
World Meeting on Lightning (WOMEL), Cartagena, Colombia - 2016 

 

  An Analytical Perspective to Lightning Risk Management  
 

Casas, Favio1, 2, Torres, Horacio2, Jiménez, Claudia1, Serna, Oswald1, Ramírez, Ricardo1 
1SEGELECTRICA (www.segelectrica.com.co) 

 2PAAS (www.proyectospaas.unal.edu.co)  
 
  
 
Abstract- This paper summarizes the 

components of risk management directly 

associated with lightning in Colombia. It allows 

to demonstrate a decrease in accident rates 

when working at a normative level, with positive 

cultural changes and technological advances in 

tandem. 
  

INTRODUCTION 
  
To bet on the standardization, permanent 
training and the strengthening of human 
behavior as strategies of cultural change in society, 
against a recurring event, following a risk 
management scheme are essential tasks to reduce 
lightning accident rates in the long term. Although 
statistics on the subject in Colombia are just 
beginning to show, they serve to corroborate this 
hypothesis. 
  

I. RISK MANAGEMENT 
  
Risk management is the social process of planning, 
implementing, monitoring and evaluation of 
policies and permanent actions for risk knowledge 
and promoting greater awareness thereof; in order 
to avoid it, reduce it or control it.  
  
Within this context, there are tools for technical 
management of the risks associated with natural 
phenomena surrounded by mythology such as 
lightning, which varies spatially and temporally, 
that also features an under-reporting of accident 
rates statistics and whose research is relatively 
recent. The risk management principles are 
considered the frame for this discussion. 
  
A.  Structure 

  
In its continuous development, risk management 
has established four clearly defined parts: 
identification, evaluation, implementation of 
controls and management control (see Figure 1) 
[1]. 
  
 
 

 
 

 
Figure 1.Risk Management Structure 

  
B.  Standardization as a factor of change 

  

Nowadays in Colombia, progress has been made 
on identifying risks with regard to lightning 
phenomena and in particular the characterization of 
lightning has shown that we live in one of the 
countries with the highest Ground Flash Density - 
GFD in the world [2]; risk assessment required 
under RETIE standards, applying IEC and NTC 
methodologies and in the implementation of risk 

controls established in the RETIE, in NTC 2050 
and publications of the last 35 years [3] [4]; 
however, the control of lightning risk 

management has not been a state policy, because a 
systematic follow - up is not carried out. 
  
Somehow, society has delegated this obligation to 
isolated academic work and private institutions 
managing occupational risks. The process that has 
taken place in Colombia, began in the academy as 
a research line in High Voltage, that then moved to 
technical standardization to currently make some 
requirements or precept mandatory [3] [4].  
  
The RETIE, mandatory technical regulations for 
electrical installations in Colombia, in its Article 
16, deals with LIGHTNING PROTECTION and 
tacitly recognizes this risk factor [3].The entry into 
force of the RETIE as of May 2005, made 
mandatory the level of risk assessment, design and 
implementation of lightning protection, starting a 
new culture of prevention and protection on this 
issue. Additionally, it provides recommendations 
on the behavior against lightning. 

4. 

CONTROLDELA GESTIÓN

DELRIESGO

(Control risk management)

1. 

IDENTIFICACIÓN DELRIESGO

( Risk Assessment)

3. 

CONTROLDELRIESGO

(Risk Control)

2. 

EVALUACIÓN DELRIESGO

(Risk Analysis)

GESTIÓN DEL RIESGO

(Risk Management)

http://www.segelectrica.com.co)/
http://www.proyectospaas.unal.edu.co/


The RETIE specifically states: "... since 

Colombia is located in the Zone of Intertropical 

Confluence, it features one of the major 

lightning activities of the planet ... Such 

conditions require that measures are taken to 

minimize the risks caused by lightning outdoors, 

in buildings as well as on electrical installations 

... " .  
  
