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Abstract 
Background 
COVID-19 has drastically dampened human activities since early 2020. 
Studies have shown that this has resulted in changes in air 
temperature and humidity. Since lightning activities are dependent on 
air temperature and humidity, this study is conducted to evaluate the 
correlation between the intensity of lightning activities with the 
atmospheric changes, and investigates the changes, in lightning 
activities due to atmospheric changes during the COVID-19 pandemic. 
Methods 
The hypothesis was tested through a t-test and Pearson’s correlation 
study. The variation trend of lightning strikes count (LSC) in Europe 
and Oceania during the five months COVID-19 lockdown period 
(March – July) compared to the same period in the previous five years 
from 2015 to 2019 is investigated. 
Results 
Statistical analysis shows the LSC in Europe and Oceania during the 
lockdown period dropped significantly by more than 50% and 44% 
respectively compared to the same period in previous five years. 
Furthermore, LSC was found to be positively correlated with air 
temperature and relative humidity in Europe. However, in Oceania, 
LSC seems to be only positively correlated with air temperature but 
negatively correlated with relative humidity. 
Conclusions 
This study seems to suggest that lightning activities have significantly 
changed during this pandemic due to reduction in human activities.
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Introduction
Many countries have enforced lockdown since the beginning of the COVID-19 pandemic.1-3 Energy-intensive human
activities such as travelling and the hospitality sector were drastically reduced resulting in reduced emissions of
greenhouse gases.4 The global CO2 emission is estimated to drop by 8.8% (�1551 Mt) in the first half-year of 2020
compared to the same period in 2019. Moreover, almost 18% of CO2 emissions in recent years were produced from
ground transportation.5

With the exception of the preliminary findings by Jones et al.,6 the general expectation by researchers is that the trend
of temperature is expected to be reduced due to the reduction in CO2. A significant positive correlation between the
atmospheric temperature and CO2 emission is reported in.7 Furthermore, COVID-19 lockdown has causedmicro-climate
changes such as localized variations in air temperature and relative humidity.8 The pandemic is also having an effect on
NOX, causing a decline that could possibly lead to short-term cooling.9 Air humidity will also be affected as global
warming are dependent on both temperature and humidity.10 This reduction in human activities could also result in drop
in aerosol level globally. This reduction in human activities could also result in drop in aerosol level globally. The result of
lockdown has disrupted human and industrial activities around the world. The lockdown generally leads to a notable
change in carbon dioxide (CO2), temperature, and humidity. However, the reduction in human activities may reduce
greenhouse gases and may result in a drop in global temperature. The study by Singh et al. found that implementation of
lockdown reduced the percentage of temperature and may mitigate the pace of climate change in the future.8

Lightning, a natural atmospheric discharge, is affected by various environmental factors. Lightning brings about
hazards to human life and appropriate risk assessment has to be conducted for any habitable structure.11,12 Atmospheric
variables such as climate change, humidity, aerosol level, and wind motion can affect the cloud charge distribution,
electric field and threshold electromagnetic fields that give rise to air breakdown. It is predicted that lightning may strike
more frequently as a result of the ongoing climate change.13 The lightning intensity may also increase due to the high
greenhouse gases in the atmosphere. However, study by Finney et al. stated that many previous studies found a positive
correlation between lightning and temperature, and one previous study that found lightning decreases with an increase in
temperature.14 This may explain that such relationships become highly uncertain on longer timescales. When warm, wet
air rises into the cold air, thunderstorms form. As the warm air cools, moisture in the form of water vapour condenses into
water droplets, a process known as condensation. Cooled air descends through the atmosphere, warms up, and rises
again. A convection cell is a circuit of rising and descending air. A cloud will form if this happens in a small amount. A
thunderstorm can arise if this happenswith a lot of air andmoisture. The presence of high air temperature and high relative
humidity can quickly rise and cause powerful updrafts. These updrafts carried water droplets and quickly froze and
collided with ice crystals and graupel, causing the charge transfer process.

