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Abstract 
Extreme winds are one of the most severe natural disasters, causing massive losses of human life and 

possessions in China. This paper gives an overview on wind disasters in China, covering extreme-wind cli-
mates, affected areas, hazard phenomena and losses. It is clear that, though almost all kinds of extreme-wind 
climates have existed in China, the main wind hazard is typhoons. The paper analyzes and predicts trends in 
wind disasters and losses occurring in China. It provides a rough discussion of the relationship between 
global warming and tropical cyclones landing in China as an attempt to present what information is avail-
able, though it is hard to form any conclusion. It also briefly introduces some significant activities and 
major research plans on wind engineering and hazard mitigation initiated and supported by the Chinese 
government and Natural Science National Foundation. It is encouraging to note that the trends in losses of 
life caused by severe wind disasters in mainland China appear to have declined over the recent decade 
thanks to the efforts of the Chinese government and authorities. 
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1. Introduction 

 
Extreme winds are one of the most severe and fre-

quent natural disasters, threatening human life and 
possessions worldwide. China, as one of the countries 
most severely suffering from wind disasters, experiences 
a mean financial loss of about 20 billion RMB every 
year (Zhou, 2004). As a large country, 9.6 million square 
kilometers in area, China has seen and recorded almost 
all kinds of destructive wind climates. Tropical cyclones 
and typhoons generated in the Northwest Pacific and 
South China Sea constitute the main wind hazard in the 
southeastern coastal area, sometimes reaching the mid-
dle of mainland of China. Cold front wind storms, 
which form mostly in the area of Siberia and are usually 
accompanied by sand or dust storms, frequently occur in 
the north and northwestern areas of China. Damage 
from thunderstorms and tornadoes is also reported in the 
central area of mainland China.  

More than half of the tropical cyclones (including 
typhoons) landing in or affecting China cause tremen-
dous losses to communities according records of the last 
century. Significant damage and losses of human life, 
agricultural and fishery resources, dwellings and civil 
engineering facilities caused commonly by floods, 
surges and mudflows as the subsequent effects of 
typhoons, are severe and frequent occurrences in China. 
It has been widely recognized in China that typhoons 
are the main cause of wind hazards. Therefore, this 

paper will focus solely on tropical cyclones and their 
related disasters. 

Global warming is an undeniable fact for all resi-
dents on our planet. The phenomenon of increasing 
frequency and intensity of typhoons or hurricanes in 
recent decades has attracted the attention of researchers 
and authorities in the fields of wind engineering and 
meteorology. Whether nor not there is any relationship 
between these two atmospheric phenomena has been 
discussed and debated (McCullough & Kareen, 2007; 
Kim et al., 2007).  

In line with the development of the economy, an in-
creasing trend of possession losses has emerged in the 
last two decades in China. The Chinese government and 
authorities are paying more and more attention to re-
search on wind engineering and measures for wind- 
disaster mitigation. Supported by the Chinese National 
Key Technology R&D Program and Natural Science 
National Foundation, several major research projects 
relating to wind disaster mitigation have been initiated 
in recent years, which are concerned mainly with on-site 
measurement and meteorology of typhoons; wind resis-
tance of structures including high-rise buildings, 
long-span bridges and roofs; guidelines on construction 
of farm houses and planning of villages. It appears that 
losses of life and collapses of houses in China in recent 
decades have declined owing to the efforts of the 
Chinese government and specialists. 

This paper gives an overview on wind disasters in 
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China covering extreme-wind climates, affected areas, 
losses and hazard phenomena. Trends in wind hazards 
occurring in China are analyzed and predicted and the 
relationship between global warming and the intensity 
and frequency of tropical cyclones landing in China are 
discussed roughly. Some significant activities on wind 
hazard mitigation initiated by the Chinese government 
are introduced briefly. We are delighted to note that 
losses of life due to severe wind disasters have de-
creased in recent years due to the efforts of the Chinese 
government and authorities. 