To measure the RETIE impact, Colombia requires 
monitoring the evolution of accidents caused by 
lightning before and after its entry into force. 
Therefore, taking into account the transitoriness 
and social and cultural adaptation, the year 2008 
has been chosen as a benchmark for this 
comparison. 
  

II. STATISTICS 

  
A. DANE Statistics 

  
DANE is the agency of the State whose function is 
to produce and disseminate quality statistical 
information for decision-making and research in 
Colombia and develop the National Statistical 
System as well.   Within DANE statistics, the X33 
code makes reference to deaths associated with 
lightning strikes.  
  
Figure 2 shows information gathered by Navarrete-
Aldana [5] with DANE data on lightning 
associated deaths in Colombia, between 2000 and 
2009 .757 deaths were reported in this study, with 
2003 being the year with the highest number of 
fatalities associated with this phenomenon. 
Similarly, it was concluded that October is the 
month with the highest number of deaths, and 
January and February, the months with the lowest 
incidence 

  
 

 
Figure 2. Lightning fatalities in Colombia 

  

B. Legal medicine statistics 

  
According to statistics from the National Institute 
of Legal Medicine and Forensic Sciences, in the 
last 10 years 329 accidental deaths caused by 
"electrofulguration" (a term used by this 
institution) were registered .[6] 
  

 

 
Figure 3.Deaths caused by "electrofulguration" 

2006-2015 

  
It is noteworthy that male victims represent 84% of 
fatalities (See Figure 4). 
  

 

 
Figure 4.Gender Composition of accidental 

deaths caused by electrofulguration (2006-2015) 

  
28 out 32 departments in Colombia, had at least one 
death case caused by "electrofulguration”. The 
Antioquia department registers the highest number 
of cases with 44 deaths in the last 10 years. 
  
C. Keraunos SAS statistics 

  
According to statistics published by the company 
Keraunos SAS [7], between January 2010 and 
April 2013, 410 lightning damage cases were 
registered in Colombia, which caused 219 injuries 
and 119 had fatal consequences. Figure 5 shows 
the distribution per month, May is the month with 
the highest number of injuries and August with the 
largest number of deaths caused by lightning. 
  



  
Figure 5.Injuries and deaths caused by lightning 

from 2010 to 2013 

  
According to Keraunos, Antioquia is the 
department with the highest number of injuries and 
deaths associated with lightning, with 34.39% of 
the 410 cases mentioned above (see Figure 6) [7] 
  

  
Figure 6. Distribution per department 

  
Complementary to the above statistics, below are 
some events that occurred in Colombia, made 
headlines and are directly associated with 
lightning. These cases are just a sample of the high 
accident rates caused by lightning in the country. 
  

 Tragedy in Sierra Nevada: lightning 

strike kills 11 natives and injures 18 

(07/10/2014) [8] 
  
"The lightning strike occurred early in 

Kemakumake, in the village of Guachaca, rural 

area of Santa Marta, when a group of 60 people, 

all men of legal age were gathered at the kunkurúa, 

a sort of temple. This event left 11 dead and 

18injured natives. " 
  

 Colombian soldier attracts lightning 

strikes (04/01/2013) [9] 
  

"Alexander Mandón is a soldier of the Colombian 

army that has been dismissed for attracting 

lightning. In the last six months Alexander has 

emerged unscathed from four lightning strikes. An 

army doctor has prescribed an unusual cure: to 

bury him to his neck ". 

 
 Tragedy in San Rafael caused by 

lightning strike (2010-05-03) [10] 
  
According to the authorities of San Rafael, 

Municipality of Antioquia, what happened was that 

a lightning struck when the crowd was praying, 

killing three people. It is estimated that 110 people 

were injured, most from hypothermia and the 

electric shock caused by the lightning strike. 

