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Abstract : One of the most important meteorological parameters affecting road users and their 
safety is fog. This study develops the hazardous fog index which quantifies the degree of 
danger depending on frequency of fog, visibility and its duration. We applied this index to 
Korea with 3 years weather station data in order to investigate the distribution of the 
hazardous fog and found that these application results were useful for identifying the 
dangerous area due to hazardous fog. Also we prove that these application results are more 
realistic and practical than the existing fog area index. Hazardous Fog Index may be useful 
tool to provide the nationwide ranks of dangerous fog prone areas to the decision makers and 
the Index may be applied to the examination of fog-related black spots along all the major 
roads and expressways in Korea. 
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1. INTRODUCTION 
 
The most important meteorological parameters affecting road users and their safety are 
rainfall, snow, ice, fog and wind. Fog is relatively rare event compared with weather related 
events and the number of accidents occurring in fog is very small. However, the percentage of 
fatalities and seriously injured persons as well as the number of vehicles involved in each fog 
accident are much higher than average. According to traffic accident statistics in Korea, only 
0.3% of total accidents occurred in fog while 87.9% occurred in clear sight. The fatalities in 
fog, however, is 11.2 while those are 3.3 in clear sight, 4.1 in rain and 4.2 in snow. Also the 
number of cars involved in fog related accident is higher than average, which causes higher 
social and economic cost from fog related accidents.  
 
The reason why fog may cause traffic accident is related to drivers’ poor visibility. Thick fog 
cause poor visibility, which increases stopping distance. More than half the number of drivers 
was exceeding the speed and they do not have enough response time to the sudden obstacles 
which confront them. These conditions under poor visibility may increase possibility of traffic 
accidents. Also due to the poor visibility, following cars are difficult to avoid the collision 
from the forward accidents they haven’t noticed which increase the number of car involved in 
a traffic accident.  
 
Fog has not been a significant issue in Korea nor attracted notable media attention. However, 
there was a multi-vehicle accident where a total of one hundred vehicles were involved in 
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Jayuro in Feburuary 2001 where fog was the contributing environmental element. This 
incident led a research project created. The two years project, “Safety Management systems 
development in Fog-prone Area was conducted as the Ministry of Construction and Transport 
R & D project. The aim of the project is to investigate locations and characteristics of 
fog-prone area in Korea and to develop the safety management system in fog-prone area. A 
part of this project we develops the fog index for identifying the dangerous location due to 
reduced visibility in order to ranks them according to their degree of danger.  
 
The existing researches related to fog in Korea mainly focus on fog itself and fog spatial 
distribution. Few researches focus on fog as the potential danger factor to traffic accidents. 
This study defines the road hazardous fog as the fog which reduces visibility and may cause 
the severe dangerous situation on roads and may affect traffic accident due to the poor 
visibility. This study develops the hazardous fog index which quantifies the degree of danger 
based on frequency of fog, visibility and its duration. We apply this index to Korea with 3 
years weather station data in order to investigate the distribution of the hazardous fog and find 
whether the HFI is the useful tool to identify the fog prone areas and to quantify their degree 
of danger due to reduced visibility across seasons. Also the application of HFI may provide 
the practical list of fog prone areas and theirs ranks to be managed for safety management 
systems. 
 
 
2.  LITERATURES 
 
 
The existing researches related to fog in Korea have focused on fog itself and its distribution. 
Kim and Lee(1970) is the first study about the fog prone area in Korea and they established 
eight categories of fog prone areas depending on fog occurrence factors based on fog data 
between 1931 and 1960. Min (1976) in particular focused on fog on Kyoungbu Highways. He 
used the fog data between 1931 and 1960 and divided the fog prone area in details based on 
fog characteristics on highways. Heu(1997) used the fog data between 1961 and 1990 
including fog occurrence and durations and investigated the spatial characteristics of fog 
distribution in Korea. She defined the four categories of fog prone areas and analyzed their 
characteristics.    
 
Few researches are interested in dynamic and localized fog and its distribution. In Korea we 
have used the number of days with fog as the fog prone area index. No research investigates 
the fog index to quantify the danger of fog in Korea. 
 
