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Abstract: Using data available from the Retrieval System Based on Yearbooks of Tropical Cyclones over 
the Western North Pacific, NCEP/NCAR reanalysis daily data and observed precipitation data for 1959 to 
2007 in Yunnan, a province located in a low-latitude plateau, this work analyzes the climatic characteristics 
and the corresponding large-scale circulation patterns related to the western North Pacific westward moving 
TCs (WMTCs). Its impacts on the rainfall in the Yunnan Plateau are studied. Results show that WMTCs 
happen almost every year, mainly from July to September. It shows a downward trend in decadal variation. 
Nearly the entire Yunnan area is affected by them but the eastern part experiences the most severe 
influences. Most of the WMTCs migrate from the South China Sea, primarily make landfall in Hainan and 
Guangdong and enter the Northern Bay. The tracks of these typhoons can be classified into five categories, 
in which the most significant impact results from those making landfall in Guangdong. All categories of the 
tropical cyclones can induce province-wide heavy rainfall in Yunnan. Super typhoons bring about the 
heaviest and most extensive rainfall over the low-latitude plateau while the associated circulation pattern is 
marked with a dominant 500 hPa meridional circulation at middle latitudes, an active monsoon depression 
and Intertropical Convection Zone (ITCZ) at low latitudes and a westward-located South Asia High at 100 
hPa, which is favorable for tropical cyclones to travel westward. WMTCs tend to go westward into the 
interior part of China if the subtropical high extends its westernmost ridge point to the northeast of Yunnan, 
or expands its periphery anti-cyclonic circulation to the Tibetan Plateau, or merges with the Qinghai-Tibetan 
high. 
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1  INTRODUCTION  

Though located in the interior plateau, Yunnan 
province is one of the lands to suffer the impact of the 
tropical cyclones (TCs) from the western North 
Pacific (including the South China Sea, the same 
below) every year. In many studies[1-9], the interannual 
variations, seasonal distribution, intensity distribution, 
track types and source locations of these TCs have 
been analyzed climatologically. Lei et al.[10] studied 
latitudinal distribution of their activity. Some 
literature presented the climatological statistics of the 
TCs that made landfall in China and the relationship 
between TCs and precipitation[11-13]. Wavelet analysis 
was conducted for the annual frequency of the TCs 

that made landfall in Guangdong, as well as the 
climatological pattern of the first dates of landfall 
each year (Liu[14]). The related studies also 
investigated the thermal structure of the western North 
Pacific warm pool, the air-sea couplings and the 
impacts of sea surface temperature on TCs. The works 
listed above have described basically all aspects of the 
spatial and temporal characteristics of the TCs in the 
western North Pacific, but none of them specifically 
focuses on those affecting the precipitation in 
Yunnan. 

At present, most of the research on TCs affecting 
Yunnan is case study on TCs traveling westward from 
the South China Sea and with statistics spanning from 
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1970 to 1980[18], lacking systematic study on their 
weather and climate patterns. Following a new 
standard on TC categories issued by the China 
Meteorological Administration, this paper performs a 
statistical study on the TCs of the western North 
Pacific over the past 50 years that affected the 
precipitation in Yunnan to understand their 
climatological features. 

2  DATA AND METHODS 

For statistical determination of the frequency of 
these TCs over the period 1959-2007, their total 
number, as determined from the “Retrieval System 
Based on Yearbooks of Tropical Cyclones over the 
Western North Pacific”—edited by Shanghai 
Typhoon Institute of China Meteorological 
Administration (CMA), is used. To maintain the 
reliability and completeness of rainfall data for 
Yunnan, datasets of daily surface rainfall (covering 
the time from preceding 2000 Beijing Standard Time 
(BST) to current 2000 BST, the same below) from 
weather stations across the province from 1959 to 
2007 are based to identify severe rain events. For 
diagnostics of the circulation, the daily 2.5°×2.5° 
reanalysis from National Centers for Environmental 
Prediction/National Center for Atmospheric Research 
(NCEP/NCAR, USA) flow and geopotential height 
fields at 100 hPa and 500 hPa are used. 

