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Contrastive Analysis of Lightning Characteristics and
Lightning Parameters in Hongya County
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Abstract Based on the data of cloud-to-ground lightning obtained by the lightning detection system in Hongya County during 2011 —2015, the parame-
ters of lightning current intensity and steepness in Hongya County were analyzed, and the lightning parameters and the annual average density of lightning
stroke to earth were discussed in combination with the Design Code for Protection of Structures against Lightning ( GB 50057 —2010) , so as to provide sci-

entific guidance for lightning disaster prevention in Hongya County.
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Lightning is the most spectacular and extremely important
weather phenomenon in nature, and has characteristics of short
discharge time ( generally not more than 60 ps) , large impact cur-
rent (tens of thousands to hundreds of thousands ampere) , high
impact voltage (up to hundreds of millions of volts) , large light-
ning current gradient (up to 10 kA/ps)""'. The traditional light-
ning observation is manual observation””’ , and can only be based
on the statistical analysis of thunderstorm days, but the data recor-
ded by the lightning positioning monitoring system is diversified to
achieve comprehensive monitoring. Therefore, it is necessary to
analyze the characteristics of local thunderstorms and lightning pa-

rameters based on lightning location data to provide theoretical ba-

sis for scientific prevention of lightning disaster"’.

1 Analysis of lightning monitoring data

1.1 Analysis of lightning intensity Table 1 shows the overall
characteristics of lightning intensity data in Hongya County from
2011 to 2015. During the five years, the frequency of lightning in
Hongya County was up to 45 751 times, among which the frequen-
cy of negative cloud-to-ground lightning was higher than that of
positive cloud-to-ground lightning, and the ratio of positive and
negative cloud-to-ground lightning was 1 : 27. However, the in-
tensity of positive cloud-to-ground lightning was greater than that

of negative cloud-to-ground lightning.

Table 1 Overall characteristics of lightning intensity in Hongya County from 2009 to 2013

Cloud-to-ground lightning Frequency // times Percentage // % Average intensity // kA Maximum intensity // kA
Positive cloud-to-ground lightning 1670 3.6 30.3 267.5
Negative cloud-to-ground lightning 44 081 96.4 11.2 194.5
Total 45 751 100.0 20.7 267.5

As shown in Fig. 1 and Fig. 3, the frequency distribution of
current intensity of negative and total cloud-to-ground lightning in
recent 5 years was relatively concentrated, and there was a single
peak. The maximum was about 20 kA, and the frequency of
lightning current intensity less than 50 kA was more than 98% ,
while that of lightning current intensity less than 100 kA was
99% . Seen from Fig. 2, although the curve of current intensity of
positive cloud-to-ground lightning in recent five years also had a
single peak, but it is much gentler than that of negative and total
cloud-to-ground lightning, and the distribution range was larger
than that of negative and total cloud-to-ground lightning. The
central maximum was about 27 kA, and 98% of current intensity
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was less than 100 kA.
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Fig.1 Distribution of the frequency of total cloud-to-ground light-
ning intensity
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Distribution of the frequency of positive cloud-to-ground
lightning intensity
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Fig.3 Distribution of the frequency of negative cloud-to-ground

lightning intensity
1.2 Analysis of lightning gradient From 2011 to 2015, the
largest lightning gradient in Hongya County was —223.1 kA/ps,
and the frequency of lightning gradient between —50 and 10 kA/ s
was 43 979 times, accounting for 96% of the total frequency of
lightning. The frequency of lightning gradient less than —50 kA/ ps
was 393 times, accounting for 0. 8% of the total frequency of
lightning. The frequency of lightning gradient less than —75 kA/ s
was 45 times, accounting for 0. 1% of the total frequency of lightning.
1.3 Analysis of daily variation of lightning The most impor-
tant factors affecting the daily variation of lightning are the terrain

and the local climate zone™’.

Hongya County is located at the
southwest edge of Sichuan Basin, and the Qingyi River passes
through the city. The temperature rise in the mountain area is
greater than that along the river, and it is easy to form local circu-
lation. The strong horizontal temperature gradient and uplift con-
densation are very conducive to the occurrence and development of

. 5-6]
strong convective weather'

, so lightning occurred more fre-
quently in Hongya. According to the analysis of lightning data in
the past five years, lightning was the most intense between 03 :00
and 09:00, and then the frequency gradually decreased, and then
increased from afternoon to evening. The daily variation of light-

ning generally had three peaks (Fig.4).