Chandler (1977) developed the fog potential Index to quantify the effects of the radiation fog 
with visibility less than 200m. The general model thus aims to assess the potential of a given 
location for thick radiation fog. The Fog Potential Index Ip expresses the susceptibility to 
thick radiation fog of a given location p in terms of a numerical index I which has a range of 
values between 1 and 100.  

 
                         I p = f (d w , t p , s p , e p )                             (1) 

 
d w  = distance of the location p from standing surface water and its spatial extent 
t p = a function of the local topography at point p, incorporating such factors as the form of the 
local topography 
s p = a function of the road site topography at point p, expressing the form of the road at that 
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point 
e p = incorporates a general expresio of any environmental features  
 
It was developed to try to predict likely fog blackspots along proposed lines for the 
Stoke-Derby Link Road. It was also used to predict the likelihood of radiation fog at two 
alternative locations for the crossing of the River Gade in Hertfordshire by the M25 London 
Outer Orbital Route. The Fog Potential Index model represents a first attempt at the 
prediction of the spatial variation of thick radiation fog. The values of the Index provide 
coarse estimates for the potential for thick radiation fog at particular locations. In 1980 it was 
also used to investigate the fog problem along M1 in Yorkshire between Kirkhamgate and 
Dishforth.  
 
 
3.  VISIBILITY DATA  
 
 
In this section we briefly explain the fog measurement methods and measurement units. Brief 
summary of data collection is given.  
 
 
3.1  Visibility 
 
 
Visibility is officially defined as the greatest distance at which a black object of suitable 
dimensions may be seen and recognized against the horizon, sky, or in the case of night 
observations, could be seen and recognized if the general illumination were raised to the 
normal day light level (Meteorological Office 1969). Visibility is the term employed when 
observers determine the distance to black objects, visibility oboards, landscape features on the 
horizon or light. For all practical purposes these are the same.  
 
The international classification of the various categories of visibility is given in Table 1. If the 
visibility is less than 200m the fog is described as thick fog, and if if falls below 40 it is 
described as dense fog(Meteorological Office 1969). Thick fog represents the most important 
visibility range for road users.(Moore and Cooper 1972). White and Jeffery(1980) reported 
that drivers become particularly sensitive to the hazard when the visibility falls below 150m. 

 
Table 1 International Classification of Visibility (MeteorologicalOffice1969) 
 

Visibility Description Visibility Description 
Less than 40 m Dense Fog 2 ~ 4 km Haze 

40 ~ 200 m Thick Fog 4 ~ 10 km Poor Visibility 
200 ~ 1000m Fog 10 ~ 40 km Good Visibility 

1 ~ 2 km Mist More than 40 km Excellent Visibility 
 
 

The typical source of visibility data is from the records of existing standard meteorological 
observing stations and climatorogical stations. Visibility is not easy to measure. The methods 
of observing visibility from meteorological stations are divided into two: one for manual 
observation and the other for automated visibility recording equipment. There are 72 manual 
observation stations across Korea. They record visibility every three hours.  
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3.2  Data 
 
For this study we need detailed fog data including the annual number of days of fog 
occurrence, starting and ending time of fog, and its duration as well as its visibility. The 
general information released to the public only includes the annual days of fog and fog 
duration. The 72 manual observation stations across Korea gather detailed weather 
information including fog visibility. They record them and send it to the National 
meteorological office automatically. So we asked the national meteorological office for the 
detailed fog related data between 1998 and 2000 including visibility.  
 
 
4.  FOG CHARACTERISTICS ANALYSIS 
 
 
The annual number of days with fog has been mainly used as the index for the fog prone area 
in Korea. The number of days with fog represents only the frequency of fog occurrence, 
which may be indirectly related to the danger of the fog. However, it does not indicate the 
extent to which fog may influence on traffic accidents on roads. This study aims to develop 
the road hazardous fog index to quantify the degree of danger fog may cause on roads due to 
reduced visibility. In order to select the parameters for the index, we analyzed the various 
characteristics of fog. The analysis results are used for index development.  

