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Abstract— Upward lightning flashes that originate from tall 
grounded structures have been classified as either ‘self-triggered’ 
or ‘other-triggered’ based on preceding lightning events in their 
vicinity, i.e. strokes or pulses from cloud-to-ground (CG) or 
intracloud (IC) discharges occurring around the tower. A total of 
165 upward flashes recorded between March 2015 to July 2016 at 
the Säntis Tower in the eastern Swiss Alps are analyzed 
considering the related meteorological conditions. The results are 
compared to similar previous studies to reveal some general ideas 
on how meteorological conditions influence the initiation of self- 
and other- triggered upward flashes. 
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I.  INTRODUCTION 

Studies on lightning activity and related meteorological 
conditions can be found in the literature since 1960 [1]–[16]. For 
example, in [1] and [2], indicated variations in the nature of the 
electric field changes due to lightning discharges are discussed. 
The attributed changes in meteorological parameters are then 
presented in order to relate electrical with meteorological 
parameters. The synoptic situations associated with 
thunderstorms that initiate upward leaders from the tall towers 
were studied by Bosart et al. in [4]. More recently, the 
meteorological conditions related to a winter lightning strike to 
a 50-m tall weather radar tower were described in [13]. That 
study looked specifically at the relation between the weather 
conditions and the accumulation of charge that leads to the 
initiation of upward leaders from the radome at the top of the 
tower.  

Upward lightning from tall objects has been classified into 
two categories: Self-triggered (also called ST flash), in which no 
other lightning activity occurs within a predefined circular area 
around the tall object and within a given time interval prior to 
the flash, and other-triggered (also called OT flashes), which are 
preceded by lightning activity within predefined time and spatial 
bounds [17]. According to [15], there could be two modes for 
preceding lightning activity leading to OT flashes initiation: (i) 
positive CG return strokes propagating through previous leader 
channels near the tall object, or (ii) the overhead proximity of 
horizontally propagating negative stepped leaders from either 
intracloud flashes (ICs) or positive cloud to ground flashes 
(CGs). After the classification was first proposed by Wang et al. 
[17] in 2008, several researchers have discussed different 
initiation conditions for ST and OT flashes from tall objects, e.g. 
[15], [18]–[26]. A number of studies have addressed the effect 
of meteorological conditions on the initiation mechanisms of ST 
and OT upward lightning flashes [15], [17], [21], [27]–[30]. In 
[28], high speed camera observations and electric field 
measurements were used along with an assumed cloud structure 
to analyze the upward lightning mechanisms. In the work of 
Zhou et al. [27], a comparison of meteorological parameters 
associated with ST and OT flashes was carried out for a total of 
205 flashes recorded during 2005 to 2009 at the Gaisberg Tower. 
The authors concluded that lower ambient temperature was 
propitious for ST flash initiation and they found no correlation 
between wind speed and upward lightning initiation in [27]. 
Smorgonskiy et al. [2015] presented an analysis of the seasonal 
and temperature variations of self-triggered and other-triggered 
flashes at the Säntis Tower, and compared it with observations 
in Rapid City and Gaisberg. Their study suggests that the 
mechanism of upward flash initiation features a strong seasonal 
variation.  



In this study, the meteorological conditions during 165 
upward lightning flashes recorded at the Säntis Tower in the 
eastern Swiss Alps during March 2015 to July 2016 are 
presented. Each flash is classified into OT or ST according to 
the existence or absence of lightning activity recorded by the 
European Cooperation for Lightning Detection (EUCLID) in the 
vicinity of the Tower and within a specified time interval before 
the upward tower flash. 

The paper is organized as follows: Section II briefly reviews 
the obtained meteorological and lightning data in the Säntis area 
from MeteoSwiss, EUCLID, and the instrumentation at the 
Säntis Tower. The discussion and interpretation of the results are 
presented in Section III. Finally, conclusions are given 
in Section IV. 