Lightning could also be triggered by aerosols released by industrial processes and transportation activities.15,16

Aerosol could affect lightning activity through modification of cloud micro-physics. Aerosol particles serve as cloud
condensation nuclei and ice nuclei, and the amount of this particles could affect the formation of cloud droplets and
ice particles. More aerosol will suppress the coalescence and making the average size of cloud droplet to be reduced
as well as inhibiting precipitation. Therefore, the process enables the water droplets to rise further to upper layers of
the clouds and may enhance the lightning processes. During the lockdown period, many industrial sectors stopped
operating. Thus, human activities have considerably reduced during the COVID-19 pandemic which may affect the
rate of lightning. Lightning ground flash density tends to increase with drier and warmer surface air.17 Furthermore,
the frequency of thunderstorms shows a major peak during summer time.19 Previous studies have also found a strong
relationship between relative humidity and lightning occurrence.19,20 Studies from Pinto Neto et al.,21 and Perez-
Invernon et al.,22 found lightning intensity decreased drastically during lockdown period compared to previous year.
This is due to the average value of aerosol which played a major role in lightning events have dropped significantly
during lockdown period. Last but not least, Chowduri et al. also concurred that the reduction in particulate matter and
aerosol concentration bears strong correlation with the reduction in lightning activity in Kolkata during the COVID-19
lockdown.23
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Hence, it is of interest to investigate the correlation between the environmental changes that happened during the period
of COVID-19 related restriction of human activities and the lightning occurrence density. This study is an attempt
to analyse this situation. This study investigates the trend of five months of lightning occurring from March to July in
2020 compared with the same period (March-July) in 2015-2019 in Europe and Oceania. The outcomes of this work
could yield interesting insights into the correlation between human activities and lightning frequency.

Methods
Overview
Lightning stroke counts (LSC) and two atmospheric factors namely air temperature and relative humidity are considered
as the variables in this study. The relationship between LSC with respect to air temperature and relative humidity will be
statistically analysed via the dependent t-test and Pearson correlational studies.

Data description
From March until July in Europe and Oceania, the total LSC from the year 2015 to 2020 were extracted from
LightningMaps.org.24 LightningMaps.org provides historical data of LSC and has been widely used in previous
studies.25,26 The distribution of LSC data is presented in Tables 1 and 2.

The air temperature and relative humidity data fromMarch until July in Europe andOceania from year 2020 are extracted
from the Physical Sciences Laboratory using Panoply Version 4.12.0.27 Europe is divided into seven sub-regions such as
North Europe, West Europe, Central Europe, East Europe, South Europe, Southeast Europe, and the British Isles. After
that, eight points (57.5°N, 10.0°E; 42.5°N, 12.5°E; 50.0°N, 25.0°E; 50.0°N, 5.0°E; 50.0°N, 10.0°E; 50.0°N, 20.0°E;
52.5°N, 0.0°; 42.5°N, 22.5°E) of around the sub-regions of Europe were selected in this study. For the Oceania region,
five points (�12.5°N, 132.5°E;�37.5°N, 142.5°E;�27.5°N, 152.5°E;�30.0°N, 115.0°E;�27.5°N, 135.0°E) covering
the North, South, East and West of Australia; Three points (�37.5°N, 175°E; �45.0°N, 167.5°E; �42.5°N, 170.0°E)
covering the North, South and Centre of New Zealand; one point (�10.0°N, 147.5°E) from Papua were considered.
Tables 3 and 4 show the average value of air temperature and relative humidity in Europe and Oceania in year 2020.

Statistical approach
A dependent t-test is was conducted using Microsoft Excel 2016 (Microsoft Excel, RRID:SCR_016137) to determine
whether there is a statistically significant difference between the LSC during the lockdown period in the year 2020 and the
LSC in the same period (March-July) in year 2015 until 2019. The LSC is measured from a single population (Europe or
Oceania) and two different timelines (before and during). Period A represents the lightning activities before lockdown

Table 1. LSC in Europe (2015-2020).

