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FOREWORD |

Great contributions have been made by Shanghai Typhoon Institute, China Meteorological Administration (STI/CMA)
for the development of national typhoon research and operation since her establishment in 1978. One of the important
contribution is to publish the basic data of tropical cyclones (TCs) in China, South China Sea and western North Pacific
after data processing and editing. Among them, the two serial publications are most important. The one is Typhoon
Yearbook, then replaced the name with Tropical Cyclone Yearbook in late 1980s. The other is climatological atlas of
tropical cyclones. The former is edited and published once a year and the latter is edited and published one volume
every ten years. Two climatological atlases, which were named Climatological Atlas for Northwest Pacific Tropical Cyclones
(1951-1980) and Climatological Atlas of Tropical Cyclones Affecting China (1951-2000), had been published in Chinese-
English bilingual versions. These data publications advance development of TC research and operational work. It is
also valuable for the area of disaster prevention and preparedness, operational management as well as the references
for college educations.

This is the second thirty years (1981-2010) volume of climatological Atlas for TCs over the Western North Pacific

basin with the following properties.

(1) Plentiful and integral contents. The Atlas comprises the TC formation and decay, intensity and intensity
change, binary and multiple TC frequency and distribution; tracks and motion variation, the distribution of TC motion
direction/speed and recurvature point of the tracks, TC unusual movement; the frequency and distribution of TCs which
affected China or made landfalling in China and their corresponding winds and rainfall. The contents almost cover all

aspects of the TC climatological features. It enables more utility in different areas of tropical cyclone.

(2) Data advanced with time. Atmospheric observational techniques have developed a great deal in the late
thirty years. Remote sensing data from satellite and radar have been widely employed in tropical cyclone detection.
Field experiments for individual landfalling typhoons had been implemented frequently in this period. On the other hand,
dense automatic weather stations had been deployed and developed. The advanced observation systems have
promoted the data quality in the Atlas.

(3) Authoritativeness and not substitutable. Data for off shore TC, especially for landfalling typhoons totally
depend upon domestic observational system. So the two publications are authoritative and not substitutable. The
editorial staff offer their great contributions with meticulous and elaborative work for the publications. The readers will
cherish it and help to improve the further publications.

Innovation and perfection are endless. It's hoped that the TC climatological Atlas should be handed down and
persevere in. Then the persistent contribution will be made for the tropical cyclone research and operational

P35

Prof. Chen Lianshou

forecasting.

Academician, Chinese Academy of Engineering

Beijing, April, 2017
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FOREWORD Il

| am very impressed by the new updated Climatological Atlas of Tropical Cyclones over the Western North Pacific
(1981-2010) which the Shanghai Typhoon Institute will issue soon. This Atlas gives very detailed and
authoritative new information on tropical cyclones in the world’s most active cyclone basin.

This long report gives extensive statistical analysis of the large variety of Northwest Pacific tropical cyclone
sizes, intensities, movement characteristics, frequency of occurrence, annual-monthly-seasonal differences,
long—period variability and many other features. This new updated Atlas should be of help to anyone having to deal
with the Northwest Pacific tropical cyclones or anyone who just wants to learn of the characteristics and wide
ranging behavior aspects of these unique cyclone systems.

William M. Gray
Professor Emeritus
Colorado State University
July, 2013
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PREFACE

The western North Pacific, including the South China Sea, is the most active basin of tropical cyclone activity in the
world. These tropical cyclones cause severe natural disasters in the countries along the coastline of the Pacific Basin.
Six of the ten countries that are most strongly affected by tropical cyclone disasters are adjacent to this basin, and
China is among the worst affected. With the exception of Xinjiang, Xizang, and Qinghai provinces and autonomous
regions, the whole of China, from Guangdong, Guangxi, and Hainan provinces and autonomous regions in southern
China, to Liaoning, Jilin, and Heilongjiang provinces in northeast China, has been affected by tropical cyclones. In
addition to their associated hazards, tropical cyclones may also be beneficial to human society, such as by easing

droughts or relieving heat waves in summer.

China has always attached great importance to collecting historical data. The Shanghai Typhoon Institute of the
China Meteorological Administration (STI/CMA) has compiled and published nearly 70 volumes of the Tropical Cyclone
Yearbook, which contain tropical cyclone best track data, tropical-cyclone-induced wind and precipitation observations,
landfall locations, and other data. In addition, STI/CMA has edited and published the Basic Dataset of Tropical Cyclones
over the Western North Pacific (1949—-1980) (in Chinese), the Climatological Atlas for Northwest Pacific Tropical Cyclones
(1951-1980, Chinese-English bilingual edition), and the Climatological Atlas of Tropical Cyclones Affecting China (1951—
2000) (Chinese-English bilingual edition). These publications have been widely used in operational services and in
research aimed at reducing the disastrous impacts of tropical cyclones. The tropical cyclone best track data have also

been made available for international data exchange programs and other collaborative research.