II. DATA 

A. Meteorological Data Measurement by MeteoSwiss  

Meteorological data have been recorded at the Säntis 
meteorological station since 1884. The station is situated on top 
of the Säntis mountain, close to the Säntis Tower location. In 
this study, data on surface air temperature, wind speed, air 
pressure at station level (QFE), and relative air humidity were 
obtained from the Swiss Federal Office of Meteorology and 
Climatology (MeteoSwiss) to define the meteorological 
conditions at the time of each event. The granularity level of the 
data is 10 minutes and the value for the starting point of each 
ten-minute interval is assigned to the whole interval. This might 
not cause any significant error since the rate of change for these 
parameters is usually longer than these time scales. 

B. Current Measurement System at the Säntis Tower  

The 124-m tall Säntis Tower has been instrumented since 
May 2010 for the measurement of lightning currents with high-
resolution sampling over long observation windows. The analog 
outputs of the sensors are relayed to a digitizing system by 
means of optical fiber links. The system allows over-the-Internet 
remote maintenance, monitoring, and control. 

A PXI platform with a current sampling rate of 50MS/s is 
used to digitize and record measured waveforms. The lightning 
current records are 2.4 s long with a pre-trigger delay of 960 ms. 

In 2013–2014, updates were made to the overall measuring 
system. More details on the instrumentation system can be found 
in [31]–[35]. 

C. EUCLID Lightning Location System 

The EUCLID lightning location network provided the 
location data for cloud-to-ground and intra-cloud lightning 
activity in the vicinity of the Säntis Tower. Information on the 
EUCLID system can be found in [36], [37]. During the 
overlapping period with the flashes measured at the Säntis 
Tower (March 2015 to July 2016), a total of 30733 events were 
recorded by the EUCLID system within a radius of 30 km from 
Säntis Tower. 

III. ANALYSIS AND RESULTS 

A. Categorization of the Flashes as Other-Triggered (OT) or 
Self-Triggered (ST) 
The classification of the flashes as other- or self-triggered 

was done in this study according to the occurrence, as detected 
by EUCLID, of any lightning activity satisfying both temporal 
and special criteria. A flash was classified as other-triggered if 
there was at least one EUCLID event detected both, within a 
chosen time interval ∆t = 5 s before the start of the upward leader 
and inside a circular radius of ∆r = 30 km centered around the 
tower. Other flashes are considered to belong to the self-
triggered category. The time reference was set to the beginning 
of the upward leader in flashes recorded at the Säntis Tower so 
that no other components of the flash, for example ICC pulses, 
would be misjudged as triggering events. During the 17-month 
time span from March 2015 to July 2016, 169 flashes were 
recorded at the Säntis Tower, out of which 165 were recognized 
as upward flashes. A total of 24 out of the 165 upward flashes 
were classified as other-triggered (14.5%) and 141 were 
classified as self-triggered (85.5%). In terms of polarity, 144 out 
of the complete set of 165 upward flashes were negative, 12 
positive, and 9 bipolar upward flashes. For the 24 OT flashes, 
75% were negative, 17% were positive and 8% were bipolar. 
The 141 ST flashes were composed of 89% negative, 6% 
positive and 5% bipolar.  

B. Influence of Meteorological Conditions on ST or OT Flash 
Initiation 
Fig. 1 shows the monthly distribution of self- and other-

triggered upward flashes during the studied period [38] in this 
paper, from March 2015 to July 2016. It can be seen that all OT 
flashes occurred during the convective season (May to August), 
with more than 83% of them occurring in July. Although, 
contrary to OT flashes, some of the ST flashes happened during 
the non-convective season (September to April), the majority 
happened during the summer with the maximum number of 
flashes occurring in June.  

A histogram of OT and ST flashes as a function of the 
surface air temperature is presented in Fig. 2. The mean value 
for the ST flashes is -0.2 ºC compared to 8.2 ºC for OT flashes, 
suggesting that ST flashes occur at lower ambient temperature. 
This result is consistent with the study of Zhou et al. in [27], 
where 84 out of 96 (88%) of ST flashes occurred when the 
surface air temperature was below 0 ºC and 22 out of 25 (88%) 
of the recorded OT flashes occurred for surface air temperatures 
above 5 ºC. The obtained results are also consistent with the 
analysis presented in [38], in which it was shown that the 
average temperature for ST flashes at the Peissenberg Tower 
was about 1.65 ºC. For OT flashes, Heidler and Paul [38] did not 
give any data on temperature but all of the OT flashes in their 
dataset occurred during the summer. Zhou et al. [27] further 
pointed out that low ambient temperatures may be associated 
with lower-than-normal cloud base heights and lower-than-
normal freezing heights. The decrease in the height of the cloud 
may then result in intensification of the electric field and an 
increase in the probability of upward flashes. 



