind speed by 1.2 m s�1 over Thumba, India during the
annular eclipse of 15 January 2010 with the time lag of
40 min from the maximum phase of eclipse. During a
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longer annular eclipse of 15 January 2010 that occurred at
Thumba in south India, Subrahmanyam et al. (2013)
reported significant variations in both zonal and merid-
ional winds after ~ 4 h of the maximum eclipse phase at
local noon hours. Dutta et al. (1999) reported that no
appreciable change was observed in both zonal and merid-
ional winds below the tropopause during the solar eclipse
of 24 October 1995 over Hyderabad using balloon based
measurements. All the measurements of the meteorological
parameters observed in the present study were found in
close agreement with previously reported studies
(Anderson, 1999; Founda et al., 2007; Tzanis et al., 2005;
2008). All the above-mentioned parameters regain their
original behavior after the end of the solar eclipse period.

All the above results using different measurements
simultaneously at various stations should be taken into
account for the planning of more integrated and focused
experiments in the future for upcoming solar eclipse events.
Various types of models such as radiative transfer, meteo-
rological, air quality, etc. may be planned for similar situ-
ations in the future for better study of the effects of the
solar eclipse on the environment.

4. Conclusion

The occurrence of the annular solar eclipse of 21st June
2020, one of the longest solar eclipses of the recent period
has given us an opportunity to investigate its effect on var-
ious parameters simultaneously at eight different cities of
India where overwhelming obscuration of the solar eclipse
was seen. The different stations were located nearly perpen-
dicular to the eclipse axis having an eclipse magnitude from
98.6 % to 77.2 % to provide a better impact on the investi-
gation. The measurements of Solar irradiance, surface
ozone and meteorological parameters (temperature, rela-
tive humidity, and wind speed) for all the stations were
affected mainly due to rapid solar attenuation as expected.
A maximum reduction of 902.9 W/m2 in Solar irradiance
was observed in Jalandhar during the maximum phase of
the eclipse as compared to the average of seven days mea-
surements. The surface ozone concentrations were found to
be minimum during eclipse totality and soon after that it
starts increasing and tends to achieve its normal behavior
after the end of the eclipse. A decrease of 30 % to 65 %
in surface ozone concentration was recorded for all the
seven stations. Maximum change of 65 % (56.6 mg/m3) in
surface ozone concentrations was observed at Jaipur. The
obtained behavior of ozone may be attributed to change
in photochemical processes within the planetary boundary
layer as a result of solar irradiance attenuation during the
eclipse event. In general, the temperature started decreasing
as the eclipse progressed at all the stations and continued to
fall till 10–15 min later the eclipse maximum and then starts
tending to achieve its normal trend. In addition, due to a
decrease in temperature relative humidity started increas-
ing at all the stations that may also be attributed to atmo-
spheric cooling caused by less solar irradiance reaching the
10
earth. The wind speed was also found to suppress during
the maximum solar eclipse which may be attributed to
cooling and stabilization of the atmospheric boundary
layer. However, the changes in meteorological parameters
are mainly governed by local weather conditions. All the
parameters showed a tendency to regain their normal trend
after the end of the solar eclipse.
Declaration of Competing Interest

The authors declare that they have no known competing
financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

Acknowledgment

The authors would like to express their gratitude to the
Central pollution control board (CPCB) for providing data
for different stations: https://app.cpcbccr.com/ccr/#/caaq
m-dashboard-all/caaqm-landing/data. All the data set used
in the present section is freely available at the above web
site. The work is partially supported by SERB, New Delhi
for the CRG project (File No: CRG/2019/000573) and par-
tially by the Institute of Imminence (IoE) Program
(Scheme No: 6031) of BHU, Varanasi. We are thankful
to both the reviewer’s for their valuable comments and sug-
gestions to improve the quality of the manuscript.
References

Amiridis, V., Melas, D., Balis, D.S., Papayannis, A., Founda, D.,
Katragkou, E., Giannakaki, E., Mamouri, R.E., Gerasopoulos, E.,
Zerefos, C., 2007. Aerosol lidar observations and model calculations of
the planetary boundary layer evolution over Greece, during the March
2006 total solar eclipse. Atmos. Chem. Phys. 7 (24), 6181–6189.

Anderson, J., 1999. Meteorological changes during a solar eclipse.
Weather 54 (7), 207–215.

Aplin, K.L., Harrison, R.G., 2003. Meteorological effects of the eclipse of
11 August 1999 in cloudy and clear conditions. Proc. Royal Soc.
London A. 459 (2030), 353–371. https://doi.org/10.1098/
rspa.2002.1042.

Aplin, K.L., Scott, C.J., Gray, L., 2016. Atmospheric change from solar
eclipses. Philos. Trans. Royal Soc. A 374 (2077), 24. https://doi.org/
10.1098/rsta.2015.0217.

Appu, K.S., Krishanmoorthy, B.V., Narayanan, V., Reddy, C.A.,
Sengupta, K., 1982. Thermal structure of the atmosphere-surface to
mesosphere-during the solar eclipse of 16 February 1980. Proc. Indian
Natn. Sci. Acad 48A, 506.

Burt, S., 2018. Meteorological impacts of the total solar eclipse of 21
August 2017. Weather. Mar 73(3):90-5.

