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ABSTRACT

Tropical Cyclone (TC) activity is an important feature of China’s climate that cun have important im-
pacls an precipitation and can cause extensive property dumage. In purticular, precipitution from TCs con-
tributes a significant portion of overall precipilation, This study deals with typhoons that influence China
and focuses on their impact on China’s precipitation. Four aspects are examincd in this research. Firstly, the
study of influencing typhoon frequency reveuls thal the main season that typhoons affect China is from May
10 November, especially between July and September, The frequency of influcncing typhaons was stcady
during the past 40 years. Secondly, inspection of the chimatology of station typhoon precipitation shows thal
Hainan and the southeastern coustalmost regions are most trequently affected by lyphoons, and most of the
regions south of the Yangize River are uffected by typhoons each year. Meanwhile, during 1957 -1996, most
of the typheon—iniluenced regions show decreasing trends in Lyphoan precipitation but only the trends in
southern Northeast China are significant. Thirdly, examination of the typhoon cuses shows that there exists
u signilicant linear relationship between the precipitation volume and impacted arca, Finally, study of varia-
tions of typhoon impacts on China’s precipitation suggests thiat there exists a decreasing trend in Lhe contri
bution of typhoon precipitation to overall precipitation, while total annual volume of typhoan precipitation

decreuses significantly during the period.
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1. Introduction

Tropical cyclones (TCs) constitute one of the most destructive natural disasters that afl-
fect many countries around the globe and exact tremendous annual losses in lives and proper-
ty. Euch yeur about 80 large—scale, severe storms-—TCs, hurricanes, and typhoons—occur
throughout the world, The average annual damage has been estimated at about US $ 1500
million and the average annual death toll over the period 1947—1980 is about 15 000 persons
(WMO 1995),

The western North Pacific (WNP), where an intense TC is commonly called a typhoon, is
the site of the most numerous and violent TCs in the world, 36% of the annual average
globally, For the convenience of description in this paper, without particular statement, (y-
phoon refers not only to TCs but also to the extratropical cyclones into which TCs transform.
General characteristics of TCs and the relationships to ENSO and QBO are revealed through
climatological analyses of their spatial distributions and temporal variation, Chan (1985)
found these two speciral peaks apparent in all studied time series. One corresponds 1o the
generally accepted Southern Qscillation with a period of 3 to 3.5 years and the other to the
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quasi—biennial oscillation frequency, In another study, Chan (1995) revealed that 10 4 certain
extent, the stratospheric QBO also affects TC activity in WNP, Both the results of Landsea et
al. (1996} and Chan and Shi (1996) suggest that tetal global TC activity most likely remains
relatively sleady.

A recent study by Chen et al. (1999) focuses on the climatic characteristics of TC activity
in WNP. The results showed that the TC frequency is obviously higher during 1960-1972
than any other period, Seasonally, the frequency is highest from July to September, while it is
the lowest during spring, There are three main cyclone genesis source regions, the South
China Sea, the sea around the Philippine Islands and the sea around Malaysia,

Each year, China is influenced to different extent by each typhoon. Both landfalling ty-
phoons and those passing offshore can influence China’s weather and climate. The objective
of this research is to study the impact of typhoons on China’s precipitation both in terms of
its climatology and any secular variation over the period.

2. Data and analysis

The western North Pacific typhoon track data used in this study includes two datasets,
The first dataset (D1) is from the Shanghai Typhoon Institute, which contains the 6 hourly
positions of each typhoon case during 1949—1996, The second dataset (D2) is from the U.S,
National Weather Service, which includes irregular hourly positions of each case from 1945 (o
the present.

The two datasets are combined to build a historical dataset of 6 hourly observations as
D1. Considering that when a typhoon track is over or close to China, D1 is relatively
accurale, Then the way to do this includes three steps: (1) change D2 into a 6 hourly dataset
(ND2) by linear interpolation; (2) simply keep the interpolated data ND2 during 1945—1948
and 1997-present; and (3) for the common period {1949—1996}, make the tracks in D1 as long
as possible by using information in D2, and correct suspicious data in DI only when a ty-
phoon track in D1 is outside of the region 15—30°N, $0-130°E and the distance between the
two tracks is grealer than 100 km. A typhoon is defined as an influencing typhoon when it
produces a rainband cover the mainland of China or any of the two biggest islands of Chinu,
Taiwan and Hainan, Thus, influencing typhoons include landfalling typhoons and those pas-
sing offshore around China. In this study, only these lyphoon cases are deall with. In
addition, as a typhoon’s duration generally lasts more than a week, it is important to define
the time of cccurrence, In this study, a typhoon’s time of occurrence is defined us the date
when it first produces a rainband over the mainland of China or over Taiwan or Hainan,

