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One of the most devastating disasters in the world 

(Images from New York Times) 



If typhoons are gone away … 

<Taeback, 2009> < Jeju, 2013> 

  Typhoon could give us wide range of benefits. 

Bangnokdam, Hallasan Mountain 
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I. Introduction 



Genesis 

Development 
& movement 

Dissipation (Extratropical cyclone) 

Rapidly change its structure    
and  Intensity : 
  Topographic force 
  Intensity change 
  Precipitation increase 
    (Wind structure) 
  Increase in loss of life  
    and property damage 

<Before landfall> <After landfall> 

Landfall 

Storm surge 

Heavy rainfall Strong wind 
Damages 

Why should we care about landfalling  TCs 

Total 327 for the last 
107 years (1904-2010) 
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Characteristics: Typhoon Frequency 

  The frequency was relatively high in the early 1960s and 2000s and now i
t is increasing from the late 1980s. 

< 5-year variation of frequency of KP-landfalling TCs > 



1950’s 

1990~2000 

1960’s 1970’s 1980’s 

1990’s 2000’s 

31.3% 
Mean Regression Track 

  9 cases   12 cases   6 cases   8 cases

  9 cases   7 cases

1990~2000  

Characteristics: Typhoon  Track 

  Mean regression track of KP-landfall TC tends to move  southeastward eve
ry decade. 

  In recent decades, a number of TC track showed directly moving to Northw
ard without landfall to China. 



Interpolation  as 2.5 by 2.5 of latitude and longitude 

  In recent decades, the southward shift of 10-year mean recurving  
   location is  clear, which is associated with the track pattern of  
   KP-landfalling TCs. 

Characteristics: Recurving Location 
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Rank Station 
(AWS) Date Max. WS 

(m/s) Typhoon 

1 Jeju(184) 2003.09.12 60.0 MAEMI 

2 Heuksando(169)  2000.08.31 58.3 PRAPIROON 

3 Gosan(185)  2002.08.31 56.7 RUSA 

4 Ulleungdo(115)  2007.09.17 52.4 NARI 

5 Ulleungdo(115) 1992.09.25 51.0 TED 

6 Ulljin(130) 1986.08.28 49.0 VERA 

7 Ulleungdo(115) 2005.09.07 47.3 NABI 

8 Jeju(184) 1959.09.17 46.9 SARAH 

9 Tongyoung(162) 1995.07.23 46.6 FAYE 

10 Ulleungdo(115) 2004.08.19 46.1 MEGI 

Rank Station 
(AWS) Date Max. Prep. 

(mm) Typhoon 

1 Gangneung(105)  2002.08.31 870.5 RUSA 

2 Jangheung(260)  1981.09.02 547.4 AGNES 

3 Pohang(138)  1998.09.30 516.4 YANNI 

4 Busan(159)  1991.08.23 439.0 GLADYS 

5 Jeju(184)  2007.09.16 420.0 NARI 

6 Namhae(295)  2003.09.12 410.0 MAEMI 

7 Haenam(261)  1972.08.20 407.5 BETTY 

8 Samcheok(214)  1971.08.05 390.8 OLIVE 

9 Dongdoocheon(098)  1999.08.01 377.5 OLGA 

10 Boryeong(235)  1995.08.25 361.5 JANIS 

Characteristics: Extreme Weather 

(Source: KMA) 

  Most maximum winds and heaviest rainfall were usually observed in     
     the southern coast of Korea before and in the moment of typhoon landfall. 