Month Day Year

2015 2016 2017 2018 2019 2020

March 1-10 35941 94976 85347 80813 11992 3 88282

11-20 92900 98426 17198 127512 112124 69633

21-31 241800 57226 70447 122112 124324 130382

April 1-10 135720 147551 319021 342496 461290 67008

11-20 127720 303901 137021 369496 358290 271908

21-30 388220 112051 42021 1030496 739790 299408

May 1-10 695659 337627 475664 1365371 497596 426035

11-20 982159 572627 1097164 1248870 1101096 432035

21-31 827659 1956427 1807664 2232870 949296 481535

June 1-10 1999717 1774966 1753743 3413850 1808843 858421

11-20 2140519 1423466 1058744 2299751 2531043 1080921

21-30 636219 2987966 3270243 1907351 1555843 942421

July 1-10 2506871 1308306 2164302 2129821 2278580 1056066

11-20 1271672 2028806 2014302 2183320 1589581 663066

21-31 1610671 3076806 3005001 2908220 2051581 1207066
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period i.e. March to July in year 2015 to 2019. Period B represents the lightning activities during the lockdown i.e. March
to July in the year 2020.

The t-test is conducted by comparing the data from Period B and Period A. The null hypothesis, H0 and the alternative
hypothesis, Ha is defined as below:

H0: There is no significant difference in lightning frequency in between Period A and Period B.

Ha: There is a significant difference in lightning frequency in between Period A and Period B.

Table 2. LSC in Oceania (2015-2020).

Month Day Year

2015 2016 2017 2018 2019 2020

March 1-10 53851 114529 143439 160457 304771 107194

11-20 104251 138479 255589 98857 497771 99195

21-31 119252 78379 166239 177507 393771 183794

April 1-10 175097 49857 95565 162905 204339 156121

11-20 147197 50706 77865 252705 120840 139171

21-30 167797 56506 94165 127106 171840 98270

May 1-10 85097 49651 91015 94666 149871 122090

11-20 35348 66301 92465 125166 159671 88940

21-31 21098 64000 191704 139816 233271 54040

June 1-10 17875 16396 116735 57739 141588 96783

11-20 14075 20386 82686 93488 92288 60583

21-30 12475 52596 45036 114838 72338 73683

July 1-10 17891 32009 59424 104417 60083 134932

11-20 69291 51699 92524 98017 90032 89333

21-31 42891 40409 147474 135016 147382 82382

Table 3. Air temperature and relative humidity in 2020 (Europe).

Month Day Average air
temperature (°C)

Average relative
humidity (%)

March 1-10 7.36 77.96

11-20 8.77 73.63

21-31 10.20 69.12

April 1-10 11.39 67.81

11-20 12.22 69.38

21-30 13.04 71.16

May 1-10 14.28 73.47

11-20 15.33 76.71

21-31 17.57 80.11

June 1-10 18.69 80.59

11-20 18.99 78.23

21-30 19.56 75.71

July 1-10 20.09 74.82

11-20 20.66 75.25

21-31 21.23 75.75
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The confidence level of 95% at a significant level, α¼ 0:05 is used. This approach tests the hypothesis and calculates the
probability of determining whether there is evidence to reject the null hypothesis. When the P value < 0.05, the null
hypothesis is rejected, and vice versa.

Next, the Pearson correlation coefficient is used to evaluate the correlation between the frequency of lightning activities
with the atmospheric changes. The Pearson’s correlation coefficient, r, is computed to measure the strength of the
relationship between total lightning strikes, air temperature, and relative humidity in Period B.

Furthermore, the correlation between the variables was analysed using regression and correlation analyses. The
significant level, P value can be obtained from the regression data analysis. The null hypothesis, H0 and the alternative
hypothesis, Ha is defined as below:

Null hypothesis, H0: P = 0, There is no significant relationship between lightning strikes with air temperature or
relative humidity.