  
Figure 1. Monthly distribution of self- and other- triggered upward flashes 

recorded at the Säntis Tower between March 2015 to July 2016. 

 
Figure 2. Histogram of the studied self- and other-triggered upward flashes as 
a function of the surface air temperature at the Säntis meteorological station. 

 
Figure 3. Histogram of the studied self- and other-triggered upward flashes as 

a function of wind speed at the Säntis meteorological station. 
 

Other meteorological parameters in the Säntis Tower 
region, including wind speed, air pressure at station level 
(QFE), and relative humidity are presented, respectively, in Fig. 
3 to Fig. 5. The wind speed data for 18 ST flashes were not 
available from MeteoSwiss and they are not included in Fig. 3. 

The results for wind speed at Säntis (see Fig. 3) suggest that the 
overall number of tower flashes tends to decrease as the wind 
speed increases. In order to investigate the influence of the wind 
speed on the initiation of ST and OT flashes, the percentage of 
ST flashes is presented in Fig. 6 as a function of wind speed. 
For comparison, the same percentage associated with the data 
at the Gaisberg Tower [27] and in Uchinada-chou [20] are 
presented in the same figure. It can be observed that the 
percentage of ST flashes as a function of the wind speed shows 
an increasing trend for all the three locations. The stronger 
variations in the Uchinada-chou data might be due to the limited 
number of recorded events (29 flashes), compared to the other 
two datasets (121 flashes in Gaisberg and 147 flashes in Säntis). 
In addition, it can also be seen that in the Säntis and the 
Gaisberg data, beyond a certain wind speed level, only ST 
flashes are observed.  

It is worth noting that the classification of flashes into ST 
and OT using lightning location systems might be affected by 
inaccuracies [39] in the sense that the number of OT flashes 
from LLS data can be underestimated since cloud discharge 
activity may sometimes be missed by Lightning Location 
Systems.   

A summary of statistical parameters regarding the datasets 
in Fig. 2 to Fig. 5 is presented in Table I. For comparison, the 

Figure 4. Histogram of the studied self- and other-triggered upward flashes as 
a function of air pressure (QFE) at the Säntis meteorological station level. 

 

Figure 5. Histogram of the studied self- and other-triggered upward flashes as 
a function of the relative air humidity at the Säntis meteorological station. 

22

3

10 10
7

1

10

1

15

39

25

1

11

1 1 1

9

0

10

20

30

40

M
ar

-1
5

Ap
r-1

5

M
ay

-1
5

Ju
n-

15

Ju
l-1

5

Au
g-

15

Se
p-

15

O
ct

-1
5

No
v-

15

De
c-

15

Ja
n-

16

Fe
b-

16

M
ar

-1
6

Ap
r-1

6

M
ay

-1
6

Ju
n-

16

Ju
l-1

6

Nu
m

be
r o

f F
la

sh
es

Months

Self-triggered (N=141)
Other-triggered (N=24)

11

51

42

23

13

31 1

16

5
1

0

10

20

30

40

50

-10 to -6 -6 to -2 -2 to 2 2 to 6 6 to 10 10 to 14 14 to 18

Nu
m

be
r o

f F
la

sh
es

Temperature (℃)

Self-triggered (N=141)
Other-triggered (N=24)

7

29

14

24

9

12

4

9
11

6

2
4

7
4 4

2 1
0

5

10

15

20

25

30

35

0-2 2-4 4-6 6-8 8-10 10-12 12-14 14-16 16-18 18-20

Nu
m

be
r o

f F
la

sh
es

Wind Speed (m/s)

Self-triggered (N=141)
Other-triggered (N=24)