There are two daily precipitation datasets in this study. One dataset (D3) was obtained
through bilaterial exchange between the China Meteorologicul Adminisiretion and the U.S.
Department of Energy for the 196 China stations during 1951-1997. The other (D4} is the ty-
phoon precipitation dataset from about 1400 stations during 1949—1996 from the Shunghai
Typhoon Institule. A close inspection of the two datasets reveals that approximately all indi-
vidual station data in D3 cover the whole period 19511997, However, in D4, all individual
Taiwan station data and most individual northern China (north of the Yangtze River) station
dala just cover the period from the mid 1970s to the early 1990s, and most individuat south-
ern China (south of the Yangtze River) station dala cover the period 1957—1996. Since it is
southern China that is more easily influenced by typhoons, the period 1957—1996 was selected
for this study and thus stations for which the data period does not cover 1957-1996 were not
considered,
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Defining typhoon precipitation is a very important step in this study, The practice of pur-
litioning typhoon precipitation by analyzing synoptic ‘hand—analysis’ maps, which is applied
in the Shanghai Typhoon Institute, may provide relatively accurate results, but it takes time
and as people join the partitioning procedure, the results may not be objective. Therefore, it is
necessary to apply an automatic and objective way to sepurate typhoon precipitation. One
way Lo separale typhoon precipitation is by using a circle around the TC center. However, as
it is revealed that there may be several discontinuous rainbands produced from a TC at a
time, which are generally asymmetric around the TC center (Elsberry et al. 1987), a circle
around the TC center cannot catch TC precipitation satisfactorily. In this study, a numerical
technique for partitioning TC precipitation was developed and applied, and the results were
compared to the synoptic * hand—analysis' maps and were found (o be in close agreement
with them (Ren et al, 2001), This technique includes two steps. First, based on analyzing the
structure of precipitation distribution, a daily precipitation field can be separated into differ-
enl rainbands; then, for each raining station, the distance between it and the typhoon center
and Lhe distance between the weight center of the rainband which the station belongs to and
the typhoon center are considered, then one can define the station precipitation as TC precipi-
tation,

Gridded data are appropriale to inquire into the contribution to precipitation and the
area of impact for a typhoon. In this study, a 0.5°x 0.5° latitude—longitude grid is used. In-
verse—distance interpolation was applied to transform the typhoon rainband station data into
gridded data. To keep from expanding the typhoon rainband, the gridding procedure is limit-
ed Lo the region where the typhoon rainband is distributed. As a grid can also represent a
quadrangle, it is easy to calculate the area represented by a given grid as

Agng = (mr / 360)° X cos(p) 1)

where r is the radius of the Earth, ¢ is the latitude of the grid, and 4,4 is in km?,
The values of 4,,,; were summed over the typhoon rainband grids to yield the size of the
impacted area. The rainfall volume for a given grid can be calculated as

Vgrid= Agrld x Pgrid x '0_6 “ (2)

where P, is the grid precipitation inmm, ¥, s in km’.

The values of grid rainfall volume ¥, were summed over the typhoon rainband grids
1o vield typhoon precipitation volume.

Additional insight into typhoon precipitation climatology was gained by analyzing the
average annual station typhoon precipilation, ils ralio 1o mean total precipitation, the mini-
mum and maximum station annual typhoon precipitation, the minimum and maximum ty-
phoon case station precipitation, annual impacted area, and annual typhoon precipitation
volume over China,

Considering the different availabilities of D3 and D4, D3 was used during the whole pro-
cedure, while D4 was only used in partitioning typhoon precipitation and in gridding the
data. However, during the investigation into contribution of annual typhoon precipitation o
overall precipitation in China, only D3 was applied in gridding the data because only the 196
stations had continuous daily precipitation data during the period.