The six levels of TC strength issued by CMA 
lately are used to categorize the TCs that affect the 
precipitation in Yunnan. Following relevant 
specifications of Yunnan Meteorological Observatory, 
province-wide heavy rains are defined to take place if 
22 or more weather stations across the province 
measure this amount and unusually heavy rains are 
said to occur across the province if they are reported 
at nine or more weather stations. 

3  SPATIAL AND TEMPORAL DISTRIBUTION 
OF THE TCS 

3.1  Interdecadal distribution 

According to a general survey, there are a total of 
1652 TCs generated over the western North Pacific 
from 1959 to 2007, or a yearly average of 33.5, and 
147 of the TCs affected Yunnan, or a yearly average 
of 3. TCs generated over the western North Pacific 
affect Yunnan every year, with 1989 being the year of 
most influence (7 TCs) and 1999, 2000, 2002 and 
2004 being the years without any impacts from the 
TCs. For the interdecadal distribution (Figure 1), the 
overall number of the TCs generated in this region 
tends to decrease, with the 1960s being the decade 
with the most cyclogenesis and a corresponding peak 
of influence for Yunnan and the 2000s being the one 
with the least cyclogenesis and a corresponding valley 

of influence for Yunnan. 
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Figure 1. Frequency of interdecadal distribution of the TCs 
affecting the precipitation in Yunnan from 1959 to 2007. The 
abscissa stands for the decade. 

3.2  Monthly and sub-monthly distribution 

Like most synoptic systems, the TC is 
characterized with obvious seasonality. Over the 
49-year period, it occurs in every month (Table 1), 
with the level of activity being mild from January to 
May, increasingly active from March to November, 
staying at a high level from June to September (and 
September sees the most TCs), and increasingly 
inactive from October to December. For those that 
affect Yunnan, they only occur from June to October 
over a cycle marked by four stages of low, rising, high, 
and decreasing rates. Broken down according to the 
level of influence, the affecting TC is mild in the first 
two thirds of June, increasingly active in the last third 
of June through the second third of July, highly active 
in the last third of July through the last third of 
August, and increasingly inactive in September and 
October. July through September is a period of 
high-frequency impacts, taking up 82.7% of the total 
number of TCs, while October is the month with the 
least influence, accounting for just 3.5% of the total. 
On a monthly basis, the Yunnan-influencing TCs 
occur less often in the first two thirds of the month 
than in the last third of the month. 

 
Table 1. Monthly distribution of TCs and times of precipitation 
being affected by them in Yunnan from 1959 to 2007.  

Month Jan. Feb. Mar. Apr. May Jun.
Number 
of TCs 32 17 26 42 70 122 

Affecting 
times  0 0 0 0 0 20 

Month 7 8 9 10 11 12 
Number 
of TCs 263 377 299 221 135 75 

Affecting 
times  46 45 31 5 0 0 

3.3  Geographic distribution 

The precipitation affected by these TCs covers 16 
prefectures of the province. Severe Typhoon 
Georgette (8611) is the TC that has the largest domain 
of influence and rain rate of all. Except for Diqing and 
Xishuangbanna, 15 prefectures were affected by it, 
with 11 of them measuring their extreme rainfall in 
history. Figure 2 shows that Wenshan and Honghe in 
the southeast part and Puer and Xishuangbanna in the 
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southwest part have relatively large influence, with 
the largest impact seen in the prefecture of Honghe 
and least impact in the prefecture of Nujiang in the 
northwest of the province. 
 

 
Figure 2. Number of TCs affecting the precipitation in 

Yunnan. 

As shown in Table 2, Hekou in southeastern 
Yunnan is the region where most weather stations are 
affected by TCs, followed by Wenshan, and Liuku in 
the northwestern prefecture of Nujiang is subject to 
the least influence. Simeng in western Yunnan has the 
maximum amount of storm rainfall, 333 mm, followed 
by Jinping in the southeast, 298 mm, suggesting that it 
is mainly attributed to the local windward terrain.