To accurately define the characteristics of tropical cyclone activity under the current climate, STI/CMA analyzed the
comprehensive characteristics of tropical cyclones recorded between 1981 and 2010 and have compiled this
climatological atlas, which comprises the following four chapters:

I. Genesis, development, and decay of tropical cyclones;

[I. Tracks and motion of tropical cyclones;

[ll. Tropical cyclones affecting and landfalling in China;

I\VV. Tropical cyclone statistics.

This Atlas is based on data obtained from the Tropical Cyclone Yearbook edited by STI/CMA, as well as
meteorological observations from the Hong Kong Observatory, the Macao Meteorological and Geophysical Bureau,
and the meteorological institution of Taiwan. We expect that this Atlas will not only provide a valuable reference work
for meteorologists, but also for marine, aviation, flood administration, national defense, transportation, and other non-
meteorological institutions.

The Atlas was jointly sponsored by CMA (Department of Forecasting and Networking), the National Basic
Research Program of China (Grant Nos. 2013CB430305 and 2015CB452806), the National Natural Science
Foundation of China (Grant Nos. 41475082 and 41675116), the National Special Funding Project for Meteorology
(Grant Nos. GYHY201406010 and GYHY201506007), the National Public Welfare Scientific Institution Basal Research
Fund, and the Typhoon Scientific Technological Innovation Group of the Shanghai Meteorological Service.
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GENERAL EXPLANATION

[N

. In this Atlas, tropical cyclone (TC) refers specifically to activity over the western North Pacific and South China Sea

(0°=50°N, 105° E - 180°) .

. The data used in this Atlas cover the period 1981-2010 and were obtained from the following sources:

(1) the China Meteorological Administration (CMA) TC best track data and TC-induced wind and precipitation
data (Ying et al., 2014);

(2) wind and precipitation data covering Hong Kong, China obtained from the Hong Kong Observatory;

(3) precipitation data covering Macau, China obtained from the Macao Meteorological and Geophysical Bureau; and

(4) TC-induced precipitation covering Taiwan, China obtained from the website of meteorological institution of
Taiwan.

. To ensure the representativeness of stations and the homogeneity of the data series, a total of 1443 weather

stations were selected from across China, comprising 1416 from the mainland, 2 from Hong Kong, 1 from Macau,
and 24 from Taiwan. The observations from these stations covered the period 1981-2010, with the national
reference climatological stations included. The distribution of the selected stations is shown in the Appendix on
pages 210-211, and the selection criteria can be found in Lu et al. (2016).

4. All times quoted in this Atlas are Beijing Time (i.e., UTC+8 hours).
5. Tropical cyclones were classified into six categories according to the national standard of China issued in 2006 (i.e.,

GB/T 1902-2006), as follows:

« tropical depression (TD: 10.8 = 17.1 m s™);
tropical storm (TS: 17.2 - 24.4 ms™);
severe tropical storm (STS: 24.5-32.6 ms™);
typhoon (TY:32.7 -41.4ms™);
severe typhoon (STY: 41.5 -50.9 m s™); and
« super typhoon (SuperTY: = 51.0ms™).

. Tropical cyclones were numbered using the YYYYNN format, where YYYY denotes the year and NN the annual

order in the CMA TC database. The China Serial Number, which is assigned operationally in real time by the
National Meteorological Center (NMC) of the CMA, is represented by YYMM, where YY denotes the last two digits
of the year and MM denotes the serial number assigned by NMC/CMA. These two serial numbers, together with the
names of every tropical cyclone that occurred between 1981 and 2010, can be found in the List of Tropical Cyclones
(Chapter IV, pages 180-189).

. Definitions of specific locations of tropical cyclones:

» genesis location refers to the location where a tropical cyclone first reaches the tropical storm category;

« location of extratropical transition refers to the location where a tropical cyclone develops into an extratropical
cyclone; that is, the midlatitude cold front has merged into the inner core of the tropical cyclone circulation;

« location of dissipation refers to the location of a recognized tropical cyclone circulation just before its final
dissipation in the study region (0° = 50° N, 105° E — 180°) rather than merging, standstill, extratropical transition,
or moving out of the study region.

. Definitions of binary and multiple tropical cyclones:

« binary tropical cyclones refers to two tropical cyclones with intensities of tropical storm or above, separated
by a distance of no more than 20° latitude within the western North Pacific basin;

« multiple tropical cyclones refers to three or more simultaneous tropical cyclones with intensities of tropical
storm or above, within the western North Pacific, which are referred to as “three” , “four” or “five” tropical
cyclones according to the total number of tropical cyclones in the basin.