2 Comparative analysis of lightning parameters
Tables F.0.1 -1, Table F.0.1 -2 and Table F.0.1 -3 in

Appendix F of the Design Code for Protection of Structures against
Lightning ( GB 50057 —2010)") give the basic parameters of
lightning current. In the standard, it is pointed out that the first
positive lightning stroke current of class-I buildings is 200 kA,
and the first negative lightning stroke current is 100 kA. In recent
5 years, there was only one time of positive lightning stroke cur-
rent greater than 200 kA, and it was up to 267 kA. There were
only ten times of negative lightning stroke current greater than 100
kA, and the maximum was 194 kA. The analysis shows that the
distribution of lightning current parameters in Hongya County was
basically consistent with those in the standard GB 50057 — 2010,

but there were a few phenomena that were too large.
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Fig.4 Daily variation of lightning

The steepness of positive cloud-to-ground lightning in the
standard GB 50057 —2010 is I/T =200/10 =20 kA/ps, and the
steepness of negative cloud-to-ground lightning after the first time
is I/T =50/0.25 =200 kA/ps. The data show that the frequency
of positive cloud-to-ground lightning steepness > 20 kA/ps in
Hongya County was 224 times, accounting for 13% of the total
frequency of positive cloud-to-ground lightning, and the maximum
steepness of positive cloud-to-ground lightning was 188 kA/pus.
There was only one time of negative cloud-to-ground lightning
steepness >200 kA/ s, and the value was 223 kA/ps. The anal-
ysis indicates that the steepness of positive cloud-to-ground light-
ning in Hongya County was larger than that in the standard GB
50057 - 2010, and the distribution of negative cloud-to-ground
lightning steepness was basically consistent with that in the stand-

ard GB 50057 -2010.

3 Comparative analysis of thunderstorm days
3.1 Comparative analysis of the number of thunderstorm
days and lightning days As shown in Table 2, the annual aver-
age number of lightning days detected by the lightning detection
system in Hongya County during 2011 —2015 was 46. 8, and the
annual average number of thunderstorm days observed was 24. 8.

That is, the latter was 22 d less than that the former (Table 2).
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Table 2 The number of thunderstorm days observed manually and the
number of lightning days detected by the lightning positioning

system
Year Thunderstorm days Lightning days detected by the
observed manually //d lightning positioning system //d
2011 21.0 41.0
2012 24.0 43.0
2013 29.0 54.0
2014 26.0 46.0
2015 24.0 50.0
Average 24.8 46.8

Because the division of day boundaries of the lightning posi-
tioning system and the manual observation was different, the re-
corded days of the same thunderstorm process were also different.
It can be seen that the number of thunderstorm days recorded by
the lightning positioning system and manual observation was not
completely consistent, and the number of thunderstorm days recor-
ded by manual observation can only roughly reflect the frequency
of lightning activity within the diameter of 20 —30 km of the obser-
vation station. The number of lightning days detected by the light-
ning detection system can represent the frequency of lightning ac-
tivity in the whole county.

3.2 Comparative analysis of annual average density of light-
ning stroke to earth The annual average density of lightning
stroke to earth is the main parameter to measure the frequency of
lightning stroke, and is the basis for calculating the annual fre-
quency of lightning stroke to buildings. In the standard GB 50057
—-2010, the annual average density of lightning stroke to earth
Ng, is calculated as follows: Ng, =0.1 xTd (Td is the local an-
nual average number of thunderstorm days). The annual average
density of lightning stroke to earth calculated based on the meas-
ured data of the lightning positioning system Ng, is calculated as
follows: Ng, = the annual number of lightning stroke/land area.
Table 3 shows that there was a great difference between Ng, and

Ng, , with an average correlation coefficient of 1.62.

Table 3 Comparative analysis of Ng, and Ng,

Year Nei Nez Correlation coefficient
time/ (km? - a) time/ (km? - a)
2011 2.1 4.6 2.2
2012 2.4 3.2 1.3
2013 2.9 5.2 1.8
2014 2.6 1.7 0.7
2015 2.4 5.0 2.1
Average 2.5 3.9 1.6

4 Conclusions
(1) The analysis of the measured data of 45 751 times of
lightning detected by the lightning detection system in Hongya

County from 2011 to 2015 shows that the lightning in Hongya
County was mainly negative cloud-to-ground lightning, accounting
for 96.4% of the total number of cloud-to-ground lightning, and
its average intensity was significantly lower than that of positive
cloud-to-ground lightning.

(2) Lightning activity in Hongya County was the most in-
tense from 03:00 to 09:00, and increased from afternoon to eve-
ning. The daily variation curve of lightning had three peaks.

(3) The average intensity of lightning current in Hongya
County was about 20 kA, and the measured data of lightning cur-
rent was basically consistent with the distribution of lightning cur-
rent parameter in the standard GB 50057 — 2010, and only a few
exceeded the lightning current parameter in the standard GB 50057
—2010. Compared with the standard GB 50057 —2010, the steep-
ness of positive cloud-to-ground lightning was larger, and the dis-
tribution of negative cloud-to-ground lightning steepness was basi-
cally the same.

(4) The number of lightning days detected by the lightning
detection system in Hongya County was significantly larger than
the number of thunderstorm days obtained by artificial observa-
tion, which was related to the small coverage of thunderstorm days
obtained by artificial observation in Hongya County.

(5) The average annual density of lightning stroke to earth
calculated according to the standard GB 50057 —2010 has certain
limitations, and cannot truly reflect the annual average density of
lightning stroke to earth. The average correlation coefficient of
Hongya County was 1.62. This difference will affect the lightning
protection classification level of buildings, and has a direct impact
on lightning protection engineering and lightning disaster risk as-
sessment. It is suggested that lightning observation data should be

used as much as possible in practical application.
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