Alternative hypothesis, HA: P 6¼ 0, There is a significant relationship between lightning strikeswith air temperature
or relative humidity

By using the P-valuemethod (α¼ 0:05), the decision on rejection or acceptance of the null hypothesis can bemade. There
is sufficient evidence to conclude that there is a significant correlation between lightning strikes and air temperature or
relative humidity as the correlation coefficient is significantly different from zero. Exact P values and the mean value of
lightning strikes from May to July are provided in Table 5.

Results and discussion
Europe
Figure 1 shows the LSC has dropped significantly in the year 2020 when the lockdown started. The dependent t-test
shows a statistically significant (P-value <0.05) difference between 2020 and each previous year as shown in Table 5.
Notably, LSC in Europe during the five-month lockdown period were reduced by more than 50% compared to the same
period in the year 2019, 2018, and 2017.

Figure 2 illustrates the variation of LSC against air temperature levels in Europe. Figure 3. illustrates the relationship
between LSC and relative humidity in Europe. Table 6 shows that the correlation of lightning strikes with air temperature
and relative humidity in Europe are statistically significant. The Pearson correlation between lightning strikes and air

Table 4. Air temperature and relative humidity in 2020 (Oceania).

Month Day Average air
temperature (°C)

Average relative
humidity (%)

March 1-10 21.18 72.82

11-20 20.65 73.04

21-31 20.13 73.34

April 1-10 19.38 73.81

11-20 18.37 74.33

21-30 17.38 74.74

May 1-10 16.67 75.27

11-20 16.33 75.86

21-31 16.01 76.46

June 1-10 15.69 76.58

11-20 15.34 76.17

21-30 15.01 75.79

July 1-10 14.98 75.22

11-20 15.32 74.53

21-31 15.65 73.82
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temperature is 0.92, indicating a strong positive relationship between the variables. Pearson correlation between LSC and
relative humidity is 0.52, indicating amoderate positive relationship between the variables. Higher relative humiditymay
enhance the upward updraft and easing the particle collision in the cloud. On the other hand, lower relative humidity may
lead to weaker updraft and decreased the chance of lightning occurrence. The positive correlation between lightning
strikes with air temperature and relative humidity in Europe concurs with the findings of.17,19,20,28,29

Figure 1. LSC in Europe from March-July in year 2015–2020.

Table 5. t-test results comparing lightning strikes in 2020 with previous years in Europe.

Comparison of lightning strikes in 2020 and 2019

Year Mean P-value Decision

2020 538279 <.001 Reject H0

2019 1085280

Comparison of lightning strikes in 2020 and 2018

Year Mean P-value Decision

2020 538279 <.001 Reject H0

2018 1450823

Comparison of lightning strikes in 2020 and 2017

Year Mean P-value Decision

2020 538279 .011 Reject H0

2017 1154525

Comparison of lightning strikes in 2020 and 2016

Year Mean P-value Decision

2020 538279 .016 Reject H0

2016 1085409

Comparison of lightning strikes in 2020 and 2015

Year Mean P-value Decision

2020 538279 .013 Reject H0

2015 912896
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Figure 2. LSC vs air temperature over Europe during March to July 2020.

Figure 3. LSC vs relative humidity over Europe during March to July 2020.

Table 6. Correlation strength of lightning strikes with air temperature and relative humidity in Europe.

Correlation coefficient, R P-value Correlation strength

Air temperature 0.92 <.001 Very high

Relative humidity 0.52 .047 Moderate

Page 8 of 23

F1000Research 2021, 10:906 Last updated: 03 NOV 2021



Oceania
There was a 44% drop in LSC from 2019 to 2020 as shown in Figure 4. Table 7 shows there is statistically significant
difference between the year 2020 with all previous years except 2017. Figure 5 and Table 8 indicates a moderate positive
correlation between LSC and air temperature in Oceania during the lockdown period. Unlike Europe, Figure 6 and
Table 8 shows that the relationship between LSC and relative humidity in Oceania is negatively correlated. The positive
correlation of LSC and air temperature is consistent with previous studies.28,29 The negative correlation of LSC and
relative humidity in Oceania obtained in this study contradicted the study of Shi et al.20

Figure 4. LSC in Oceania from March-July in year 2015–2020.