. Definitions related to tropical cyclone propagation:

(1) propagation direction and speed refers to the direction and magnitude of the tropical cyclone propagation
vector at any point along the track, as determined using the locations at six hours before and after the point of
interest;

Xiii
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(2) recurvature refers to the point when the westward component of the tropical cyclone propagation vector
becomes zero and the eastward component develops. Specifically, when a stage of zero zonal component of
tropical cyclone propagation has formed before the appearance of the eastward component, which is called

“square track” , the location of recurvature is defined as the location at which the zero zonal propagation
component first appears. In addition, for a tropical cyclone with a lifespan that extended into the next month,
the month of recurvature was determined according to the time of recurvature occurrence.

(3) loop refers to a tropical cyclone track that turns one or more circles. To calculate the frequency of looping on a
longitude—latitude grid of 5°X5° | if the track circles cover more than one grid, only the main grid is considered.

(4) abrupt change of track refers to the following phenomena and the associated frequencies were calculated
on a longitude—-latitude grid of 5°x5°;

» sudden acceleration is defined as when the propagation speed of a tropical cyclone accelerates either with
an increment of =15 km h™ in 12 hours, or =10 km h™ in 12 hours when the initial speed was <5 kmh™;

» sudden deceleration is defined as when the propagation speed of a tropical cyclone decelerates either
with a decrement of =15 km h™ in 12 hours, or = 10 km h™ in 12 hours when the initial speed is =10 and
<15kmh™;

» sudden left turn is defined as when a tropical cyclone turns anticlockwise with the propagation direction
changing by =30°; and

» sudden right turn is defined as when a tropical cyclone turns clockwise with the propagation direction
changing by =30°.

10. Abrupt change of intensity refers to the following two phenomena:

« rapid intensification is defined as either an increase in maximum sustained wind speed AV,, = 10 m s

within any 12 hours, or A V,, = 20 m s™" within any 24 hours; and

« rapid weakening is defined as either A V,, < —10 m s™" within any 12 hours, or A V,, < —20 m s™' within any 24

hours.

11. The near-coast sea area of China is defined as the sea area between the coastline of mainland China and the line
connecting points A (34° N, 132° E), B (15° N, 132° E), and C (0°, 105° E). Line A-B-C has been used as the 48—
hour warning line for tropical cyclone hazards by the CMA in the decades leading up to 2014.

12. Tropical cyclone landfall refers specifically to the tropical cyclone making landfall in China rather than any other
region. According to the Tropical Cyclone Operational and Service Manual of the CMA, only the Zhoushan Islands and
the islands of Taiwan, Hong Kong, and Hainan are considered to be landfall locations; smaller islands are not
included in the list of possible landfall locations.

A tropical cyclone may make landfall in China multiple times, as it may reenter the marginal seas after landfall.
Such multiple landfall locations are defined using the first, second, third, and fourth landfall locations.

The islands and coastline of China are divided into 16 regions for collation of the landfall locations of tropical
cyclones:

(1) coastal area of Guangxi;

(2) Hainan Island;

(3) coastal area between Leizhou Peninsula and Yangjiang (including Yangjiang) in Guangdong Province;

(4) coastal area between Yangjiang and Haifeng (excluding Yangjiang but including Haifeng) in Guangdong Province;

(5) coastal area between Haifeng and Raoping (excluding Haifeng but including Yangjiang) in Guangdong Province;

(6) Taiwan;

(7) coastal area between Zhao’an and Hui’an (including Hui’an) in Fujian Province;

(8) coastal area between Hui'an and Changle (excluding Hui'an but including Changle) in Fujian Province;

(9) coastal area between Changle and Fuding (excluding Changle but including Fuding) in Fujian Province;

(10) coastal area of Zhejiang Province;

(11) coastal area of Shanghai Municipality;

(12) coastal area of Jiangsu Province;

(13) coastal area of Shandong Province;
(14) coastal area of Hebei Province;

(15) coastal area of Tianjin Municipality; and
(16) coastal area of Liaoning Province.

13. The impacts of tropical cyclones refer specifically to the effect of tropical cyclones on China rather than any other
regions. A tropical cyclone affecting a specific region (e.g., China, South China, and East China) is defined as
being when one of the following three criteria are met:

(1) total precipitation of = 50 mm observed at one or more stations in the specified region;

(2) either a sustained wind of Beaufort scale (BS) =7 or wind gusts of BS =8 observed at one or more stations
in the specified region; or

(3) total precipitation of = 30 mm and also either sustained wind of BS = 6 or wind gusts of BS =7 observed at
one or more stations in the specified region.
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