  
 

4.1  Annual number of days with fog  
 
 
The annual numbers of days with fog of 72 stations are omitted in this paper because of space 
limitation. Total 19 stations show more than 50 average annual number of days with fog in 
three years. Among them, Daekwanryung is the highest with 142 days. The rest of them are 
Chungju(84), Jangsu(67), Kanghwa(65), Dongduchuan(63), Youngoul(63), Buyou(60), 
Yangpyung(58), Chunchuan(57), Kumsan(55), Kyuchang(54), Hapchun(53), Andong(53), 
Seukyupo(52), Buwan(52), Sunchun(52), Uylryungdo(50), Suwon(50), and Jechun(50). 
 
Seasonal variation shows that the average annual number of days with fog is higher in 
Summer and in Autumn than in Spring and in Winter. The number of days in fog are higher in 
land than in seaside, for example, Daekwanryung, Chungju, Dongduchuan, Andong, and 
Kyuchang. In general, Kwangwon-Province including Daekwanryung, Chunchuan and 
Youngoul shows higher annual number of days with fog except the winter. In winter, 
Kyoungye-Province shows higher number of days with fog such as Kanghwa, Suwon, Inchon 
and Yangpyung. Figure 1 display the contour lines of fog occurrence days on October and 
November when the fog is the most severe in Korea. 
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 Figure 1.  Distribution of Fog Occurrence Days in October 

 

 
Figure 2.  Distribution of Fog Occurrence Days in November 
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4.2  Fog Starting Time and Ending time 
 
Fog starting time and ending time is also very important factor to influence on the road safety 
as well as the number of days with fog. Therefore, we analyzed the patterns of fog starting 
time and ending time. In this analysis we focus on the fog wih less than 500 m visibility. Most 
of the fog (96.7%) occur immediately after sunrise : 20.1% of fog starts at 5 a.m. and 23.7% 
starts at 6 a.m.. Only 3.3% of fog starts between 10.a.m. and 24 a.m. which indicates that fog 
is able to start at any time even though the percentage is very small. The fog is likely to start 
between sunrise and 10 a.m. and the most frequent starting time is 6 a.m. In particular, the fog 
with less than 100m visibility is more likely to start at 6 a.m. (63.7%).  
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Figure 3 Distribution of Fog Starting Time (Less than 100 m Visibility) 

 

1.8

5.1

8.3 7.8

16.5

24.6

20.6

10.6

1.6
0.6 0.2 0.3 0 0 0 0 0 0 0 0.3 0.2 0.1

0.9 0.5
0

5

10

15

20

25

30

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

starting time (hr)

fr
e
q

u
e
n
c
y
 (

%
)

 
Figure 4 Distribution of Fog Starting Time (100 ~200 m Visibility) 
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The distribution of the fog ending time shows that the most of the fog ends at 10 a.m. and its 
ending time is mainly between 6 and 7 a.m. The analysis of the relationship between the fog 
ending time and visibility shows that the fog with poor visibility is more likely to end between 
6 a.m. and 7 a.m. In particular, more than 64% of the fog under 100 m visibility ends at 6 a.m. 
and 7 a.m. 
 
The above analysis of the fog starting time and ending time shows that the distribution 
patterns of fog starting time and ending time are similar regardless of its visibility, indicating 
the fog starting time and ending time does not explain the effects of thick fog on road users. 
Therefore, we conclude that it is better not include the fog starting time and ending time as the 
parameters for the hazardous fog index but to consider the fog duration as the parameter 
instead.  
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Figure 5 Distribution of Fog Ending Time (Less than 100 m Visibility) 
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Figure 6 Distribution of Fog Ending Time (100 ~200 m Visibility) 
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4.3  Fog Duration 
  
The fog duration pattern with visibility shows that as the duration of fog increases, the 
percentages of fog occurrence frequency decreases rapidly. About an hour stay of the fog is 
30.8%. Two hours to four hours stay are more than 10 % each. However, 1.6% of fog stays 
more than 10 hours. Sometimes all day long fog stays. The relationships between the visibility 
and duration show that 68% of the fog with less than 100m visibility stays an hour. More than 
28% of the fog with less than 100m visibility stays two to five hours. More than 43% of the 
fog with less than 200 m and more than 100 m visibility stay about an hour. Only 3 % of the 
fog stays more than 6 hours and few fog stays more than 9 hours.  
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Figure 7 Distribution of Fog Duration Time (Less than 100 m Visibility) 
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Figure 8 Distribution of Fog Duration Time (100 ~200 m Visibility) 
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5.  DEVELOPMENT OF HAZARDOUS FOG INDEX : HFI 
 
 
The average number of days with fog has been used mainly as the index for the fog prone area 
in Korea. However, in order to identify the hazardous fog and quantify its degree of danger, 
we need to consider various parameters such as the visibility and fog duration as well as the 
days of fog occurrence. In this section, we developed the Hazardous Fog Index of which 
various parameters affects on road safety and applied it to the three years fog record data.   
 