Table 7. t-test results comparing lightning strikes in 2020 with previous years in Oceania.

Comparison of lightning strikes in 2020 and 2019

Year Mean P-value Decision

2020 105767 .016 Reject H0

2019 189324

Comparison of lightning strikes in 2020 and 2018

Year Mean P-value Decision

2020 105767 .050 Reject H0

2018 129513

Comparison of lightning strikes in 2020 and 2017

Year Mean P-value Decision

2020 105767 .536 Do Not Reject H0

2017 116795

Comparison of lightning strikes in 2020 and 2016

Year Mean P-value Decision

2020 105767 .001 Reject H0

2016 58794

Comparison of lightning strikes in 2020 and 2015

Year Mean P-value Decision

2020 105767 .012 Reject H0

2015 72232
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Figure 5. LSC vs air temperature over Oceania during March to July 2020.

Table 8. Correlation strength of lightning strikes with air temperature and relative humidity in Oceania.

Correlation coefficient, R P-value Correlation strength

Air temperature 0.55 .034 Moderate

Relative humidity �0.54 .037 Moderate

Figure 6. LSC vs relative humidity over Oceania during March to July 2020.
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Conclusions
In conclusion, there was a drastic drop in LSC in Europe and Oceania during the first lockdown period in 2020. A
dependent t-test confirmed that a statistically significant difference in LSC between Period A and Period B. There is a
positive relationship between LSC and air temperature in Europe (r = 0.92) andOceania (r = 0.55). Furthermore, there is a
positive relationship between LSC and relative humidity in Europe (r = 0.52) but a negative relationship betweenLSC and
relative humidity in Oceania (r = �0.54).

The difference in correlation findings between lightning and relative humidity in Europe and Oceania remains
unexplained. Higher relative humidity will lead to stronger updraft and increased lightning occurrence. However, too
much vapor may weaken the updraft by blocking the vapor to rise up to complete the phase transformation.

The differences in correlation between lightning, air temperature, and relative humidity in Europe and Oceania may also
be due to other possible factors such as aerosol level, wind motions, and particulate matter. Future work should be
replicated in other geographical regions such as America and Asia.
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This is an interesting study on the lightning activities during the covid-19 pandemic periods. This 
article also relates lightning to air temperature and humidity. However, there are some parts of 
the article that can be further justified in order to improve the paper quality. Some suggestions 
have been made here:

What is the definition of the mean value shown in table 5? 
 

1. 

Perhaps the authors can further explain the relationship between temperature and LSC. 
Why does low temperature mean less LSC etc? 
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Perhaps the authors can further explain the relationship between humidity and LSC. Why 
does low temperature mean less LSC etc? 
 

3. 

A suggestion for the authors to discuss the relationship between months and lightning 
events/LSC, whether the lockdown or economic slow down affects the lightning occurrence. 
The authors may provide reasons to justify it as well.
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Are all the source data underlying the results available to ensure full reproducibility?
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Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Lightning

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard.
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Comment: 
This is an interesting study on the lightning activities during the covid-19 pandemic periods. 
This article also relates lightning to air temperature and humidity. However, there are some 
parts of the article that can be further justified in order to improve the paper quality. Some 
suggestions have been made here: 
 
What is the definition of the mean value shown in table 5? 
 
Response: 
Thank you for the comment. It actually means the mean value of lightning strikes from 
March-July. We have added the following to clarify: 
Exact P values and the mean value of lightning strikes from May to July are provided in Table 5  
 
Comment:  
Perhaps the authors can further explain the relationship between temperature and LSC. 
Why does low temperature mean less LSC etc? 
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Thank you for the comment. We have added the following explanation in paragraph 3: 
When warm, wet air rises into cold air, thunderstorms form. As the warm air cools, moisture in 
the form of water vapour condenses into water droplets, a process known as condensation. 
Cooled air descends through the atmosphere, warms up, and rises again. A convection cell is a 
circuit of rising and descending air. A cloud will form if this happens in a small amount. A 
thunderstorm can arise if this happens with a lot of air and moisture. 
The presence of high air temperature can quickly rise and cause powerful updrafts. These 
updrafts carried water droplets and quickly freeze and begin collision with ice crystals and 
graupel which causing charge transfer process. Therefore, low temperature may slow down this 
process. 
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Comment: 
Perhaps the authors can further explain the relationship between humidity and LSC. Why 
does low temperature mean less LSC etc? 
 
