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सार – दु नया के अ य ह स  क  तुलना म ए शया- शांत े  के देश  म ाकृ तक आपदाओं का खतरा अ धक है। 

ए शया- शांत े  म सबसे सामा य कार क  आपदाएं उ णक टबंधीय च वात  (ट सीएस) से होने वाले दु भाव  स े
जुड़ी ह। जलवायु प रवतन, आ थक और जनसं या वृ ध उ णक टबंधीय च वात  क  आवृ  और चंडता दोन  क  
वृ ध म योगदान कर रहे ह। इस शोध प  म 2007-2017 क  अव ध के उपल ध आंकड़  के आधार पर ESCAP / WMO 
टाइफून स म त के सात सद य  के भीतर उ णक टबंधीय च वात  के बनने क  वशेषताओ ंका अ ययन तुत कया 
गया है। इस अव ध के दौरान, 167 उ णक टबंधीय च वात  के थल वशे से 17059 लोग हताहत (मतृ और लापता) 
और 44492 लोग घायल हुए, 271 म लयन लोग भा वत हुए और 101.89 ब लयन अमर क  डालर (2010) क  संप  
का नुकसान हुआ। उ णक टबंधीय च वात  के थल वेश क  इन वशेषताओं क  जांच करके, लेखक  को आशा है क 
इस अ ययन के न कष टाइफून स म त े  के भीतर सरकार  और जनता के बीच उपयोगी जानकार  दान करगे और 
साथ ह  बेहतर आपदा रोकथाम और तैयार  के लए भावी अंतरा य और े ीय सहयोग के बारे म जाग कता 
बढ़ाएंगे।  

 
ABSTRACT. Countries in the Asia-Pacific region are more prone to natural disasters than those in other parts of 

the world. The most common types of disasters in the Asia-Pacific region are associated with impacts caused by tropical 
cyclones (TCs). Climate change, economic and population growth are contributing to an increase in both the frequency 
and severity of TCs. This paper studies the characteristics of TCs making landfall within seven Members of the 
ESCAP/WMO Typhoon Committee based on available data from 2007-2017. During this period, 167 landfalling TCs 
resulted in 17059 casualties (dead and missing) and 44492 injured, affected the lives of 271 million people and caused 
101.89 billion USD (2010) in damage. By examining the characteristics of these landfalling TCs, the authors hope the 
findings of this study will provide useful information to the governments and the public among Members within the 
Typhoon Committee region as well as to raise awareness of effective international and regional cooperation for improved 
disaster prevention and preparedness.  

  
Key words – Landfalling tropical cyclones, Socioeconomic impacts, Asia-Pacific region, Disaster prevention and 

preparedness. 

 
1.  Introduction 
 
 Tropical cyclones (TCs) are one of the world’s most 
devastating natural events, causing significant casualties 
and billions of losses each year within the coastal regions. 
Around 80-90 TCs form globally every year (Frank and 
Young, 2006) and the Asia-Pacific region is one of the 
most active areas with 20-30 TCs annually (Mohanty and 
Gopalakrishnan, 2016). 
 
 In 2013, the United Nations Intergovernmental Panel 
on Climate Change (IPCC) indicated in its Fifth 
Assessment Report that climate change poses clear 

implications to the frequency and intensity of high-impact 
weather (IPCC, 2013). A number of studies also indicate 
increasing trends in the frequency of intense TCs in the 
Northwest Pacific (Elsner et al., 2008; Holland and Cindy, 
2014; Kang and Elsner, 2012)  
 
 In view of this, the United Nations Economic and 
Social Commission for Asia and Pacific (UNESCAP) and 
the World Meteorological Organization (WMO) Typhoon 
Committee has evolved into a collaboration of 14 Members 
(Cambodia; China; Democratic People’s Republic of 
Korea; Hong Kong, China; Japan; Lao People’s Democratic 
Republic; Macao, China; Malaysia; the Philippines; 
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Republic of Korea; Singapore; Thailand; Socialist 

Republic of Viet Nam and the United States of America).  