5.1  Definition of HFI 
 
We developed fine the Hazardous Fog Index (HFI) which quantifies the degree of danger of 
fog due to reduction of visibility based on the analysis of fog characteristics. The first 
parameter of HFI is the average annual days of fog occurrence (D), which shows the 
frequency of fog. We used the normalized average annual days of fog occurrence(ON). The 
dynamic characteristics of fog such as starting time and ending time as well as the annual 
days of fog are related to their effects on traffic flow and road safety. We analyzed its 
characteristics in previous section and found that the starting time and ending time showed 
similar patterns regardless of visibility reduction. Therefore we considered the duration of fog 
instead of the starting and ending time. Fog duration and its visibility are related closely and 
its combination may have different effects on road safety. For example, short stay of thick fog 
may affects drivers on road much seriously than long stay of fog.  Analysis of fog duration 
showed that most fog stayed about an hour, in particular, 68.2% of the fog with less than the 
100m visibility finished in an hour. Also, the thicker fog is, the shorter fog stays. The 
distribution of fog duration showed that its critical points are 1, 4, 8 hour and it rapidly 
decreases after 9 hours. Therefore, based on this distribution, we define the weights of fog 
duration parameters (WT) as four classes: four for more than eight hours stay; three for less 
than eight hours and more than four hours stay; two for less than four hours and more than an 
hour stay and one for less than an hour stay.  
 
The final and the most important parameter is the visibility of fog. We defined the visibility 
weights (Ws) based on the data. The fog record data shows that the distribution of the 
visibility are concentrated on certain numbers such as 400m (37.3%), 250m(1.3%), 
150m(31.7%), 50m(29.7). Therefore, we used those as the range of the visibility in the index 
and the weights of the visibility increases as the visibility decreases.    
 
 
5.2  Hazardous Fog Index 
 
The Hazardous Fog Index (HFIp) expresses the degree of danger of fog due to reduced 
visibility at a given location p.  Hazardous Fog Index (HFIp) is defined as the function of the 
average annual days of fog occurrence, fog duration and its visibility, which indicates how 
often and how long dangerous fog occurs. HFI is expressed in general terms by an expression 
of the equation 2. The variables which determine HFI are not of equal importance and 
weighting factors are applied to each. The Hazardous Fog Index HFI has a range of values 
between 0 and 32.  
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HFIp =  (2+ On /2) * WT * WS      (2) 
 

where  On : expresses the normalized the average annual days of fog occurrence 
WT : Weights of fog duration.   

4,  longer than 8 hours;  
3 between 4 and 8 hours ;  
2 between 1 and 4 hours;  
1 shorter than 1 hour 

 WS : Weights of reduced visibility due to fog 
4,  visibility less than 50 m 
3  50 m<visibility <=150m 
2 ,  150m  < visibility <= 250 m 
1,  250 m <visibliry <= 500 m 
0,  visibility> 500m 
 
 
 
 

6.  APPICATION OF HARZARDOUS FOG INDEX  
 
We applied the HFIp to the fog record data explained in section 3 and calculated the values of 
HFIp for every meteorological station in Korea and for every season because of seasonal 
variance of fog. The results are summarized in Table 2 and Figure 5. Only Daekwanryung and 
Uylryungdo have higher than 6 HFIp values. Daekwanryung shows the highest values of HFIp 
6.9 in spring, 13.8 in summer, 7.6 in autumn. Uylryungdo has the very high value of HFIp 
(7.5) in Summer. Jinju, Yangpyung, Youngoul, Andong and Sunchun have higher than 4 HFIp 
in Autumn. Eight stations show higher than 3 HFIp across all seasons which is a nineth of total 
stations.  