946 Advances in Almospheric Sciences Yol. 19

3. Results

Figure la depicts the frequency of influencing typhoons in China for each month, It
clearly indicates that almost all (about 99.5%) of the 575 typhoons from the period
1957—1996 occur during May to November, with the most active season between July and
September, especially during August in which 150 typhoons occur. Meanwhile, there are only
two typhoons in April and one in Junuary, which just passed offshore and affected parts of
southeastern coastal regions of China, while no yphoon starting in February, March, or De-
cember influences China. Figure 1b displays that the influencing typhoon frequency shows
prominent year—lo—vear fluctuations, varying from 6 in 1985 1o 22 in 1978, It also shows that
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Fig. [. Influencing typhoon frequency over China during 1957-1996, {u) Monthly disiribution; (h)
Annual time series: (c) Spatial distribution of average annual influencing typhoon frequency,
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greater than normal numbers of typhoons affected China during the early 1960s, most of the
1970s, and 1989—1990, und fewer than normal numbers of typhoons appeared during the late
1950s, the late 1960s, 1985, and 1992—1993. However, it shows no significant time trend, with
only a slight increase during 1957-1996,

The spatial distribution of average annual impacting typhoon frequency (Fig. 1¢) shows thal

(1) The typhoon influenced region is eastern China east of 98°E cxcept western Inner
Mongolia and most of northern Heilongjiang;

(2) Hainan, Guangdong, southeastern Guanxi, southern Fujiun, and southern Jiangxi are
the regions most frequently influenced by typhoons, with an average annual frequency of 7-9;

(3) Typhoon influence decreases as one moves northward and westward; that is, ty-
phoon frequency is less than | in western China north of the Yangtze River und in northern
China north of the Yellow River.

Figure 2 displays the climatology of typhoon precipitation in China during the period of
study. Figure 2a presents the distribution of average annual typhoon precipitation, It shows
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Fig. 2. Climatology ot stulion typhoon precipitation during 1957-1996. (a) Spatul distribulion of
average annual typhoon precipitation; (b) Spatia] distribution of ratio of average annual typhoon
precipitation (o average {ofal ramiail: (c] Spatial distribution of minimum annual typhoon precipi-
lution; (d) Spatial distribution of Lime trend of annual typhoon precipitation.
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Fig. 2. (Continued).

that the largest amounts of average annual Lyphoon precipitation are observed in Hainan and
the southeaslern coastal regions, with values of 300-680 mm, Generally, only the coastal re-
gions south of the Yangtze River receive precipitation of more than 100 mm, while most of
the remainder of the typhoon—influenced regions receive 10100 mm; Shanxi (west), parts of
Inner Mongolia, and parts of Shanxi (east) receive less than {0 mm,

Figure 2b shows the distribution of ratio of average annual typhoon precipifation to av-
erage total rainfall. In eastern coastal regions, the ratio is between 5% and 10%, while the
southeastern coastal regions mainly receive above 10%, with more than 20% in southern
Guangdong and Hainan. Meanwhile, typhoon precipitation rates are less than 5% in the re-
mainder of the typhoon—influenced regions. A comparison of Figs. 2a and 2b indicates that
generally the larger average annual typhoon precipitation, the larger the ratio to total, The
distribution of minimum annual typhoon precipitation (Fig.2c) shows that all regions that
have been affected by typhoons during the period of study are south of the Yanglze River.
Southern Guangdong and northern Hainan receive at least 100—150 mm rainfall, while
Fujian, southern Jiangxi, Hunan, northern Guangdong. southern Hainan, Guangxi, and
southern Guizhou receive somewhat smaller amounts of typhoon precipitation.

The annual time series of typhoon precipitation at each stution were examined for time
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trends. Results displayed in Fig. 2d show that decreasing trends exist in most of the
typhoon—influenced region, especially in the eastern and southeastern coastal regions with
values of ~5—1 mm yr~', while increasing trends exist in the coastal regions around the Beiby
Gulf and most of central China. However, only trends in southern Northeast China ure
statistically significant at the 0.05 level by a Kendall test,

There were 575 typhoon cases that influenced China during 1957—1996. The scatter plot
of precipitation volume (that reaches the ground) versus impacted area for each case and
linear regression slope are presented in Fig, 3a, There exists a good relationship between the
precipitation volume and the impacted area, which means that generally, the larger (he (y-
phoon impacted area. the larger the typhoon precipitation volume, with the correlation
coefficient reaching 0.85. Their linear regression relationship is statistically significant at 0.01
level, even though, when the impacted area is small (less than 200 000 km?), the precipitation
volume just varies slightly, which is mainly accounted for by the observation that mest of
those areas are affected by the edge of outer typhoon, In addition, the maximum amount of
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Fig. 3. Impucts of typhoon cases, () Seaier plot of precipitation volume versus impacled area and
their linear regression line (* +” ); {b) Spatial distribution of maximum single—case amounts of ty-
phoon rainfall,
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Fig. 4, Variations of typhoon impact on China’s precipitation during 1957—-1996. (a) Total annual
volume of typhoon precipitation; (b) Total annual impacted area; (by comparison, China has a

land arex of 9 600 000 km?) (¢) Contribution of annual typhoon precipitation Lo overall precipita-
tion.