  
 Lightning strike sets oil tank on fire 

(1999-06-28). [11] 
  

"Lightning impact a tank of crude oil at the refinery 

of Ecopetrol in Mamonal, with a capacity of 70 

thousand barrels, causing a devastating fire that 

completely destroyed the tank, but without causing 

injury to plant operators. The electric shock hit the 

top of the tank, and then a loud explosion was 

heard as a prelude to flames that broke out and 
burned for a few hours. " 
  
  

III. INDICATORS 
  

Since the early 80s, the research group PAAS-UN 
of the Universidad Nacional de Colombia 
(National University of Colombia) conducts 
research on lightning. In recent years, some 
researchers have undertaken the task of obtaining 
population indices, in order to determine the 
behavior of risk management associated with 
lightning.  
  
Navarrete-Aldana obtains a mortality rate 
associated with lightning of 1.78 deaths per million 
inhabitants per year, based on data from DANE 
between 2000 and 2009. 
  
Carlos Cruz in his master's thesis [12] presents a 
rate of 2.04 deaths per million inhabitants per year, 
taking as reference DANE, DIPSE, KERAUNOS 
statistics and regional printed and virtual 
newspapers, for the years 2000 to 2012. 
  
The difference between the indices is basically 
associated with the source and the period under 
review. 

 
 
 
 
 



IV. RISK ASSESSMENT 
  

The methodology used in Colombia to assess 
lightning risk is based on the technical standard 
NTC 4552 [13] under the following concept:  
  

  
Figure 7. IEC Damage Assessment Scheme. 

  
Note: S (Source), L (Loss) and D (Damage) 

  
This methodology includes only the ground flash 
density as lightning parameter. Today more than 15 
lightning parameters are measured, [14] some of 
which have great impact, such as di/dt; therefore, it 
should be possible to include them in decision 
making with limits and margins. 
  
A correct methodology must distinguish between 
injuries and losses, and in turn the latter should be 
classified into economic, environmental, cultural, 
corporate image and information categories. This 
leads to better decision-making under uncertainty 
(see Figures 8 and 9). 
  

  
Figure 8 Limits and margins of exposure to a 

risk factor.  

 
Figure 9 Decisions under uncertainty 

  

V. CONCLUSIONS 

  
Undoubtedly, standardization and more 
specifically the issuance of Mandatory Technical 
Regulations as a factor of change in engineering 
practice do have an impact on society. Lightning 
protection has advanced significantly in Colombia 
from the issuance of the RETIE in 2005. 
  
According to DANE statistics on deaths associated 
to lightning in Colombia between 2000 and 2014, 
a clear decreasing trend can be seen in recent years 
(see Figure 10). 
  
 

 
Figure 10.Deaths caused by lightning 2000-2014 

  
Every effort to achieve safe behaviors will yield 
positive outcomes, which will result in habits and 
customs aimed at reducing accident rates figures. 
Academia and government agencies should 
intensify work to spread behaviors upon lightning 
risk. 



 It would be important to create a Lightning Risk 
Network of Informants in real time, in other words, 
share alerts on social networks, something like 
"crowdsourcing" 
  
Colombia, due to its geographical location, must 
adopt lightning risk management as a state policy. 
The current temporary certainty is of about two 
deaths per million a year. 
  
It is suggested that IEC reviews the risk assessment 
methodology, adjusting it to the lightning risk 
management scheme. 
  
Thanks to the results in research and technological 
innovation, now in Colombia there are computers 
that predict lightning strikes about 30 minutes in 
advance, in real time and with over 90% efficiency. 
This approach is being studied to be included in 
lightning risk assessments. 
 

VI. PROPOSALS FOR THE FUTURE 
  
  Lead proposals for changing the IEC 62305 
standard from the IEC National Committee for 
Colombia. 
 
 Further research on the relationship between 
the Southern Oscillation Index (SOI) and GFD, 
considering that there is SOI data available since 
the 19th century. 
 
 Correlate lightning activity with the presence 
of volcanoes, since Colombia has more than 80. 
 
 Start a network of investigators for lightning 
accidents. 
 
 Move forward on issues such as lightning 
strike prediction, risk assessment and technical 
standards for specific applications. 
 
 Include the lightning strike prediction 
parameter in risk assessment. 
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