 

 The Typhoon Committee has growing concern 

regarding the possible impacts of climate change on TC 

activity and TC - related effects in the region. The 

Committee considers it a high priority to understand the 

possible effects brought about by climate change, such as 

changes in TC frequency and intensity and to improve the 

quality of life of the Members through integrated 

cooperation to mitigate impacts and risks of TC - related 

disasters. Therefore, this study analyzes the characteristics 

of landfalling TCs in the Asia-Pacific region during 2007-

2017 to develop a more regionally-oriented approach for 

the purpose of providing insight to the governments and 

the public within the Typhoon Committee region.  

 

 Given the limited data from Cambodia, Democratic 

People’s Republic of Korea and Lao People’s Democratic 

Republic and since no landfalling TCs were recorded in 

Malaysia and Singapore during this period, these 

Members are not considered in this study. In addition, this 

study only includes landfalling TCs named by Regional 

Specialized Meteorological Center (RSMC) Tokyo. Thus, 

the Members evaluated in this study are China (including 

Hong Kong, China and Macao, China), Japan, the 

Philippines, Republic of Korea and Viet Nam. These 

members account for almost all landfalling TCs during the 

period 2007-2017.  

 

 The term “TC” used in this paper refers to storms of 

tropical storm intensity (17.2 m/s - 24.4 m/s) or greater              

(i.e., tropical storm, severe tropical storm, or typhoon, 

severe typhoon, or super typhoon).  

 

2.  Data and methodology 

 

 2.1.  Data 

 

 Due to the lack of a complete dataset in earlier years 

for some Typhoon Committee Members, this study 

focuses on those TCs with relatively complete records 

which made landfall in the Asia-Pacific region from 2007 

to 2017. This study relied on information from the 

Members Report published each year by Typhoon 

Committee Members during 2007-2017. These reports 

include data such as maximum sustained wind speed and 

minimum central pressure as well as disaster indicators 

that reflect TC - related socioeconomic impacts such as 

the population affected, dead and missing persons and 

total damages in local currency.  

 

 Data also consist of the best-track dataset for TCs 

that occurred in the Asia-Pacific region provided by the 

Shanghai Typhoon Institute of China Meteorological 

Administration. During the 2007-2017 period, the best-

track dataset is believed to contain relatively accurate 

information for landfalling TCs since data were carefully 

recorded using all available observations. These data are 

used to define whether the TC has made landfall and the 

location of its landfall. In this study, only TCs named by 

RSMC Tokyo are analyzed but the best track data comes 

from STI, not RSMC Tokyo. 

 

 For more comprehensive details on socioeconomic 

impacts, we also collect data on fatalities, missing and 

injured persons and economic losses in Japan from White 

Paper-Disaster Management in Japan 2017; a TC damage 

listing from the Japan National Institute of Informatics; 

data for the Republic of Korea from the National Typhoon 

Center of Korea Meteorological Administration; data for 

the Philippines from the Philippine Atmospheric, 

Geophysical and Astronomical Services Administration; 

and data for Viet Nam from the Central Steering 

Committee for Natural Disaster Prevention and Control.  

 

 Many open-access databases related to natural 

disasters have also been examined for this study. For 

example, population affected, casualties, injured and 

missing persons and economic losses caused by 

landfalling TCs in US dollars are provided by the 

Emergency Event Database (EM-DAT, http://www.em-

dat.net/), Asian Disaster Reduction Center (ADRC, 

http://www.adrc.asia/) and United Nations Office for the 

Coordination of Humanitarian Affairs (OCHA, 

http://www.unocha.org/) . 

 

 In this study, the societal influences of landfalling 

TCs are measured by damages in direct economic losses 

and losses in human life. These data are available for 

2007-2017 and thus limit the scope of this study. To make 

the data comparable from year to year, the direct 

economic losses are adjusted based on 2010 GDP. 

Economic data are from United Nations Economic and 

Social Commission for Asia and the Pacific Database 

(http://data.unescap.org/), the World Bank Development 

Dataset (www.econstats.com) and the World Bank 

Database (https://data.worldbank.org/). These databases 

constantly update worldwide data. 