Table 2. Numbers of the precipitation being affected by TCs and their extreme values from 1959 to 2007. 

Areas affected Numbers 
of TCs 

Sites most 
affected 

Max. rainfall 
(Sites of 

measurement)/mm 

Codes of TCs having 
max. area and degree 

of influence 

Region of 
the 

province 
Shaotong 14 Zhenxiong 99(Shaotong) 0104 Northeast 

Qujing 72 Luoping 169(Luoping) 8611 Northeast 
Wenshan 95 Wenshan 202(Xichou) 8611 Southeast 
Honghe 110 Hekou  298(Jingping) 8611、6907 Southeast 

Kunming 37 Kunming 106(Xundian) 8611 Central 
Yuxi 45 E’shan 161(Xinping) 8611、0309 Central 

Chuxiong 30 Chuxiong 91(Chuxiong) 8611 Central 
Diqing 17 Weixi 97(Weixi) 6313 Northwest 
Nojiang 8 Liuku 58(Liuku) 8611 Northwest 
Lijiang 18 Lijiang 124(Huaping) 8611 Northwest 

Dali 34 Dali 121(Dali) 8611 Western 
Baoshan 31 Longling 142(Longling) 8402 Western  
Dehong 33 Yingjiang 207(Yingjiang) 8611 Western  
Lincang 46 Cangyuan 111(Cangyuan) 6403 Southwest 

Pu’er 66 Ximeng 333(Ximeng) 6907、8611 Southwest 
Xishuangbanna 76 Mengla 190(Mengla) 6403 Southwest 

      

4 SOURCE LOCATIONS AND LANDFALL OF 
THE TCS  

According to the statistics, all of the western 
North Pacific TCs that affect Yunnan eventually can 
be traced back to the area (4–24.6°N, 110–162°E) 
except that two of them originate from Indochina 
Peninsula. Of these 145 TCs, 51 are from the South 
China Sea (35%) and most of them from the central 
and northern parts of the sea; 94 are from the ocean 
east of the Philippines (65%) and they are mainly over 
the Caroline Islands, Luzon, Samar Island and islands 
off the south of Taiwan Island with the most over the 
Caroline Islands (80%). According to a general survey, 
all but two (disappearing over the Gulf of the 
Northern Bay (Gulf of Tonkin)) of the TCs made 
landfall. For the site of landfall, 55 was recorded for 
Hainan, 54 for Guangdong, 28 for northern Vietnam, 
seven for Fujian (five of them made landfall twice on 
Taiwan/Taiwan Straits/Fujian), and one for Taiwan. 
Ten of the TCs for Guangxi made second landfall. It 

is apparent that the TCs affecting the precipitation in 
Yunnan should have made landfall with sites located 
mainly in the two provinces of Hainan and 
Guangdong.  

5 TRACKS OF THE TCS  

As shown in Chen and Huang[15], how extensive 
the TCs influence and how the wind and rain 
distribute in the post-landfall time are closely related 
to the tracks over land. The general survey, conducted 
on the 147 tracks of the TCs affecting the 
precipitation in Yunnan over the 49 years, shows that 
they mainly travel to the northwest and west with 97 
of them passing the bay (66%). Among the 97 TCs 
generating over the ocean east of the Philippines, only 
five did not go through the South China Sea. Instead, 
they moved directly northwestward past the island of 
Taiwan, through the Taiwan Straits and then landed 
again on Fujian before heading west to affect Yunnan. 
Combining the actual sites of landfall with the extent 
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of influence on the precipitation in Yunnan, the 
authors classified the TC tracks into five patterns 
(Figure 3). 
 

 
Figure 3. Moving tracks of the TCs that affect the precipitation 
of Yunnan. 