typhoon rainfall received by stations during each case was examined, and Fig. 3b presents the
distribution of maximum single—case amounts of typhoon rainfall, 1t is evident that in an ex-
treme situation, a typhoon can produce more than 100 mm precipitation in southern
Northeast China, eastern North China, the lower reaches of the Yellow River, the central and
lower reaches of the Yangtze River, and all the coastal regions of China, with greater than
360 mm in eastern and southeastern coastal regions and a maximum of 613.2 mm in Hainan;
the remainder receive less than 10—100 mm,

Figsures 4a and 4b present the variations of total annual volume of typhoon precipita-
tion and total annual impacted area, which show prominent year—to—year fluctuations, There
exists a good relationship between them, with the correlation coefficient being 0,77, During
the early 1960s, most of the 1970s, 1984, and 1994, both plots show that China was seriously
influenced by typhoons with large areas (more than 2.2 million km?) of influence and large
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volumes of typhoon precipitation (above 30 000 km’) reaching the ground. Meanwhile, dur-
ing the late 1950s, the late 1960s, the early 1980s, and 1993, China experienced weak Lyphoon
influence. Note that both plots exhibit a decreasing trend, but only the trend in total volume
of lyphoon precipitation is significant at the 0.05 level by a Kendall test, Figure 4¢ shows the
annual time series of the contribution of annual typhoon precipitation lo overall precipitation
in the typhoon—influenced region {(castern China east of 98°E), It shows similar variations to
those of Figs. 4a and db, The average contribution is 1,85%, with relatively large mean square
error of 1.16%. There also exists a decreasing but insignificant trend during the period. Ac-
cording to an initial calculation in this study, the precipitation volume in the typhoon—influ-
enced region occupies about 80%—90% of overall precipitation over all of China, so the con-
tribution of typhoon precipitation to overall precipitation over all of China is similar to this
result. Generally, a landfalling typhoon contributes more precipitation to China than a ty-
phoon passing the offshore area around China. A comparison of Fig. 4a and Fig. 1b reveals
that the number of Lyphoons and their intensity are very important factors in the extent of ty-
pheon influence on China’s precipitation. 1994 is one of the most seriously typhoon—influ-
enced years and yet the frequency of influencing typhoons is just close to normal, since the
number of landfalling typhoons is 11, which is 4 above normal, and their intensity is very
strong.

4, Conclusions and discussions

The objectives of this study, as stated in the introduction, are accomplished. Available
datasets and climatological studies are examined to show the frequency of influencing ty-
phoons and their spatial distribution, the distribution of typhoon precipitation and its trend.
Corresponding studies about typhoon cases and variations in typhoon contribution to precip-
itation are also examined,

From all of the results shown in this study, three main conclusions can be drawn,

(1) The main season during which typhoons affect China is from May to November, es-
pecially between July and September, The frequency of influencing typhoons shows no signif-
icant trend during the past 40 years,

(2) Hainan and the southeastern coastal-most regions are the most frequently affected
by typhoons, and most of the regions south of the Yangtze River are affected by typhoons
each year. In most of the typhoon—influenced regions, Lyphoon precipitation decreases during
the period of siudy but this is only significant in southern Northeast China,

(3) There exists a significant linear relationship between precipitation volume and im-
pacted area,

Particularly interesting is the significant decrease in total annual volume of typhoon pre-
cipilation in China during the past 40 years, which is consistent with the decrease in total an-
nual impacted area, However, the decrease does not mean for a specific typhoon case that its
precipitation volume and the ensuing damage were always less than any typhoon case before,
For example, the famous typhoon case of “75.8”, which occurred in August 1975, is mote se-
rious than most of the typhoon cases that occurred before it.

In fact, typhoon intensity is an imporiant factor that affects typhoon influence. Accord-
ing to the inspection of time trends of typhoon case precipitation and impacied area, there ex-
ist relatively large, although insignificant, decreasing trends in both time series, Considering
both the steady variations of annual frequency of influencing typhoons and the decreasing
trend in typhoon case intensity, it is reasonable to conclude, at least tentatively, that this re-
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sult reflects a real decrease in total annual volume of typhoon precipitation in China during
the 40—year period,
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