 

 2.2.  Methodology 

 

 2.2.1.  Normalization of direct economic loss 

 

 Due to rapid economic changes in the Asia-Pacific 

region, this study normalizes direct economic losses to 

analyze trends in economic loss from TC - related 

disasters.
 
The normalization of direct economic losses 

offers an estimate of the damage if a historical TC had 

occurred under a different year’s socioeconomic condition. 
 

http://www.em-dat.net/
http://www.em-dat.net/
http://data.unescap.org/
http://www.econstats.com/
https://data.worldbank.org/
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TABLE 1  

 

TC classifications used by different agencies 

 

 
 (Source: http://www.typhooncommittee.org/tropical-cyclone-classification/）  

 

 

 In this study, Consumer Price Index (CPI), used as a 

measure of inflation, reflects the variation of price 

changes related to economic development. Economic 

losses from TCs were normalized to 2010 levels. An 

equation adapted from (Wang et al., 2016) for normalized 

losses can be written as follows: 

 

𝐷𝐸𝐿′ = 𝐷𝐸𝐿 ×
𝐶𝑃𝐼𝑆
𝐶𝑃𝐼𝑡

 

 

 where, DEL' is the inflation-adjusted current direct 

economic losses, DEL represents the original direct 

economic losses, CPI is the Consumer Price Index for 

each Member, s is the base year (2010) and t is the year in 

which damage occurred.  

 

 2.2.2.  Classification of TCs 

 

 TC classifications vary between Members of the 

Typhoon Committee. Table 1 shows the different intensity 

categories used by Hong Kong, China; Japan; and China. 

For reference, TC classifications used by the Joint 

Typhoon Warning Center (JTWC) of the United States 

and classifications for the North Atlantic and eastern and 

central North Pacific are also included (Table 1).  

3.  Results & discussion 

  

 3.1.  Frequency and intensity of landfalling TCs 

 

 Within the 11-year period, landfalling TC                   

trends vary between Typhoon Committee Members.  

From 2007 to 2017, a total of 167 TCs made                      

landfall among the seven Members' regions with an 

average of 15 TCs annually. The variations of                

landfalling TCs are shown in Fig. 1. The highest                 

number (20) of landfalling TCs occurred in 2017, while 

the lowest number (11) occurred in 2010. An upward 

trend in the number of landfall TCs since 2007 can be 

identified. 

 

 The total number of TCs making landfall in      

different months in the Asia-Pacific region from 2007                

to 2017 are shown in Fig. 2. The peak months are 

September (45), followed by July (34) and August (29). 

About 64.6% of the 167 TCs made landfall in these                 

three months. No landfalling TCs occurred in                  

February, only one occurred in March and three each 

occurred in January, April and May. More than half of 

landfalling TCs (92 or 55%) reached at least typhoon 

intensity at landfall. 
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Fig. 1. Annual frequencies of landfalling TCs in the Asia-Pacific 

region during 2007-2017 (frequency: column; linear trend: 

dotted line) 

 

 

Fig. 2. Frequency of landfalling TCs in the Asia-Pacific region by 
month during 2007-2017  

 
 

 3.2.  Distribution of landfalling TCs by countries  

 

 China and the Philippines show the greatest risk 

from TC landfalls, as 82 TCs made landfall in China and 

57 in the Philippines (Fig. 3). Viet Nam, Japan and the 

Republic of Korea each had 40, 31 and 7 landfalls, 

respectively. In China, the most landfalls occurred in 2008 

with 10 events, followed by 2009 when 9 TCs made 

landfall. Japan had no landfalling TC in 2008. The 

Republic of Korea had TCs made landfall only in 2007, 

2010, 2012 and 2016. The trends for landfalling TCs by 

country varies. An upward trend exists in Japan, the 

Philippines and Viet Nam, but a downward trend occurs in 

China. There was no visible trend in the number of 

landfalling TCs in the Republic of Korea.  