(1) Pattern of southern tracks (P1). Thirty-nine 
TCs have this pattern of tracks, taking up 26% of the 
total. With this pattern, the TCs mainly affect Honghe 
and Wenshan in the south of the province and cause 
moderate to heavy rain there. A few typhoon-scale 
TCs could continue to travel to the northwest to come 
close to the southeast of the province and result in 
precipitation over most parts of Yunnan. 

(2) Pattern of Hainan landfall (P2). Twenty-three 
TCs have this pattern of tracks, taking up 16%. With 
this pattern, the TCs mainly affect Wenshan, Honghe, 
Xishuanbanna and Puer in the south of the province, 
resulting in heavy rain over most areas and usually 
heavy rain in some locations. 

(3) Pattern of Straits and Peninsula (P3). 
Seventeen TCs have this pattern of tracks, taking up 
about 12%. With this pattern, the TCs mainly affect 
the southern Qujing, Honghe and Xishuangbanna. 
When they are relatively intense or follow a more 
northward track, there will be precipitation over most 
parts of the province. 

(4) Pattern of landfalling in Guangdong (P4). 
Fifty-three TCs have this pattern of tracks, taking up 
36%. Having the largest influence on Yunnan, the 
TCs usually cause intense rainfall across the province, 
particularly for Wenshan, Honghe, Yuxi, Puer, 
Xishuangbanna, and Lincang, where heavy- to 
very-heavy rain occurs. 

(5) Pattern of landfalling in Taiwan and Fujian 
(P5). Seven TCs have this pattern of tracks, taking up 
4.8%. With this pattern, the TCs are mainly super 
typhoons and most of them stop moving in Guangxi 
or southeastern Yunnan. Some of them weaken to 
form inverse troughs, affecting eastern and southeast 
Yunnan, even northeastern and central Yunnan. 

In addition, there are other irregular tracks, such 
as looping, parabolic and recurvature. With this 

pattern of tracks, the TCs usually cause light rain with 
moderate or heavy rain in some parts of the 
southeastern Yunnan. 5.4% of the TCs belong to this 
pattern. 

According to other statistics (figure omitted), TCs 
of all patterns of tracks can result in intense rainfall 
across Yunnan. P1 has the most number of impacts on 
the province, but it causes only 5% of the intense rain. 
Though with a small probability of occurrence, the 
TCs of P5 are associated with the largest probability 
(57%) of the intense rain. TCs with the irregular 
tracks take up 25% and have probabilities of intense 
rain that are higher than those of P1 and P2. It can be 
concluded that the westward going TCs from the 
western North Pacific are one of the main regimes to 
cause intense precipitation in Yunnan. 

6 TRACKS AND CATEGORIES OF THE TCS  

As shown in the statistics, the 147 TCs that 
influence the precipitation of Yunnan include 38 
super typhoons, 29 severe typhoons, 34 typhoons, 30 
severe tropical storms, 9 tropical storms, and 7 
tropical depressions. In other words, super typhoons 
are the most while tropical depressions are the least. 
Regardless of the intensity, all TCs can result in 
intense rain across the province (Table 3), with super 
typhoons taking up the most (33.3%) and tropical 
depressions the least (1.3%). Besides, however they 
move, all TCs can produce intense rain across the 
province, with P4 having the most times (44%), as 
shown in Table 4. 
Table 3. Distribution of different categories of TCs affecting 
the intense rain in Yunnan from 1959 to 2007. 

TC categories Times of 
occurrence Percentage (%) 

Tropical depression 4 5.3 
Tropical storm 1 1.3 

Severe tropical storm 15 20.0 
Typhoon 17 22.7 

Severe typhoon 13 17.3 
Super typhoon 25 33.4 

Sum  75 100.0 

Table 4. Same as Table 3 but for different patterns of TC 
tracks. 

