
Comparison of Wind Hazard Curves from Observation-Based Extreme Value Analysis and 
Typhoon Logic-Tree Simulation for Korean Nuclear Power Plant Sites 

 
Jeong-Gon Ha a*, Beom-Jin Kim a, Daegi Hahm a, Minkyu Kim a 

aStructural and Seismic Safety Research Division, Korea Atomic Energy Research Institute, 111, Daedeok-Daero 989 
beon-gil, Yuseong-gu, Daejeon, Korea 

*Corresponding author: jgha@kaeri.re.kr 
 
*Keywords : wind hazard curve, wind speed, extreme value analysis, typhoon simulation, logic tree approach 
 
 

1. Introduction 
 

Extreme wind is one of the external hazards that 
should be addressed in the design and safety assessment
 of nuclear power plants. The wind hazard at a site can b
e evaluated by various methods, ranging from statistical
 analysis of observed wind speeds to probabilistic simul
ation of storms; among these, two approaches are select
ed for comparison. The first is a direct extreme value an
alysis of long-term meteorological observations, which i
s the basis of the fixed formula adopted in the stress test
 reports for the operating plants. The second is a probabi
listic typhoon wind hazard analysis, in which a large nu
mber of synthetic typhoons are generated by Monte Car
lo simulation and the resulting site wind speeds are asse
mbled into a hazard curve through a logic tree. The latte
r approach has been developed for Korean sites in a seri
es of studies [1, 2], but it has remained a research metho
d and has not been used in regulatory assessments. 

The two approaches differ in what they represent. T
he observation-based curve reflects all causes of strong 
wind at the observing station, but its extrapolation to an
nual exceedance probabilities far below the inverse of t
he record length is uncertain. The typhoon simulation is
 physically based and can be extended to very low frequ
encies, but by construction it accounts for typhoon wind
s only.  

In this study, the two approaches are applied to the f
our operating nuclear power plant sites in Korea and co
mpared on identical hazard-curve axes, together with th
e fixed-formula values published in the stress test and w
ith an independent typhoon simulation study reported fo
r the Mokpo area near the Hanbit site [3].  
 

2. Methods 
 
2.1. Observation-based extreme value analysis 
 

Annual maxima of the daily maximum 10-minute m
ean wind speed were extracted from the ASOS records 
of the Korea Meteorological Administration for the stati
ons adopted in the stress test, and a Gumbel distribution
 was fitted by the maximum likelihood method, for dire
ct comparability with the fixed formula of the stress test
. For each site, the station giving the highest hazard is ta
ken as governing. 

 
2.2. Typhoon logic-tree simulation 
 

The typhoon wind hazard was computed by Monte 
Carlo simulation with a logic tree, following Choun and
 Kim [1] and Kim [2]. Typhoons passing within 300 km
 of each site were extracted from the RSMC Tokyo best
-track data, and a twelve-branch logic tree was formed f
rom two distributions of the central pressure deficit, thre
e values of the radius of maximum winds, and two form
ulations of the Holland B parameter. Ten million synthe
tic typhoons were generated for each branch, and the an
nual exceedance probability was obtained from the grad
ient wind field converted to the 10 m level with a Poisso
n occurrence model. The implementation reproduces the
 published hazard curves of [1] at the Hanbit site. 
 
2.3. Basis of comparison 
 

All results are given as 10-minute mean wind speed 
at a height of 10 m, and the 10,000-year wind speeds pu
blished in the stress test are shown as markers. Anemo
meter heights were not adjusted and the observed annua
l maxima were not separated by meteorological cause. 
 

3. Results and Discussion 
 

Figs. 1 and 2 compare the results at the Hanbit and t
he Kori sites, respectively. 

 
Fig. 1. Wind hazard curves at the Hanbit site.  



 
At both sites the observation-based curve of the gov

erning station lies above the mean curve of the typhoon 
simulation, and above the upper edge of its one-standar
d-deviation band, over the whole range considered; the 
separation widens as the exceedance probability decreas
es. At the Hanbit site the independent typhoon simulatio
n of Kang et al. [3], reported for the Mokpo area near th
e site, falls in the same range as the present logic-tree re
sult and likewise below the observation-based curve of t
he coastal station. The wind speeds published in the stre
ss test lie close to the observation-based curves. The sa
me tendency was obtained at the Hanul and the Wolson
g sites. 

 
Fig. 2. Wind hazard curves at the Kori site. 
 

Over the range examined the observation-based esti
mates are therefore generally larger, and in this sense th
e observation-based analysis, as applied here, provides a
n upper bound to the typhoon wind hazard curve. This i
s consistent with the observed annual maxima including
 strong winds of all causes whereas the simulation repre
sents typhoons only. 

The comparison is, however, sensitive to the station 
selected. At the Hanbit site the inland station falls belo
w the typhoon-based mean over most of the range, rever
sing the ordering, whereas the coastal station of the sam
e site gives the highest curve; the spread between two st
ations of one site exceeds the difference between the tw
o methods. 
 

4. Conclusions 
 

Wind hazard curves at the operating nuclear power p
lant sites in Korea were computed by an observation-ba
sed extreme value analysis and by a typhoon logic-tree 
Monte Carlo simulation, and were compared with the va
lues published in the stress test. Over the range examine
d the observation-based curves are generally higher, so t
hat the observation-based analysis, as applied here, prov
ides an upper bound to the typhoon wind hazard; the co
mparison is nevertheless sensitive to the exposure of the
 station adopted for a site. 

Only the Gumbel distribution was used, and the obs
erved annual maxima include both typhoon and non-typ
hoon events, so that the difference between the two appr
oaches cannot yet be attributed to a single cause. Separa
ting the observed extremes by meteorological cause and
 correcting for anemometer height remain as further wor
k. 
 

Acknowledgement 
 

This work was supported by the National Research 
Foundation of Korea (NRF) grant funded by the Korea 
government (MSIT) (No. RS-2022-00144493). 
 

REFERENCES 
 
[1] Y. S. Choun and M. K. Kim, Logic Tree Approach f
or Probabilistic Typhoon Wind Hazard Assessment, Nu
clear Engineering and Technology, Vol. 51, No. 2, pp. 6
07-617, 2019. 
[2] G. Kim, S. Kwag, Y. Choun, and S. Eem, Probabilis
tic Typhoon Hazard and Sensitivity Analysis for Nuclea
r Power Plant Sites in Korea Using Logic Tree, Progres
s in Nuclear Energy, Vol. 176, p. 105347, 2024. 
[3] J. W. Kang, Y. S. Kim, S. D. Kwon, and Y. S. Chou
n, Generation of a Standard Typhoon Using for Surge S
imulation Consistent with Wind in Terms of Return Peri
od, Journal of Korean Society of Coastal and Ocean En
gineers, Vol. 28, No. 1, pp. 53-62, 2016 (in Korean). 
 