Response: 
Thank you for the comment. Studies found that higher relative humidity may enhance the 
upward updraft and easing the particle collision in the cloud. Lower relative humidity may 
lead to weaker updraft and decreased the chance of lightning occurrence. This trend has 
been demonstrated in Europe but not in Oceania. We have added the explanation in the 
Results and Discussion section under Europe. 
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A suggestion for the authors to discuss the relationship between months and lightning 
events/LSC, whether the lockdown or economic slow down affects the lightning occurrence. 
The authors may provide reasons to justify it as well. 
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This manuscript reports an analysis of the changes in lightning, temperature and relative humidity 
between 2015 and 2020, including the COVID-19 lockdown period. The authors find a significant 
change in these variables during the lockdown. They perform a statistical analysis to find possible 
relationships between the temperature, relative humidity and lightning. They find a possible 
correlation between them. 
 
The analysis of these variables is interesting, as well as finding possible relationships between 
them. However, the authors do not report a solid connection between the COVID-19 pandemic 
and the variables. 
 
The topic is in the scope of F1000 Research. The manuscript is well written and organized. 
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However, references are not updated, the method needs some more clarification, and the 
conclusions are not supported by the results. In addition, I miss a Discussion. 
 
I think the authors have to make a major revision before this manuscript can be accepted for 
indexing. If the authors cannot explain the possible relationship between the reduction of 
lightning and the pandemic, they may consider excluding the attribution of the decrease in 
lightning activity to the pandemic. 
 
I provide specific comments below: 
 
Introduction 
 
Second paragraph: Please mention the reduction in aerosols during the lockdown. 
 
The reference provided by the authors for the relationship between CO2 emissions and 
temperature reports a significant positive correlation between the atmospheric temperature and 
CO2 emission at a scale of years. Please provide some reference for a possible correlation 
between CO2 and temperature at a time period similar to the lockdown (weeks-months). Jones et 
al. (2021)1 did not find any relationship between the CO2 reduction and changes in temperature. 
 
Third paragraph: Some authors have reported a possible decrease in lightning activity due to 
climate change (Finney et al., 2018)2. 
 
Fourth paragraph: Please explain how aerosols are involved in lightning activity. 
 
"Lightning ground flash density tends to increase with drier and warmer surface air": Please 
provide some reference. In general, lightning does not tend to increase with drier surface. 
 
Why mention Denver and Colorado in this study? 
 
Previous studies have already investigated the possible relationship between the lockdown and 
lightning activity. Please cite and explain them in the introduction: Chowdhuri et al. (2020)3, Pinto 
Neto et al. (2020)4, Pérez-Invernón et al. (2021)5. 
 
Methods 
 
The authors have to estimate the temporal evolution of the lightning Detection Efficiency of the 
sensors used by LightningMaps.org, as you will study the temporal evolution of lightning in the 
data set. Lightning can increase or decrease year by year due to changes in the Detection 
Efficiency. The Detection Efficiency of the data set can be investigated by comparison with other 
lightning data set, such as LIS. 
 
Results 
 
Figures 2, 3, 5 and 6: What does each point represent? 
 
General comments and conclusions 
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This study shows that there could be a possible relationship between temperature, relative 
humidity and lightning in the studied regions (Europe and Oceania). However, the influence of the 
COVID-19 pandemic is not clear. There were significant changes in both temperature and relative 
humidity during the pandemic that could influence lightning. However, such changes could not be 
connected to the pandemic. See for example Jones et al. (2021)1, who used 12 models to produced 
over 300 simulations. They did not find any associated impact of the reduction of CO2 on 
temperature or rainfall. Changes observed in temperature and relative humidity can be due to 
other factors instead of the pandemic. 
 