 
Table 2. Application of Hazardous Fog Index 

 
HFI Station Spring Summer Autumn Winter HFI Station Spring Summer Autumn Winter

6 ~ Daekwanryung 6.9 13.8 8.0 1.9 Chungju 0.0 0.0 2.2 0.3
 Ulryungdon 3.0 7.5 0.0 0.0 Kunsan 2.6 0.2 1.5 0.7

Jinju 2.4 1.5 5.0 0.8 Huksando 2.5 1.4 0.0 0.05 – 6 
Yangpyoun 0.4 0.5 5.1 1.4 Gochung 1.7 2.0 0.0 0.0
Youngoul 0.8 1.3 4.0 0.6 Hongchun 0.4 0.4 2.3 0.7
Andong 0.1 0.6 4.4 0.8 Boeun 0.0 0.6 2.7 0.1

4 ~ 5 

Sunchun 1.0 1.1 4.7 0.7 Kumsan 0.6 0.7 2.4 0.3
3 ~ 4 Ichon 1.1 0.1 3.8 1.7 Imsil 1.7 2.0 2.8 0.3

Chulwon 0.4 0.0 2.5 0.3 Namwon 0.5 0.5 2.2 0.1
Dongduchon 1.0 0.1 2.2 0.7 Jangheung 1.1 1.3 2.3 0.1

Chunchun 0.0 0.0 2.5 0.9 Chunyang 0.5 1.1 2.1 0.0
Inchon 2.4 1.7 0.0 0.5 Yeusung 0.0 0.6 2.0 0.0

2 ~ 3 

Wonju 0.2 0.0 2.3 0.2 

2 ~ 3

Guchang 0.3 1.0 2.6 0.1
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Figure 9  Distribution of Hazardous Fog Index (Spring)  
 

 

 
Figure 10  Distribution of Hazardous Fog Index (Summer)  
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Figure 11  Distribution of Hazardous Fog Index (Autumn) 
 

 

 

Figure 12  Distribution of Hazardous Fog Index (Winter) 
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In order to validate the HFI and to see whether the HFIp is differentiated from the existing 
number of days with fog, we compared the ranks of fog prone areas between according to the 
existing number of days with fog and according to HFIp. Daekwanryung is the first between 
order from the HFI and the order from the number of days with fog. However, the ranks from 
the number of days with fog show the many locations have between forty and sixty days with 
fog and their difference is within 5 days, which makes it difficult to differentiate its ranks of 
fog prone area among locations. It is also doubtful whether these small difference between the 
locations such as 1 or 2 days with fog represents which location is more likely fog prone area 
or not.  

 
For the correlation analysis between the ranks of fog prone area from HFI and those from the 
number of days with fog, we applied Spearman’s rank(rs) to them, which is used for rank’s 
correlation analysis. The values of ranks are replaced by the average and the equation 3 has 
been applied. The result is 0.57 which indicate that there is positive correlation between those 
ranks. In order words, the higher the ranks of HFI are, the higher the ranks of the days with 
fog. However, the value is only 0.57 which indicate there is still difference between those 
ranks.   
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The comparison of fog characteristics in each station makes the difference clear. In particular, 
as the difference between those ranks is bigger, it is getting clearer to validate the HFI. 
Examples of the big difference between those ranks are shown in Fig 13. Uylryungdo is the 
second in HFI’s rank and HFI values indicates that hazardous fog occur in summer more than 
any other places. However, Uylryungdo is the thirteenth place in the ranks from the days of 
fog and the number of days with fog is only 50 days. Jinju and Yangpyung have higher than 5 
HFI in autumn, indicating the thick fog occurs often and stays longer. But, the ranks from the 
number of days with fog show that there are 46 days with fog in Jinju and 58 days with fog in 
Yangpyung. In particular, Ichon is the interesting. The HFI value of Ichon in autumn is 3.8 
indicating very dangerous fog occurrence and also those of winter and spring is higher than 
1.0. However, the number of days with fog is only 35 days which is relatively not noticed as 
the fog prone area. In site observation, there are a number of black spots due to thick fog and 
a lots of traffic accidents black spots due to fog, which needs to be intensively managed as the 
dangerous fog prone area. Kanghwa is the other extreme example of the spectrum. The HFI 
values indicates that there is no dangerous fog (less than 500 m visibility) occurred in 
Kanghwa and the value is 1.2 in Spring. However, the annual number of days with fog is 65 
days which is the forth in the ranks. The annual numbers of days with fog are 53 days in 
Milyang and 52 days in Sekuepo and their ranks are eleventh and twelfth. But in Milyang, 
there is no fog with less than 500 m visibility in Spring and Summer and the values of HFI in 
autumn and winter are less than 0.2.Sekuepo is also the same. Its HFI value was only 0.09 in 
spring. Inje is the seventeenth with 45 days with fog but there is no fog with less than 500 m 
visibility all year around. According to the examples above, we found that there are relatively 
huge difference between the ranks from the annual average numbers of days with fog and the 
ranks from HFI. These results indicate that the existing number of days with fog is not the 
proper index for identifying the fog prone area in terms of its degree of danger and the 
location with the high number of days with fog is not the place to be managed for the safety 
management systems. Also these results validate that the HFI is the useful tool to identify the 
fog prone areas and to quantify their degree of danger due to reduced visibility across seasons. 
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We can reach the conclusion in which the HFI is the practical index and the application of 
HFI provides the list of fog prone and theirs ranks to be managed for safety management 
systems.   
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Fig 13. Comparison of Ranks between HFI and the Numbers of Days with Fog 