TC track patterns Times of 
occurrence Percentage(%)

Southern (P1) 11 14.7 
Hainan Is. (P2) 14 18.7 

Strait-peninsula (P3)） 7 9.3 
Landfall in Guangdong (P4) 33 44.0 
Taiwan-Fujian landfall (P5) 6 8.0 

Others 4 5.3 
Sum  75 100.0 

7 CIRCULATION BACKGROUND OF 
WESTWARD GOING TCS AFFECTING 
THE PRECIPITATION OF YUNNAN 
PLATEAU   

             Ⅴ 

      Ⅳ 

    Ⅲ 

  Ⅱ 

Ⅰ 
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The movement of TCs is mainly subject to 
steering air flows. There have been some works on the 
relationships between large-scale circulation and TC 
activity and the rain it brings about[19, 20]. To better 
understand the background circulation field of the 
precipitation associated with TCs affecting the 
Yunnan plateau, this paper conducted a composite 
analysis of the circulation background for the first 24 
hours of influence for Yunnan with five patterns of 
TC tracks to determine five associated patterns of 
upper-level circulation. 

(1) Southern pattern (P1). On the 100 hPa height 
field (Figure 4a), the center of the South Asia high is 
located at the central and southern part of Tibetan 
Plateau and there is northeast-by-east wind larger than 
25 m/s over the Indochina Peninsula and Bay of 
Bengal. On 500 hPa (Figure 4b), two troughs coexist 
with a trough in the middle and higher latitudes of 
Eurasian continent while the westernmost point of the 
subtropical high is around 105°E and its ridge 
between 25°N and 30°N. There is 
monsoon-depression circulation over the Indian 
Peninsula-Bay of Bengal region and circulation of 
westward going TCs over Indochina. It is usual for the 
Intertropical Convection Zone to connect the two 
circulations. 

(2) Hainan-landfall pattern (P2). On 100 hPa 
(Figure 5a), the center of the South Asia high is over 
the Iranian Plateau (60°E, 33°N) with the value of the 
central circulation circle increased to 1684 dagpm, a 
northeast-by-east jet stream is larger than 28 m/s over 
the central and southern Yunnan, Indochina Peninsula 
and Bay of Bengal, and the upper-level easterly jet 
stream is more northward than with P1. On 500 hPa 
(Figure 5b), the circulation is mainly zonal in the 
middle and higher latitudes of Eurasian continent with 
the westernmost point of the subtropical high ridge 
around 115°E and the ridge near 25°N. A 
high-pressure circulation of 592 dagpm is located 
more eastward (over the East China Sea) and the 
Tibetan high pressure is mostly westward. A 
circulation of monsoon depression is present over the 
Indian Peninsula-Bay of Bengal while a circulation of 
west-traveling TCs exists over Indochina Peninsula. 

(3) Straits-peninsula landfalling pattern (P3). On 
100 hPa (Figure 6a), the South Asia high is westward 
at the western part of the Iranian Plateau with the 
value of the central circulation circle increased to 
1688 dagpm and the coverage extended in a 
northeast-southwest direction. The high is both 
stronger and more extensive than with P1 and P2. 
Correspondingly in the area south of 26°N, a 
northeast-by-east jet stream is greater than 30 m/s and 
more intense than with P1 and P2. On 500 hPa (Figure 

6b), three troughs are with two ridges in the middle 
and higher latitudes of Eurasian continent with the 
westernmost point of the subtropical high around 
110–115°E. The rear portion of the high is usually 
with a closed high of 592 dagpm that centers on the 
East China Sea and Okinawa, Japan. A strong Iranian 
high extends east to the western portion of the Indian 
Peninsula, a monsoon trough is active over the Bay of 
Bengal and circulations of west-going TCs are found 
over the Indochina. 