In addition, the authors find an opposite correlation between relative humidity and lightning in 
Europe and Oceania. The reasons for this opposite relationship are not explained. 
 
Finally, previous studies have found a connection between the reduction of lightning and the 
reduction in the concentration of aerosols during the pandemic. However, this study does not 
investigate the role of aerosols in lightning activity. 
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Reductions Due to COVID-19: Initial Results From CovidMIP.Geophys Res Lett. 2021; 48 (8): 
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Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Atmospheric electricity, meteorology, plasma physics.

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to state that I do not consider it to be of an acceptable scientific standard, for 
reasons outlined above.

Author Response 06 Oct 2021
Chun Lim Siow, Multimedia University, Cyberjaya, Malaysia 

General Comments: 
 
This manuscript reports an analysis of the changes in lightning, temperature and relative 
humidity between 2015 and 2020, including the COVID-19 lockdown period. The authors 
find a significant change in these variables during the lockdown. They perform a statistical 
analysis to find possible relationships between the temperature, relative humidity and 
lightning. They find a possible correlation between them. 
 
The analysis of these variables is interesting, as well as finding possible relationships 
between them. However, the authors do not report a solid connection between the COVID-
19 pandemic and the variables. 
 
The topic is in the scope of F1000 Research. The manuscript is well written and organized. 
However, references are not updated, the method needs some more clarification, and the 
conclusions are not supported by the results. In addition, I miss a Discussion. 
 
I think the authors have to make a major revision before this manuscript can be accepted 
for indexing. If the authors cannot explain the possible relationship between the reduction 
of lightning and the pandemic, they may consider excluding the attribution of the decrease 
in lightning activity to the pandemic. 
 
Response to General Comments: 
 
Thank you for the comment. The focus of this manuscript is more on examining any 
statistical relationship between the lightning activities and the changes in atmospheric 
temperature and humidity during the pandemic. Discussion is partially included with the 
results and in the conclusion. At this point of research, we could only discuss it statistically 
and refer to any concurring literature. We have addressed the comments and incorporated 
the recommendations at our level best. 
 
I provide specific comments below: 
 
Comment: Introduction 
 
The reference provided by the authors for the relationship between CO2 emissions and 
temperature reports a significant positive correlation between the atmospheric 
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temperature and CO2 emission at a scale of years. Please provide some reference for a 
possible correlation between CO2 and temperature at a time period similar to the lockdown 
(weeks-months). Jones et al. (2021) did not find any relationship between the CO2 reduction 
and changes in temperature. 
 
Response: 
Thank you for the comment. The recommended reference has been cited. However, we 
could not find any reference for similar time period to the lockdown. Here is our response: 
 
The release of carbon dioxide (CO2) from the combustion of coal, oil, and natural gas is the 
primary driver of rising global temperatures. These activities, as can be seen, tend to decrease 
during the lockdown period. As a result, the rate of temperature rise may be delayed during the 
lockdown period. This, however, is insufficient to cause long-term effects on CO2 levels and 
climate change on a worldwide scale.  
 
Comment: 
Third paragraph: Some authors have reported a possible decrease in lightning activity due 
to climate change (Finney et al., 2018). 
 
Response: 
Thank you for the comment. The recommended reference has been cited. Here is our 
response: 
 
(Finney et al., 2018) stated that many previous studies found a positive correlation between 
lightning and temperature, and one previous study that found lightning decreases with an 
increase in temperature. This may explain that such relationships become highly uncertain on 
longer timescales. 
 
Comment: 
Fourth paragraph: Please explain how aerosols are involved in lightning activity. 
 
Response: 
Thank you for the comment. The following has been added into fourth paragraph: 
 
Aerosol could affect lightning activity through modification of cloud micro-physics. 
Aerosol particles serve as cloud condensation nuclei and ice nuclei, and the amount of this 
particles could affect the formation of cloud droplets and ice particles. More aerosol will suppress 
the coalescence and making the average size of cloud droplet to be reduced as well as inhibiting 
precipitation. Therefore, the process enables the water droplets to rise further to upper layers of 
the clouds and may enhance the lightning processes. 
 