 
2. Tropical-cyclone-induced Disasters and 

Losses in China 
 

2.1 Frequency, intensity and prevalent paths 
 
Table 1 (Wang et al., 2006) shows statistics on total 

and landed tropical cyclones. 

Figure 1 shows the frequency of tropical cyclones 
affecting various places in China. It appears clear that, 
though the affected range has extended to the middle of 
the mainland, the most severely impacted area is along 
the southeastern coast and islands of China. Figure 2 
shows the distribution of maximum wind speeds of 
tropical cyclones in China (except Taiwan). It can be 
noticed that in the coastal area and islands of China, 
which are most heavily colored in the figure, the maxi-
mum wind speeds are over 40 m/s, and there is no doubt 
that most of the losses arising from wind disasters have 
occurred in this area. It is known that heavy rain ac-
companying tropical cyclones is a vital factor in the 
losses. Figure 3 shows the distribution of rainfall tropi-
cal cyclones bring to China. Figure 4 shows the 
approach paths of tropical cyclones landing in China. It 
has been widely recognized that there exist three main 
paths of tropical cyclones moving toward China, namely 
the southern, northern and middle. In the spring and late 
autumn, tropical cyclones usually arrive in China via the 
southern and northern paths, and via the middle one in 
the interim. (Shanghai Typhoon Institution of CMA, 
2006) 

 
2.2 Disaster occurrences and phenomena 

Various phenomena, such as injuries and losses of 
human life, collapses of and damage to buildings and 
houses, losses of agricultural crops and fishery products  
 

 Table 1  Statistics on total and landed tropical cyclones. 

Period 1951- 
1960 

1961- 
1970 

1971- 
1980 

1981- 
1990 

1991- 
2004 

Total 342 409 353 329 412 
Landed 
in China 178 192 183 172 203 

Percent 
(%) 52 46.9 51.8 52.3 49.3 

 
Fig. 1  Spatial distribution of tropical cyclones affecting China. 
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Fig. 2  Spatial distribution of the maximum high winds caused by typhoon in China. 

 

 
Fig. 3  Spatial distribution of annual precipitation caused by typhoon with different intensity in China. 
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and destruction of civil engineering works and electric 
power facilities, are included among disasters induced 
by tropical cyclones which have occurred in different 
parts of China. Damage was caused by strong winds and 
accompanying heavy rain, flooding, mudflows and 
storm surges.  

Here are some typical examples of tragedies. Figure 
5 shows typical damage to a farmer’s house in a village 
in Fujian Province hit by Typhoon Sanmei (0608). 
Figure 6 gives an impressive image of a flood brought 
by Typhoon Linfai (0304) impacting a village in Guang-
dong Province in the spring of this year. Figure 7 shows 
a collapsing building in Zhejiang Province caused by a 
mudflow from Typhoon Kaemi (0605).  

Fig. 4  Approach paths of tropical cyclones affecting China. 
 

 
Fig. 5 Damage to residential houses caused by Typhoon 

Sanmei (0608). (web photo) 

 

 
Fig. 6 Flood brought by Typhoon Linfai (0304) in Pingyuan. 

(web photo) 

Fig. 7 Mudflow caused by Typhoon Kaemi (0605) in 
Zhejiang Province. (web photo) 
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2.3 Losses of human life and possessions 
As a major natural disaster in China, typhoons have 

caused great losses of human life and economic damage 
every year. A tally of total losses in recent years in 
China according to data from the Year Book of Tropical 
Cyclones is shown in Table 2. Some severe typhoons 
and corresponding details on losses are listed in Table 3.  

 
 

It is shocking to see that more than 80 residents’ lives 
were taken by mudflows caused by Typhoon Longwang 
(0519) in Fujian Province. 

 
2.4 Trends in tropical cyclones and losses 

China is inevitably affected by global warming. As it 
has been noticed and debated in America and other 
countries, the relationship between global warming and 
the frequency and intensity of tropical cyclones has also 
attracted notice from Chinese authorities and researchers. 
Though there is not enough solid support to draw any 
conclusions yet, there is accumulating evidence, and 
climate data are being collected and analyzed in China.  