 
 
 
7.  CONCLUSION AND FURTHER STUDIES 
 
 
The existing researches related to fog in Korea mainly focus on fog itself and fog spatial 
distribution. This study defined the road hazardous fog as the fog which reduces visibility, 
may cause the severe dangerous situation on roads and may affect traffic accident due to the 
poor visibility. This study developed the hazardous fog index which quantifies the degree of 
danger of fog due to reduced visibility based on the analysis of fog characteristics. The 
Hazardous Fog Index (HFIp) was defined as the function of the average annual days of fog 
occurrence, fog duration and its visibility indicating how often and how long dangerous fog 
occurred.  
 
We applied this index to Korea with 3 years weather station data in order to investigate the 
distribution of the hazardous fog. Daekwanryung shows the highest values of HFIp.in Korea 
regardless of seasonal variance. The comparison of seasonal variance of HFIp shows that 
Autumn has higher HFIp s than any other seasons across Korea. In order to validate the HFI, 
we compared the orders of fog prone areas between according to the existing number of days 
with fog and according to HFIp. The results show that the existing number of days with fog 
has not played a role as the proper index for identifying the fog prone areas in terms of its 
degree of danger and the location with the high number of days with fog is not the place to be 
managed with the safety management systems. Also these results validate that the HFI is the 
useful tool to identify the fog prone areas and to quantify their degree of danger due to 
reduced visibility across seasons. We can reach the conclusion in which the HFI is the 
practical index and the application of HFI provides the list of fog prone and theirs ranks to be 
managed for safety management systems.   
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This is the first study that defined the differentiated hazardous fog as the dangerous fog on 
road safety and developed the quantitative index in Korea. It is also notable that the selection 
of the parameters of the index and their weights were based on the analysis of fog 
characteristics in Korea. It is also important that the developed index is differentiated from the 
existing number of days with fog index in terms of identifying the fog prone areas and 
quantifying its degree of danger.   
 
The Hazardous Fog Index may be useful tool to provide the nationwide ranks of dangerous 
fog prone areas to the decision makers for introducing the safety management systems. The 
Hazardous Fog Index may be applied to the examination of fog black spots along all the 
major roads and expressways in Korea. If the detailed fog related data is available, the 
Hazardous Fog Index may be applied to predict fog problems along selected areas and to 
select a proposed routes among alternatives.   
 
The limitations of this study are due to the lack of valid data. The data used in this study are 
only 3 years data and were obtained from the national meteorological office. The continuous 
detailed fog data collection is necessary to validate the HFI index. Also the detailed fog data 
along specific routes enables to identify the fog black spots location and to predict the 
potentially dangerous spots. Test of application results of Hazardous Fog Index may be 
further study items against in situ observations of visibility and accidental records.  
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