< The 10 highest winds by typhoon > < The 10 heaviest rainfall by typhoon > 



Typhoon: Damage(1) 

Month Number of typhoons (%) Number of typhoons affecti
ng Korea 

Jan.   3 ( 1.3) - 

Feb.   1 ( 0.4) - 

Mar.   2 ( 0.9) - 

Apr.   5 ( 2.2) - 

May. 14 (6.1) 1 

Jun. 17 (7.4) 2 

Jul. 31 (13.5) 7 

Aug. 55 (23.9) 9 

Sep. 44 (19.1) 9 

Oct. 29 (12.6) - 

Nov. 20 ( 8.7) - 

Dec.   9 ( 3.9) - 

Total       230 28 

   Period of TCs affecting Korea:  
     July and September 
   Total loss of property during the last  
     10 years: 10 billion U.S. dollars 

< Statistics summary (2001 – 2010) > < Total damages from weather-related 
disasters (2001 – 2010) > 

Strong 
winds 
38.5 

Heavy 
snow 
1319.2 

Typhoon 
10245.2 

Snow 
storm 
796.4 

Storm 
69.9 

Heavy 
rain  

4574.6 

(Unit : million U.S. dollars) 

60% 



[Source: National Emergency Agency] 
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Typhoon: Damage(2) 

  Typhoon RUSA was the worst case resulting in largest damage 
   corresponding to 0.72% of GDP in 2002. 
  The average of total damage was 0.1% of GDP. 



Typhoon: Benefit  
Two sides of typhoon 

Positive effects 
-  reserving water resources 
-  improving atmospheric and  
  hydrological environment 

Typhoon “Bolaven”brought a herd of hairtails ! 

- Make enrich planktons being prey of fishes 

Typhoon ‘Kanoon”also gave us presents 
- Clear sky and relieving drought 



Objectives 

Damages Benefits 

` 
Typhoon 

Reserving water resources 

Preventing/suppressing  HAB 

Improving air quality 

Cleaning water and sewage 

Strong wind(gale) 

Storm surge 

Flood 

Contagious diseases 

  Synthetically estimate the socioeconomic impacts of typhoon  
     by considering both of positive and negative effects. 



II. Socioeconomic Value Analysis  



TCID Typhoon Name Period 
0205 RAMMASUN 2002.7.4-6 
0215 RUSA 2002.8.30-9.1 
0306 SOUDELOR 2003.6.18-19 
0314 MAEMI 2003.9.12-13 
0407 MINDULLE 2004.7.2-4 
0415 MEGI 2004.8.17-19 
0418 SONGDA 2004.9.6-8 
0514 NABI 2005.9.6-7 
0610 WUKONG 2006.8.18-19 
0613 SHANSHAN 2006.9.17-18 
0704 MAN-YI 2007.7.14-15 
0711 NARI 2007.9.15-16 
0807 KALMAEGI 2008.7.19-20 
1004 DIANMU 2010.8.10-11 
1007 KOMPASU 2010.9.1-2 
1009 MALOU 2010.9.6-7 
1109 MUIFA 2011.8.6-8 

Data: Typhoon  
 < Typhoon Period > 

 < Typhoon Track > 



Evaluation Parts 
Water  

Resources Reserve water resources for  
agriculture/Industry use 

Air  
Quality 

Improve air quality by strong wind and 
washout effect 

Harmful  
Algal Bloom 

(HAB) 
Prevent HAB by mixing  warm surface with 
cold lower ocean water during the 
passage of the typhoon 

17 typhoons for  
the recent 10 years  

(2002-2011)  
Data : total mean precipitation over the whole country during the  
          influence  of each typhoon (source : KMA) 

Data : daily average concentration of four major pollutants(PM10,SO2,NOx,CO) 
          in South Korea  
          (source : National Institute of Environmental Research) 

Data : annual statistics of HAB occurrence and its impacts to fisheries  
         (source: National Fisheries Research and Development Institute)  



Water Resource(1) 

` 

 : Cyclone : 747mm (54%),         : Changma : 358.4 (25.9%),          : Typhoon : 278.3mm( 20.1%) 

Low precip.  
after Changma 

Drought  

< Total annual precipitation over the river basin in Korea 
(1998-2008) > 

  Rainfall from typhoon can contribute to reserving nati
onal water resources and alleviating autumn drought a
fter summer rainy season, Changma in Korea. 