Figure 8 provides a histogram and trend curve of 
tropical cyclones affecting China and losses in the re-
cent two decades. As is known, different trends are 
appearing and it is hard to predict and judge the relation-
ship between tropical cyclones and global warming. It 
seems contrary that the frequency of tropical cyclones 
affecting China is decreasing while the economic losses 
are increasing (Fig. 8(a), (b)). This may be explained by 
the fact that in coastal areas of China industrial activities 
are growing rapidly. Deaths and missing persons have 
resulted mainly from the collapse of buildings and from 
floods and mudflows. Methods widely used by Chinese 
local governments include evacuating people from the 
most dangerous regions or transferring residents from 
unsafe houses and buildings to safe ones. These have 
proven a very effective way to prevent or mitigate 
deaths and injuries of humans. We are glad to see that 
the trend in deaths and injuries in recent years in China 
appears to be decreasing (Fig. 8(d)).  

Table 2  Losses caused by typhoons in mainland China. 

Year Collapsed 
houses(×104) 

Deaths & 
missing 

Losses 
(billion RMB) 

1994 1346.7 1815 72.55 
1995 176.5 217 17.20 
1996 721.1 1430 97.00 
1997 578.2 347 53.45 
1998 6.145 6 2.20 
1999 201.5 259 19.70 
2000 234.4 179 17.65 
2001 143.2 462 69.19 
2002 168.9 26 12.50 
2003 166.39 48 24.00 
2004 83.8 494 23.00 
2005 22.21 477 78.00 
2006 25.8 1486 76.00 
2007 3.24 92 28.40 

 
Table 3  Some typical typhoons and corresponding losses. 

Year Name & No. Influenced region Death & 
Missing 

Losses  
(Billion 
RMB) 

2005 Longwang, 
0519 

Fujian, Zhejiang, 
Jiangxi 149 7.478 

2006 Saomai, 0608 Fujian, Zhejiang 483  19.65 

Sepat, 0708 Guangdong, Zhejiang, 
Fujian, Hunan, Jiangxi 47 6.7 

2007 
Wipha, 0712 

Fujian, Zhejiang, 
Shanghai, Jiangsu 

8 6.62  

Taiwan 695 17.5  
2009 Morakot, 

0908 Fujian, Zhejiang, 
Jiangxi, Anhui, Jiangsu >8  >10 

    (a)      (b) 

 
 

     (c)      (d) 

 
 

Fig. 8 Trends in tropical cyclones and losses in mainland China. 
(a) Frequency, (b) House collapse, (c) Economic losses, (d) Death and missing of human life 

Year Year 

Year Year 
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3. Activities to Mitigate Wind Disasters in 
China  
 

3.1 Ground research plan of the NSFC 
A ground research plan named “Dynamic Hazard 

Evolution of Major Engineering Structures” was ap-
proved and initiated by the Natural Science Foundation 
Committee of China in April 2007. It is the first and 
largest research plan of its type in the civil engineering 
field in China. It has been allocated a budget totaling 
170 million RMB for the duration of eight years. “Major 
Engineering Structures” refers particularly to long or 
major bridges, large-scale structures, including super 
high-rise buildings, structures taking up a large space, 
urban underground structures and high dams. The 
“Dynamic Hazards” here specifically refers to those 
induced by strong earthquakes and violent winds or 
typhoons. The ultimate aim and object of the plan is to 
raise the safety level of and mitigate damage to major 
engineering projects. Two key scientific problems to be 
solved in this plan concerning typhoon disasters are as 
follows: (1) describing the characteristics and laws of 
typhoon fields so as to approach the movement, decay, 
spatial distribution, topography and physiognomy ef-
fects and the 3-D time-space properties of strong winds 

or typhoon fields and (2) understanding the processes 
and mechanisms of dynamic hazard evolution in major 
engineering structures disturbed by a severe typhoon 
field. 