 

 3.3.  Casualties 

 

 Based on historical data of losses caused by TC -

related disasters during 2007-2017, the total number of 

casualties in the 11 years was 17059, with an annual 

average of 1550 casualties (including dead and missing 

persons) due to landfalling TCs. The largest number 

occurred in 2013 (Fig. 4). Super Typhoon Haiyan caused 

the most casualties that year in the Philippines with 7391 

deaths. On average, landfalling TCs kill 1401 people in 

the Philippines, 174 in China and 99 in  Vietnam  annually 

 

Fig. 3. Number of landfalling TCs among the seven evaluated 
Members in the Asia-Pacific region (In the figure, ROK 

represents the Republic of Korea) 

 

 
Fig. 4. Casualties (dead and missing persons) per year during                  

2007-2017 

 

 

Fig. 5. Casualties (dead and missing persons) per evaluated Member 

during 2007-2017 

 

 

(Fig. 5). The number of casualties caused by landfalling 

TCs from 2014-2017 was significantly lower than earlier 

years, yet more landfalling TCs were recorded in 2016-

2017.  The main reason for this decrease is attributed to the 

Typhoon Committee’s Members conducting a strategic 

plan to protect their people’s lives and to improve their 

quality of life through regional coordination and cooperation. 

 

 3.4.  Affected persons 

 

 Based on historical data of affected population 

caused    by   TC   disasters  during   2007-2017,  the  total 
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Fig. 6. Affected population in the Asia-Pacific region during 2007-

2017 by year 

 

 
Fig. 7. Affected population in the Asia-Pacific region during 2007-

2017 among evaluated Members 

 

 
number of affected persons in the 11 years was 271,549,432, 

with an annual average of 24,686,312 due to landfalling 

TCs (Fig. 6). The population affected by landfalling TCs 

steadily decreases after 2013. The area with the most 

affected population is China, followed by the Philippines, 

Viet Nam, Japan and the Republic of Korea (Fig. 7). 

 

 3.5.  Variability of direct economic losses 

 

 From 2007 to 2017, the CPI - normalized direct 

economic losses caused by 167 landfalling TCs among 

seven Members were 101.89 billion USD (2010), with an 

annual average of 9.26 billion USD (2010). Fig. 8 might 

imply steadily increasing economic losses during the               

11-year period, but much of the trend is caused by 

extremely heavy economic losses in 2012 and 2013. The 

highest loss was 19.99 billion USD in 2013. The 

subsequent costliest years were 2012 (18.97 billion USD). 

Severe Typhoon Fitow of 2013 was the costliest TC to 

occur between 2007 and 2017. Fitow made landfall in 

Fujian and Zhejiang provinces in China. It caused 9.03 

billion USD (2010) in direct economic losses in China.  

 

 3.6.  Direct economic loss by Members 

 

 The annual losses of the seven Members in the Asia-

Pacific region varies. China experienced the highest losses  

 
Fig. 8. Direct economic losses per year in the Asia-Pacific region 

during 2007-2017 

 

 

Fig. 9. Direct economic losses in the Asia-Pacific region during 2007-
2017 among evaluated Members 

  
 

(81.7 billion USD, 2010), followed by Japan and the 

Philippines with 9.2 billion and 6.7 billion USD 

respectively (Fig. 9). Heavy economic losses can be 

attributed to high frequency of landfalling TCs and also by 

one or several individual costly landfalling TCs. 

Economic loss caused by landfalling TCs in relation to the 

total gross domestic product (GDP) (2010 USD) is 

0.102% in China, 0.014% in Japan, 0.003% in the 

Republic of Korea, 0.267% in the Philippines and 0.264% 

in Viet Nam. 

 

4.  Conclusions 

 

 The Asia-Pacific region is heavily impacted by TCs. 

It suffers severe damage and numerous casualties each 

year. From 2007 to 2017, 167 TCs made landfall in the 

seven Members' area of the Asia-Pacific with an average 

of 15 TCs annually. The highest number (20) of 

landfalling TCs occurred in 2017, while the lowest 

number (11) occurred in 2010. The peak months of 

landfalling TCs are September (45), followed by July (34) 

and August (29), comprising 64.6% of TCs that made 

landfall within the eleven-year period. An upward trend in 

the number of landfalling TCs since 2007 can be 

identified, though it must be noted that only 11 years are 

examined in this study. During the 2007-2017 period, 92 

landfalling TCs reached the intensity of typhoon or higher 
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at landfall, which accounted for 55% of the total. 