2 2 1 2 4 5
11

116

1 2 1 2 1 1

16

0

20

40

60

80

100

120

50-60 60-80 80-82 82-84 84-86 86-88 88-90 90-92 92-94 94-96 96-98 98-100

Nu
m

be
r o

f F
la

sh
es

Relative Humidity (%)

Self-triggered (N=141)
Other-triggered (N=24)

1

41

14

32

40

11

4
1

9 8
6

0

5

10

15

20

25

30

35

40

45

732-736 736-740 740-744 744-748 748-752 752-756 756-760 760-764

Nu
m

be
r o

f F
la

sh
es

Air Pressure (hPa)

Self-triggered (N=141)
Other-triggered (N=24)



  

Figure 6. The percentage of ST flashes as a function of wind speed for the 
recorded flashes at the Säntis Tower, the Geisberg Tower [27], and the 

lightning protection tower of a windmill in Uchinada-chou [20]. The linear 
trending lines with the attributed equations are also shown for all three 

datasets. 

TABLE I. SUMMERIZED STATISTICAL ANALYSIS OF METEOROLOGICAL 
PARAMETERS AT THE SÄNTIS TOWER. 

 Temperature 
(ºC) 

Wind 
speed 
(m/s) 

Air pressure 
(QFE) (hPa) 

Relative 
humidity 

(%) 

Flash type ST OT ST OT ST OT ST OT 

Arithmetic 
mean -0.2 8.3 7.3 6.2 749.4 757.9 98.7 93.8 

Maximum 10.7 17.2 19.9 15.8 762.6 763.1 100 100 
Minimum -9.9 0.9 0.7 0.9 736 751.7 82.7 51.1 

TABLE II. SUMMERIZED STATISTICAL ANALYSIS OF METEOROLOGICAL 
PARAMETERS AT THE GAISBERG TOWER [27]. 

 Temperature 
(ºC) 

Wind 
speed 
(m/s) 

Air pressure 
(QFE) (hPa) 

Relative 
humidity 

(%) 

Flash type ST OT ST OT ST OT ST OT 

Arithmetic 
mean -2.8 11.1 13.3 12 865.4 871.9 94.6 91 

Maximum 15.5 15.7 26.7 18.3 879.9 876.6 96.7 95.7 
Minimum -13.4 2.6 2.6 5.6 850 864.2 77.8 85.2 

 

statistical parameters for the Gaisberg Tower data given in [27] 
are presented in Table II. The two data sets show good 
consistency in terms of air pressure. In both cases (see Table I 
and Table II), the arithmetic mean air pressure for ST flashes is 
lower than for OT flashes. As seen in Fig. 4, the range of 
pressures for which OT flashes are observed is concentrated 
toward the higher pressures (748 hPa and beyond) and it is 
considerably narrower than for ST flashes. 

Furthermore, it is seen in Table I and Table II that in both 
studies the maximum and minimum recorded wind speeds 
during the whole studied period belong to the ST category. 

A histogram of the numbers of OT and ST flashes as a 
function of the relative humidity is shown in Fig. 5. It can be 

seen in that figure that ST and OT flashes tend to occur in more 
humid weather. It can also be observed that 33% of OT flashes 
occurred in conditions when the humidity was below 92%, 
while this percentage for ST flashes is just 4%. The total 
number of tower flashes is much higher for humidity levels 
approaching 100% than for lower values.  

IV. CONCLUSIONS 
A study of the influence of meteorological conditions on the 

initiation of self- and other-triggered upward lightning flashes 
at the Säntis Tower was presented. The obtained results were 
found to be consistent with previous observations in Austria 
(Gaisberg Tower) and Japan (Uchinada-chou).  

It was shown that ST flashes are mainly observed in lower 
ambient temperatures.  

The percentage of ST flashes as a function of the wind speed 
shows an increasing trend. For wind speeds of 12 m/s and 
higher, out of 31 upward flashes, 30 were of ST category, and 
beyond 17 m/s, only ST flashes were observed. 

The range of pressures for which OT flashes are observed is 
concentrated toward the higher pressures (748 hPa and beyond) 
and it is considerably narrower than for ST flashes.  
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