Fifteen projects have been launched including seven 
key supporting projects (2.5 million RMB budget) and 
eight general supporting projects (0.5 million RMB 
budget). The titles of the fifteen projects are listed in 
Table 4 (NSF Committee, 2007; 2008). All projects in-
volved in the plan are expected to be launched before 
the end of 2010, and more projects will be selected 
within a couple of years. It is believed that it will 
significantly reduce the risks of damage to major 
engineering projects from severe earthquakes and 
typhoons, and contribute greatly to the nation’s disaster 
mitigation activities when this ground research plan is 
completed.  

 
3.2 Development and improvement of technical 

standards 
There is worldwide awareness that technical stan-

dards used for the design and construction of engineer-
ing projects play a crucial role in ensuring the safety of 
engineering structures in resisting natural disasters. It is 
an urgent and strategic mission for the Chinese govern-

Table 4  Wind-induced-hazard-related projects. 

Proved No. Project Title Type Head of team 
Modeling and Prediction of Strong Wind or Typhoon Field 
90715031 Wind flow field and structural damage characteristics 

of landing Typhoons 
Key Lili Song 

90815028 Numerical simulation and theoretical analysis on three 
dimensional wind field of landing Typhoons 

Key Xudong Liang 

Long Span Bridges under the Excitation Strong Wind or Typhoon 
50738002 Theoretical system for the control of wind induced 

vibration on flexible bridges 
Key Zhengqing Chen 

90715039 Key effects and process control of wind-induced 
hazards for super long-span bridges 

Key Yaojun Ge 

90815022 Field measurement and prototype validation of wind 
dynamic hazard evolution of long-span bridges 

Key Hui Li 

90715015 Refinements on wind and rain induced vibration of stay 
cables of long span cable-stayed bridges 

General Fengchen Li 

90815016 Nonlinear flutter of long span bridges under nonlinear 
self-excited aerodynamic forces 

General Haili Liao 

Super Highrise Buildings under the Excitation Strong Wind or Typhoon 
90715040 Wind loading, wind-induced effects and control of 

super highrise buildings 
Key Ming Gu 

90815030 Field measurement and theoretical analysis of super 
highrise buildings under strong wind excitation 

Key Zhengnong Li 

90715023 Error and modification on wind loading simulation of 
super highrise buildings based on wind tunnel testing 

General Shuguo Liang 

90715024 Hilly terrain wind field model and the response of super 
tall buildings 

General Zhengliang Li 

90815015 Bending and torsional coupled wind-induced vibration 
of complicated highrise buildings based on wind tunnel 
testing 

General Xinyang Jin 

Large Space Structures under the Excitation Strong Wind or Typhoon 
90815021 Key effects and hazard evolution of large space 

structures under strong wind excitation 
Key Qinshan Yang 

90715025 Field measurement and wind tunnel testing of wind 
induced vibration of large space structures 

General Jiyang Fu 

90815003 Theoretical analysis and numerical simulation of wind 
induced hazard of membrane structures 

General Qilin Zhang 
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ment and authorities to build an integrative and com-
prehensive technical standard system for risk reduction 
and disaster mitigation. Accompanied by a revision of 
design codes which was completed and put into practice 
in early 2002, a framework was established for a system 
of standards in building construction (Construction 
Ministry of P.R. China, 2003). The level of standards 
can be illustrated by a pyramid-like figure (Fig. 9; Jin & 
Zhao, 2009).  

To harmonize the concepts of structural reliability 
and unify safety levels, an authoritative code, ‘Unified 
standards for reliability design of engineering structures 
(GB 50153-2008)’ was issued and made applicable in 
2008 in China. This code is ranked at the top of all 
design standards for technical control. The principle of 
reliability and probability-based design methods will be 
adopted not only in the design of building structures but 
in all civil engineering structures covering the fields of 
railways, highways, dams, ports and docks. Accompany-
ing the issuance of GB 50153-2008 and following the 
revised interim Chinese technical code by about ten 
years, a new round of revision of design code for build-
ing structures has been initiated. All common standards 
including load codes and various material design codes 
will be revised first and a new generation design code 
will be completed and issued in late 2011. 

