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Abstract
Physical concepts based on the Clausius-Clapeyron relation and on the thermodynamics and aerosol characteristics associated with updrafts, global climate models assuming different parametrizations and lightning-related output variables, and lightning-related data (thunderstorm days) are being used
to infer the lightning incidence in a warmer planet, motivated by the global
warming observed. In all cases, there are many gaps to be overcome making
the lightning response to the global temperature increase still unpredicted.
Values from almost 0% (no increase) to 100% have been estimated, being
10% the most common value. While the physical concepts address only part
of the problem and the global climate models need to make many simple assumptions, lightning-relate data have strong time and space limitations. In
this context, any new evidence should be considered as an important contribution to better understand how will be the lightning incidence in the future.
In this article, we described new results about the occurrence of thunderstorms from 1850 to 2010 (a period of 160 years) in the city of Rio de Janeiro,
in the Southeast of Brazil. During this period thunderstorm days were recorded in the same location, making this time series one of the longest series of
this type available worldwide. The data support an increase of 21% in the
mean annual thunderstorm days during the period, while surface temperature
increased by 0.6˚C during the period. Considering that the mean annual
number of thunderstorm in the beginning of this period was 29, we found an
increase of one thunderstorm day per 0.1˚C of increase in the surface temperature. Assuming that the number of lightning flashes per thunderstorm
remains approximately constant during the period, this number corresponds
to an increase in the lightning flash rate of approximately 35% per ˚C of increase of temperature. In addition, considering that the increase of the global
temperature during the period was almost the same that observed in Rio de
Janeiro, we can conclude that this increase in the lightning flash rate is due to
the global warming with no effect of urban activity. Finally, we found that
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monthly thunderstorm days and monthly mean surface temperature show a
linear correlation with a coefficient of 0.9 along the period.
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1. Introduction
Lightning is a natural hazard with important climatic effects on longer time-scales
through NOx production and forest fire ignition. In most cases, it is accompanied by strong downdrafts, hail and hazardous precipitation that often entail
significant economic losses. It also poses threats to aviation safety, renewable
energy production by wind-turbines, and electric power utilities. In this context,
its future activity in a warmer climate is of concern to the society (Williams &
Guha, 2019; Herring et al., 2018).
How global lightning may respond to a warmer climate is one of the main
open issues in the atmospheric science at present time. From the theoretical
point of view, the reason for that gap in our present knowledge is derived from
the limits of our current ability to understand in detail the global distribution of
lightning in the present climate, in particular the contrast in lightning activity
between land and ocean (Williams, 2005; Humphreys, 1964; Williams & Stanfill,
2002; Williams et al., 1999). One particular challenge is that both temperature
(involving changes in CAPE and in the cloud base height) and aerosol (involving
changes in the cloud condensation nuclei) play important roles in lightning activity in the present climate (Williams & Guha, 2019; Houghton, 1985; Stolz,
Rutledge, & Pierce, 2015). From the data point of view, in turn, the reason is derived from our limited amount of data to find patterns in a multi-decadal time
scale.
For studies on lightning variability on time scales longer than the typical lifetimes of lightning detection networks (a few decades), researchers have use thunderstorm day data (Pinto Jr., 2015) and model calculations (Price & Rind, 1992).
Thunderstorm day observations have been underway at meteorological stations
and airports worldwide for more than a century, but only in a few locations, so
that there is a clear lack of reliable, long-duration time-series. Only at high
northern latitudes there is a clear tendency for larger increases in the thunderstorm day counts in response to the current global warming (Hansen, Ruedy, Sato, & Lo, 2010; Williams, 2009).
Global climate models (GCM), in turn, are very sensitive to the physical parameterizations adopted, because their present resolution cannot adequately
portray microphysical processes that are conducive to electrical activity such as
ice and graupel collisions or ice multiplication. Thus, GCM cannot give accurate
depiction of future cloud properties, and give only general trends, so that results
have shown large variations including increases (Romps, Seeley, Vollaro, & MoDOI: 10.4236/ajcc.2020.93017
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linari, 2014) and even decreases (Finney et al., 2018) in the lightning activity in a
warmer planet.
The expectations for the future planetary lightning activity have been summarized recently (Williams & Guha, 2019). In spite of the large body of evidence
suggesting that the lightning activity should increase in a warmer planet, large
uncertainties remain. If total water vapor in the Earth’s atmosphere follows the
Clausius-Clapeyron relationship, one expects greater total water and more condensate in a warmer world, and given the need for condensates for lightning,
greater lightning is expected. Given the evidence for the role of CAPE in lightning
in the present climate, more lightning is expected in a warmer climate if CAPE
increases. Early speculation showed CAPE to be a climate invariant (Emanuel,
Neelen, & Bretherton, 1994). More recent global climate models, however, show
larger CAPE in warmer climates (Williams & Guha, 2019). Theoretical calculations in equilibrium atmospheres show CAPE scaling with the Clausius-Clapeyron
relationship (Williams & Guha, 2019). For all of these reasons, one expects
greater lightning in a warmer world, although large geographical variations
should be expected.
From the global climate model point of view, one recent study (Finney et al.,
2018) predicts less tropical lightning in a warmer world. However, the prediction
is controversial (Williams & Guha, 2019).
Further discussion on this issue and predictions for the behavior of lightning
in a warmer climate can be found elsewhere (Yair, 2018).
Finally, from the present knowledge, lightning enhancements are expected
over a finite range of CCN concentrations, Above some level, the lightning activity is expected to flatten and then decrease (Mansell & Ziegler, 2013), making
the effect of CCN concentrations on lightning more difficult to evaluate.
In this article thunderstorm day counts in the city of Rio de Janeiro (Brazil)
from 1850 to 2010 are analyzed. Figure 1 shows the entrance of the Guanabara
Bay at 1880 (when the first photos were taken) and in 2010. The comparison of
the photos shows the city growth at same time that shows the very pronounced
mountainous terrain.
Along the above period the long-term record of mean global temperature
based on averaging of surface thermometers shows an increase of the order of
0.6˚C. Figure 2 shows the mean global temperature during this period.