Spatially, China and the Philippines are at the greatest risk 

of TC landfall. The most landfalling TCs occurred in 

China (82), followed by the Philippines (57), Viet Nam 

(40), Japan (31) and the Republic of Korea (7).  

 

 TCs are high-frequency natural disasters that cause 

serious losses. The total number of casualties (including 

dead and missing) in the 11 years was 17059, with an 

annual average of 1550 casualties. The number of 

casualties caused by landfalling TCs from 2014-2017 was 

significantly lower than earlier years, even though more 

landfall TCs were recorded in 2016-2017. The main 

reason for this decrease is attributed to the Typhoon 

Committee’s Members conducting strategic plans to 

protect their people’s lives during TC landfall events 

through regional coordination and cooperation. The total 

number of affected population in the 11 years was 271 

million, with an annual average of 24.6 million people. 

After a peak in 2013, the population affected by 

landfalling TCs steadily decreases. 

 

 From 2007 to 2017, the CPI-normalized direct 

economic loss has been steadily rising with a total of 

101.89 billion USD (2010) and an annual average of 9.26 

billion USD (2010). China experienced the highest losses 

(81.7 billion USD, 2010), followed by Japan and the 

Philippines with 9.2 billion and 6.7 billion USD 

respectively. TC-induced risks have been rising mainly 

due to the region's rapid economic growth and the 

increasing exposure of people and assets to TC hazards.  

 

 The authors hope the findings of this study will 

enhance the scientific knowledge on the characteristics of 

landfalling TCs and provide useful information to the 

governments and the public among Members within the 

Typhoon Committee region. With improved 

understanding of landfalling TC impacts, the Typhoon 

Committee will move closer to the goal of substantially 

reducing total mortality caused by typhoon-related 

disasters within the Members and reducing direct 

economic losses caused by typhoon-related disasters as a 

fraction of total GDP of the Members by 2030. 
 

Acknowledgements 

 

 The author would like to thank Dr. Xiaotu Lei from 

Shanghai Meteorological Service, Ms. Peiyan Chen from 

Shanghai Typhoon Institute, Mr. Jiann-Gwo Jiing from 

U.S.A, Prof. Kimberly Wood from the Mississippi State 

University and colleagues of Typhoon Committee 

Secretariat, Mr. Barrie Lei, Mr. Clarence Fong and Ms. 

Lisa Kou for their useful comments on the manuscript. 

 

 The contents and views expressed in this research 

paper are the views of the authors and do not necessarily 

reflect the views of the organizations they belong to. 
 

References 

Elsner, J. B., Kossin, J. P. and Jagger, T. H., 2008, “The increasing 
intensity of the strongest tropical cyclones”, Nature, 455, 7209, 

92-95. 

Frank, W. M. and Young, G. S., 2006, “The interannual variability of 
tropical cyclones”, Mon. Wea. Rev., 135, 3587-3598. 

Holland, G. and Cindy, L. B., 2014, “Recent intense hurricane response 

to global climate change”, Clim. Dyn., 42, 3-4, 617-627.  

IPCC, 2013, “Climate Change 2013: The Physical Science Basis”, 

Contribution of Working Group I to the Fifth Assessment 

Report of the Intergovernmental Panel on Climate Change, 
Cambridge University Press, Cambridge, United Kingdom and 

New York, USA. 

Kang, N. Y. and Elsner, J. B., 2012, “Consensus on Climate Trends in 
Western North Pacific Tropical Cyclone”, Journal of Climate, 

25, 21, 7564-7573. 

Mohanty, U. C. and Gopalakrishnan, S. G., 2016, “Advanced numerical 
modeling and data assimilation techniques for tropical cyclone 

prediction”, Springer, Dordrecht.  

Wang, Y. J., Wen, S. S., Li, X. C., Thomas, F., Su, B., Wang, R. and 

Jiang, T., 2016, “Spatiotemporal distributions of influential 

tropical cyclones and associated economic losses in China in 
1984-2015”, Natural Hazards, 84, 2009-2030.  

 

 


	10
	10. X Zhou (781-786)