Comment: 
"Lightning ground flash density tends to increase with drier and warmer surface air": Please 
provide some reference. In general, lightning does not tend to increase with drier surface. 
 
Response: 
Thank you for the comment. We have provided reference based on the study from Diaz-
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Ortiz reference number 17 into third paragraph: 
 
Yes, in general lightning does not tend to increase with warmer and drier surface, but the 
presence of high air temperature can quickly rise and cause powerful updrafts. These updrafts 
carried water droplets and quickly freeze and begin collision with ice crystals and graupel which 
causing charge transfer process. Therefore, low temperature may slow down this process. So high 
temperature can be a driving factor to lightning formation. 
 
Comment: 
Why mention Denver and Colorado in this study? 
 
Response: 
Thank you for the comment. 
 
Denver and Colorado have stated that lightning peaked during summer time, which may possibly 
explain the high temperature leads to high lightning activity. 
 
Comment: 
Previous studies have already investigated the possible relationship between the lockdown 
and lightning activity. Please cite and explain them in the introduction: Chowdhuri et al.
 (2020), Pinto Neto et al. (2020), Pérez-Invernón et al. (2021). 
 
Response: 
Thank you for the comment. All the recommended articles are relevant and have been cited 
and explained accordingly. 
 
Comment: Methods 
 
The authors have to estimate the temporal evolution of the lightning Detection Efficiency of 
the sensors used by LightningMaps.org, as you will study the temporal evolution of 
lightning in the data set. Lightning can increase or decrease year by year due to changes in 
the Detection Efficiency. The Detection Efficiency of the data set can be investigated by 
comparison with other lightning data set, such as LIS. 
 
Response: 
Thank you for the comment. Currently, this is beyond our scope of work. We will consider 
this for our future work. 
 
Comment: Results 
 
Figures 2, 3, 5 and 6: What does each point represent? 
 
Response: 
Thank you for the comment. Each point represents the lightning strikes count (LSC). Figure 
2 and 5 is the scatter plots of the LSC against air temperature. Figure 3 and 6 is the scatter 
plots of the LSC against humidity. 
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General comments and conclusions 
This study shows that there could be a possible relationship between temperature, relative 
humidity and lightning in the studied regions (Europe and Oceania). However, the influence 
of the COVID-19 pandemic is not clear. There were significant changes in both temperature 
and relative humidity during the pandemic that could influence lightning. However, such 
changes could not be connected to the pandemic. See for example Jones et al. (2021), who 
used 12 models to produced over 300 simulations. They did not find any associated impact 
of the reduction of CO2 on temperature or rainfall. Changes observed in temperature and 
relative humidity can be due to other factors instead of the pandemic. 
 
Response: 
Thank you for the comment. We acknowledged the findings by Jones et al. (2021) as 
highlighted. However, we have supplemented our argument with a few supporting 
references. 
 
Comment: 
In addition, the authors find an opposite correlation between relative humidity and 
lightning in Europe and Oceania. The reasons for this opposite relationship are not 
explained. 
 
Response: 
Thank you for the comment. Unfortunately, it is beyond our current level of understanding 
to provide the exact explanation on the opposite relationship found. 
Higher relative humidity will lead to stronger updraft and increased lightning occurrence. 
However, too much vapor may weaken the updraft by blocking the vapor to rise up to complete 
the phase transformation. 
 
Comment: 
Finally, previous studies have found a connection between the reduction of lightning and 
the reduction in the concentration of aerosols during the pandemic. However, this study 
does not investigate the role of aerosols in lightning activity. 
 
Response: 
Thank you for the comment. Yes, we have not considered in this in this study. However, we 
have noted your recommendation and have since enhanced the literature review of this 
study based on your feedback. We will consider the role of aerosols in lightning activity in 
our future work.  
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