2. Data Analysis
Data of the thunderstorm occurrence (thunderstorm days counts) from 1850 to
2010 (a period of 160 years) in the city of Rio de Janeiro, in the Southeast of Brazil, were analyzed. During this period thunderstorm days were recorded in the
same location, making this time series one of the longest series of this type available worldwide.
Figure 3 shows the monthly total number of thunderstorm days for two
30-years periods, one at the beginning of the time series (1851-1880) and the
other at the end of the time series (1981-2010), when we have an increase in the
DOI: 10.4236/ajcc.2020.93017
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Figure 1. The entrance of the Guanabara Bay in 1880 and 2010.

Figure 2. Global temperature anomaly in the period from 1850 to 2010 based on the
Hadley Center and NASA.
DOI: 10.4236/ajcc.2020.93017
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Figure 3. The monthly total number of thunderstorm days (TD) for two 30-years periods, one at the beginning of the time series (1851-1880) and the other at the end of the
time series (1981-2010).

global mean temperature. It can be seen in Figure 3 that TD increases in all
months during the period.
Figure 4 shows mean monthly surface temperatures in the city of Rio de Janeiro for the same 30-years periods in Figure 3. The same behavior seen in Figure 3 can be seen in Figure 4, that is, the surface temperature increases in all
months during the period.
From the analysis of the data shown in Figure 3 and Figure 4 we found an
increase of 21% in the mean annual thunderstorm days during the period, while
surface temperature increased by 0.6˚C during the period. Considering that the
mean annual number of thunderstorm in the beginning of this period was 29, we
found an increase of one thunderstorm day per 0.1˚C of increase in the surface
temperature. Assuming that the number of lightning flashes per thunderstorm
remains approximately constant during the period this number corresponds to
an increase in the lightning flash rate of approximately 35% per ˚C of increase of
temperature. In addition, considering that the increase of the global temperature
during the period was almost the same that observed in Rio de Janeiro we can
conclude that this increase in the lightning flash rate is due to the global warming with no effect of urban activity. This conclusion is in agreement with the fact
that in the city of Rio de Janeiro the mountain terrain and the ocean are the
main features related to the thunderstorm formation.
Finally, Figure 5 shows that monthly thunderstorm days and monthly mean
surface temperature are very correlated with a linear correlation coefficient of
0.9 or higher at the two 30-years intervals giving additional support to a casual
relation between both.

3. Conclusion
The thunderstorm day data analyzed in this article support an increase of 21% in
DOI: 10.4236/ajcc.2020.93017
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Figure 4. Mean monthly temperatures (T) for two 30-years periods, one at the beginning
of the time series (1851-1880) and the other at the end of the time series (1981-2010).
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Figure 5. Scatter plot showing a linear correlation between the mean monthly temperatures and thunderstorm days for two 30-years periods: (a) 1851-1880 and (b) 1981-2010.

the mean annual thunderstorm days during the period, while surface temperature increased by 0.6˚C during the period. Considering that the mean annual
DOI: 10.4236/ajcc.2020.93017
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number of thunderstorm in the beginning of this period was 29, we found an
increase of one thunderstorm day per 0.1˚C of increase in the surface temperature. Assuming that the number of lightning flashes per thunderstorm remains
approximately constant during the period (a reasonable assumption in the lack
of lightning information in the beginning of the period) this number corresponds to an increase in the lightning flash rate of approximately 35% per ˚C of
increase of temperature. In addition, considering that the increase of the global
temperature during the period was almost the same that observed in Rio de Janeiro, we can conclude that this increase in the lightning flash rate is due to the
global warming with no effect of urban activity, a result that is in agreement with
the fact that in the city of Rio de Janeiro the mountain terrain and the ocean are
the main features related to the thunderstorm formation.
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