Result 

Total mean precipitation during the typhoon influence 
* Typhoon RUSA had 160.9 mm for mean precipitation in 2002 

= 99,828 × 1,000,000 × 160.9 × 0.4 × 0.36 × 48   
 
≒ 111.0 million U.S. dollars 

A B D C E 

Water Resource(2) 

 A : Area of South Korea = 99,828 km2 (MLTM, 2008) 
 B : Mean Precipitation (mm) (KMA) 
 C : Rate of Outflow = 40% (Assumption) 
 D : Rate of Raw Water Sales = 0.36 (Assumption) 
 E : Average Costs of Water = 48 won/m (in 2009)   796.7 

 million U.S.  
dollar 



Air Quality(1) 

III II I 

IV V 

Track 

PM10 concentration (ug/m3) 
Remarks Before 

typhoon 
During typho

on 
After typho

on 

Ⅰ 39 
(-4) 

26 
(-17) 

41 
(-2) 

Affected from the rate of typh
oon movement 

Ⅱ 38 
(-5) 

21 
(-22) 

25 
(-18) 

Largest effect on improvement of air qualit
y because of larger precipitation (Typhoon -> 
Cyclone)  

Ⅲ 32 
(-11) 

26 
(-17) 

47 
(4) 

Increase in PM10 after passa
ge of typhoon 

Ⅳ 29 
(-14) 

22 
(-21) 

32 
(-11) 

Affected from the rate of typh
oon movement 

Ⅴ 30 
(-13) 

26 
(-17) 

29 
(-14) 

Continue the washout effect by much 
amount of rainfall (indirect effect) 

'06  EWINIAR

X Data

               
0

30

60

90

120

Seoul Hyoje 

X Data

               

P
M

-1
0

(µ
g

/m
3
)

0

30

60

90

120

Gangneung Okcheon

Date(mm/dd, '06yr)
07/05  07/06  07/07  07/08  07/09  07/10  07/11  07/12  07/13  07/14  
0

30

60

90

120

Busan Gijang 

※ Values in parenthesis present the difference of measurement 
    from  the mean PM10 concentration of 43ug/m3 
   (July – September for latest 5 years) 
※ (-) decrease, (+) increase 

< Types of typhoon track > 



(Source  : Gang, 2002) 

Equation 
(particle matters) Mean decreasing amount  in area of South Korea × Total area of South Korea 
× PBL height × Social marginal cost per unit mass of the particle pollutants 

99,827×106 m2  × 103 m  × 24.4 US$/kg 

(gaseous matters) Apply the above calculation after transforming concentration of gaseous pollutants  
                              to the one of the particle pollutants 

▷ Concentration of particle matters (µg/m3) = Concentration of gaseous matters (ppb, µl/m3)  
     × Molecular weight (g) ÷ Volume (l) of 1 mol gas in standard state (0℃, 1 atm) 

Before After 

Before After 

Particle pollutants(PM10) 

Gaseous pollutants(NO2) Air pollutants 
Social marginal costs p
er unit mass (U.S. dolla

rs) 

Particle PM10 26.8 

Gases 

SO2 9.2 

NOx 8.2 

CO 6.8 

Air Quality(2) 



Result 
Difference of total mean concentration for each pollutants  
between before and during the typhoon influence 

Air Quality(3) 

25.5 254.9 50.5 112.5 73.1 45.5 150.1 125.8 25.9 173.6 197.7 16.7 84.2 94.2 7.9 80.1 99.3 

1617.6 
Million  

U.S. dollars 



Typhoon Difference of concent
ration 

Economic value 
(Million dollar) Before During 

SO2 
(pbb)  4.6 4.0 0.6 24.8 

NO2 
(pbb) 21.2 16.8 4.4 119.8 

CO 
(ppb) 497.6 432.4 65.2 899.9 

PM10 
(ug/㎥) 45.0 31.8 13.2 573.1 

Result 
Difference of total mean concentration for each pollutants  
between before and during the typhoon influence 