CAAQMS Guidelines: Technical specifications for Continuous Ambient
Air Quality Monitoring (CAAQM) station (Real Time), July 2019
http://www.cpcb.nic.in

Chakrabarty, D.K., Shah, N.C., Pandya, K.V., 1997. Fluctuation in ozone
column over Ahmedabad during the solar eclipse of 24 October 1995.
Geophys. Res. Lett. 24 (23), 3001–3003.

Chimonas, G., Hines, C.O., 1971. Atmospheric gravity waves induced by a
solar eclipse. J. Geophys. Res. 76, 7003–7005.

Ramchandran, P.M., Ramchandran, R., Gupta, K.S., Patil, S.M., Jadhav,
P.N., 2002. Atmospheric surface-layer processes during the total solar
eclipse of 11 August 1999. Bound.-Layer Meteorol. 104 (3), 445–461.

http://refhub.elsevier.com/S0273-1177(21)00664-5/h0005
http://refhub.elsevier.com/S0273-1177(21)00664-5/h0005
http://refhub.elsevier.com/S0273-1177(21)00664-5/h0005
http://refhub.elsevier.com/S0273-1177(21)00664-5/h0005
http://refhub.elsevier.com/S0273-1177(21)00664-5/h0005
http://refhub.elsevier.com/S0273-1177(21)00664-5/h0010
http://refhub.elsevier.com/S0273-1177(21)00664-5/h0010
https://doi.org/10.1098/rspa.2002.1042
https://doi.org/10.1098/rspa.2002.1042
https://doi.org/10.1098/rsta.2015.0217
https://doi.org/10.1098/rsta.2015.0217
http://refhub.elsevier.com/S0273-1177(21)00664-5/h0025
http://refhub.elsevier.com/S0273-1177(21)00664-5/h0025
http://refhub.elsevier.com/S0273-1177(21)00664-5/h0025
http://refhub.elsevier.com/S0273-1177(21)00664-5/h0025
http://refhub.elsevier.com/S0273-1177(21)00664-5/h0040
http://refhub.elsevier.com/S0273-1177(21)00664-5/h0040
http://refhub.elsevier.com/S0273-1177(21)00664-5/h0040
http://refhub.elsevier.com/S0273-1177(21)00664-5/h0045
http://refhub.elsevier.com/S0273-1177(21)00664-5/h0045
http://refhub.elsevier.com/S0273-1177(21)00664-5/h0050
http://refhub.elsevier.com/S0273-1177(21)00664-5/h0050
http://refhub.elsevier.com/S0273-1177(21)00664-5/h0050


V. Pratap et al. Advances in Space Research xxx (xxxx) xxx
Dutta, G., Joshi, M. N., Pandarinath, N., Bapiraju, B., Srinivasan, S.,
Rao, J. V., & Basha, H. A. (1999). Wind and temperature over
Hyderabad during the solar eclipse of 24 Oct. 1995. Indian J. Radio
Space Physics, 28, 11-14, 1999.

Eaton, F.D., Hines, J.R., Hatch, W.H., Cionco, R.M., Byers, J., Garvey,
D., Miller, D.R., 1997. Solar eclipse effects observed in the planetary
boundary layer over a desert. Bound.-Lay. Meteorol. 83 (2), 331–346.

Eliot, J., 1990. Observations during the Solar Eclipse. Mon. Weather Rev.
10, 449–450.

Fernandez, W., Castro, V., and Hidalgo, H., 1993. Air temperature and
wind changes in Costa Rica during the total solar eclipse of July 11,
1991. Earth-Moon Planets. 63, 133–147.

Fernandez, W., Hidalgo, H., Coronel, G., Morales, E., 1996.
Changes in meteorological variables 15 in Coronel Oviedo,
Paraguay, during the total solar eclipse of 3 November 1994.
Earth-Moon Planets 74, 49–59.

Founda, D., Melas, D., Lykoudis, S., Lisaridis, I., Gerasopoulos, E.,
Kouvarakis, G., Petrakis, M., and Zerefos, C., 2007. The effect of the
total solar eclipse of 29 March 2006 on meteorological variables in
Greece. Atmos. Chem. Phys. Discuss. 7, 10 631–10 667.

Gerasopoulos, E., Zerefos, C.S., Tsagouri, I., Founda, D., Amiridis, V.,
Bais, A.F., Belehaki, A., Christou, N., Economou, G., Kanakidou, M.,
Karamanos, A., Petrakis, M., Zanis, P., 2008. The Total Solar Eclipse
of March 2006: an overview. Atmos. Chem. Phys. 8, 5205–5220.

Girach, I.A., Nair, P.R., David, L.M., Hegde, P., Mishra, M.K., Kumar,
G.M., Das, S.M., Ojha, N., Naja, M., 2012. The changes in near-
surface ozone and precursors at two nearby tropical sites during
annular solar eclipse of 15 January 2010. J. Geophys. Res. Atmo-
spheres 117 (D1).

Gogosheva, T.Z., Petkov, B., Kristev, D., 2002. Measurement of the UV
radiation and total ozone during the solar eclipse on 11 August 1999.
Geomagn. Aeronomy. 42, 274–278.

Hanna, E., 2018. Meteorological effects of the 20 March 2015 solar eclipse
over the United Kingdom. Weather 73 (3), 71–80.

Hanna, E., Penman, J., Jónsson, T., Bigg, G.R., Björnsson, H., Sjúrðar-
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