Wind-load codes, which are a part of the Chinese 
National Standards and Common Standards, namely the 
Load Code for the Design of Building Structures 
(GB50009), are undoubtedly very important to the 
wind-resistant design of building structures. Among the 
statistics on extreme wind velocities, basic wind-load 
values of more than 600 cities were given in this code. A 
countrywide map of basic wind pressure was drawn up 
which has also been widely adopted in other engineering 
fields such as bridges and electric power supply lines. 
With the quick progression of urbanization in China, 
more and more basic wind-pressure data for boomtowns 
are required because there will be many large-scale resi-
dential and industrial buildings built in such areas. In the 
revised wind-load code, basic wind velocities through-
out mainland China will be investigated and statistically 
calculated. The revision of the wind-load code is ex-
pected to be an important activity in disaster mitigation 
especially in suburban areas and the countryside. 

 

3.3 Wind tunnel facilities and education 
In the early 1980s, there was not a single bound-

ary-layer wind tunnel in mainland China. The wind tun-
nel facilities used in wind engineering testing were 
modified from wind tunnels used in aerodynamics stud-
ies. The first boundary-layer wind tunnel with a testing 
section of 2~3 m was built in Guangzhou and belonged 
to the Institute of Building Research of Guangdong 
Province in the mid-1980s. Starting from the construc-
tion of wind tunnels at Tongji University in Shanghai in 
the late 1980s, more than ten boundary-layer wind tun-
nels have been built and another four are being con-
structed at universities and research units in mainland 
China. A great number of wind-tunnel tests for buildings 
and bridges have been completed in recent decades. 
Significant achievements in wind engineering research 
by Chinese scientists have been widely recognized and 
are also a tremendous contribution to improved wind 
resistance and reduction of wind disasters involving 
engineering structures. 

Education on wind engineering and disaster mitiga-
tion is very popular nowadays at universities in China. 
More than 20 universities and research institutes provide 
majors or programs on the masters or doctorate level in 
wind engineering. Hundreds of postgraduate students 
with masters or doctors degrees find work in wind engi-
neering and administration for community safety each 
year. On the other hand, public education for saving 
lives and avoiding hazards in extreme-wind climate 
emergency has been developed and emphasized by the 
Chinese government. Publications and TV programs for 
popularization of science on typhoons and other natural 
disasters have been developed quickly, and knowledge 
on winds is becoming more and more popular.  

Though the impact of winds is uncertain and un-
avoidable, we have reason to believe that wind-induced 
losses of life and possessions will decrease gradually as 
progress is made in science and technology and as pub-
lic awareness increases. 

 
4. Summary 

 
China is one of the countries most severely affected 

by the wind disasters, with mean economic losses of 
about 20 billion RMB a year. Almost all kinds of 
destructive wind climate phenomena such as cold front 
wind storms, thunderstorms and tornadoes reportedly 
occur in China. Tropical cyclones generated in the 
Northwest Pacific and South China Sea are the chief 
culprit in wind disasters in the southeastern coastal area, 
sometimes reaching the middle of mainland of China. 
More than half of the tropical cyclones (including 
typhoons) landing in or affecting China have caused 
tremendous losses to communities throughout history. 
Significant damage is caused by the strong winds, flood-
ing, surges and mudflows. Contrary to the economic 
losses, the trends in deaths and injuries to humans 
appear to be decreasing in mainland China in recent 
years. A variety of activities, including but not limited to 
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ground research plans supported by the NSFC and 
development of technical standards, wind tunnel facili-
ties and educational programs, are taking place in China 
to mitigate wind disasters. It is believe that wind- 
induced losses of human life and possessions have been 
and will be further decreased as progress is made in 
science and technology and public awareness increases.  
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