Air Quality(4) 

1617.6 
Million  

U.S. dollars 



2002 2003 2004 2005 2006 2007 

East 
Sea 

South 
Sea 
West 
Sea 

8.31~9.01 

8.17~8.20 

9.17~9.18 9.6~9.7 

9.07 

8.18~8.19 

9.12~9.13 8.2~8.3 

9.16 
(source: National Fisheries Research and Development Institute ,2009) 

  The HAB is effectively removed by strong wind and precipitation  
    from the typhoon, which mixes  seawater  at surface with ones  
    in lower layer.  

Harmful Algal Bloom(HAB)(1) 
< Relationship between the HAB areas and typhoon influence > 



Year Number of Case  Damage 
(Million dollar) 

Control cost 
(Million dollar) 

Cause for the Disappearance of H
ABs 

2002 13 4.7 0.34 Typhoon “RUSA” 
2003 12 20.5 1.71 Typhoon “MEAMI” 
2004 6 0.1 0.02 Typhoon “MEGI” 
2005 6 1.0 0.17 Typhoon “NABI” 
2006 8 0.1 0.01 Typhoon “WUKONG” 
2007 18 11.1 0.61 Typhoon “NARI” 
2008 25 0.0 0.0 Decrease in water temp. 
2009 10 0.0 0.0 None of typhoons 
2010 - - - None of HABs 
2011 - - - None of HABs 

2.9 
million  

U.S. dollars 

Result Regarding annual mean damage of HAB in each year as the prevention/s
uppression effect of typhoon 

Harmful Algal Bloom(HAB)(2) 



III. Summary 



Socioeconomic Benefit 

Total value of benefit : 2.4 billion U.S. dollars 
(2002 - 2011) 

Reserving water  
resource 

796.7 million  
U.S. dollars 

Preventing/suppressing  
HAB occurrence 

2.9 million  
U.S. dollars 

Improving air quality 
1617.6 million  
U.S. dollars 



        Storm Surge 

      Strong Wind 

      Flood 

        Harmful Algal  
      Bloom(HAB) 

 

        Air Quality 
 

         Water Resource 
 

Damage :  
10.1 billion dollar 

( NEMA, 2012) 

Economic value : 
2.4 billion dollar 

$ 796.7 M  

$ 1617.6 M 

$ 2.9 M 

Negative Positive 

~ 
4 times 

Seawater 
quality 

Harmful 
Insects 

Washing out 
road 

Ecological 
Effect 

Based on statistics of  the 
recent  

10 years 
(2002-2011) 

Socioeconomic  Impacts: Damage vs Benefit 



Negative impacts 

Reserving water resource 

Improving air quality 

Preventing/Suppressing HAB occurrence 

Making better water environment 

Revitalizing ecosystem 

Flood and land slide from heavy rainfall 

Infrastructure destruction from 
strong wind 

Loss of lives and properties in coastal  
region from storm surge 

Accurate forecast of typhoon 

Effective measures for mitigation 
of typhoon damage 

Positive impacts 
  Prepare accurate standards for  
  damages and benefits based on the  
  frequency and intensity of typhoon 
  Build strategies for minimizing  
  damages and maximizing benefits 

Minimizing typhoon damages 

Development of  valuation process of 
 positive aspects and its application 

Supporting decision-making  

Future Works(1) 



Systematic assessment to precipitation
 (1mm) 

(Soil Moisture: Wet vs Dry) 

Droughts Floods Heat waves 

1mm 

Cooperation is needed for interdisciplinary study 
(Only NIMR  Corporation with other institutes) 

Future Works(2) 



Thank you for your attent

ion. 

 
bjkim@kma.go.kr 

BOLAVEN (2012) 