(4) Guangdong landfalling pattern (P4). On 100 
hPa (Figure 7a), the South Asia high has two centers, 
one over the western part of the Iranian Plateau and 
the other over the southeastern part of the Tibetan 
Plateau, with a circulation circle of 1680 dagpm 
distributing east-west and the coverage and intensity 
both smaller than those of P3. An east-northeast jet 
stream located south of the high (28°N) is greater than 
30 m/s. On 500 hPa (Figure 7b), there are two troughs 
and one ridge over the middle and higher latitudes of 
the Eurasian continent and the westernmost point of 
the subtropical high retreats to 120°E. While the 
Tibetan Plateau high is mostly 584 dagpm strong, a 
circulation of monsoon depressions is seen for the 
Indian Peninsula and Bay of Bengal. At this time, TCs 
are usually active over the ocean east of the 
Philippines to form a circulation of twin TCs or 
multiple TCs, together with cloud regimes developing 
on the ITCZ. 

(5) Taiwan-Fujian landfalling pattern (P5). On 
100 hPa (Figure 8a), there are two centers for the 
South Asia high, one being over the western part of 
the Iranian Plateau and the other over the southeastern 
Tibetan Plateau. Being 1684 dagpm strong, the 
circulation extends its circle slightly in a 
northeast-southwest direction. The pattern has greatest 
intensity and coverage of all the five landfalling 
patterns. An east-northeast jet stream, with wind 
speed greater than 30 m/s, originates from the Bay of 
Bengal and extends north to reach the central part of 
Sichuan Basin. On 500 hPa (Figure 8b), two troughs 
and two ridges distribute in the middle and higher 
latitudes of the Eurasian continent, a stripe-like 
subtropical high is between 30°N and 40°N with its 
westernmost point at 125°E, the Iranian high is 
relatively strong, monsoon depressions or troughs are 
active over the Indian Peninsula and Bay of Bengal, 
and typhoon depressions or inverted troughs, which 
are formed from weakened TCs, move with an 
westward-extending and intensifying subtropical high 
to affect Yunnan, along with other systems.
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a. 100 hPa                                     b. 500 hPa 

Figure 4. Geopotential height fields (solid curve, unit: dagpm) and wind fields (arrows, unit: m/s) for TCs of the southern pattern of 
tracks. 

 
a. 100 hPa                                     b. 500 hPa 

Figure 5. Same as Figure 4 but for the pattern of TCs making landfall in Hainan. 

 
a. 100 hPa                                     b. 500 hPa 

Figure 6. Same as Figure 4 but for the pattern of TCs making landfall in the strait-peninsula. 

 
a. 100 hPa                                     b. 500 hPa 

Figure 7. Same as Figure 4 but for the pattern of TCs making landfall in Guangdong. 
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a. 100 hPa                                     b. 500 hPa 

Figure 8. Same as Figure 4 but for the pattern of TCs making landfall in the strait-peninsula.

It is suggested from the analysis above that a 
more westward-located 100 hPa South Asia high 
makes it more likely for the westward-going western 
North Pacific TCs to affect the lower-latitude Yunnan 
Plateau. As an upper-level easterly jet stream of the 
southeastern Tibetan high is over the southeastern 
Tibetan Plateau, Yunnan, Indochina and Bay of 
Bengal, intense convergence is formed. When the 
South Asia high has a single center that is over the 
Iranian Plateau, the stronger and more westward it is, 
the more westward the TC makes landfall. When it 
has twin centers, the more eastward the center of the 
high in southeastern Tibetan Plateau and the stronger 
the high, the more eastward the TC makes landfall. 

On 500 hPa, the middle latitudes are predominant 
with zonal circulation and moderately intense 
westerly troughs while the low-latitude tropics are 
characteristic of monsoon depressions and active 
ITCZ. As the subtropical high is the key system that 
steers TCs to move to the west, the extension of the 
westernmost ridge point to the northeastern part of 
Yunnan, the expansion of its periphery anti-cyclonic 
circulation to the Tibetan Plateau, or the merger of the 
subtropical high with the Tibetan high will all be 
conducive to TCs going westward to the interior part 
of China to affect Yunnan. The site of TC landfall is 
more to the west when the ridge of the subtropical 
high is south of 30N; the former is more to the east 
when the latter is north of 30N. 

8 CONCLUSIONS   

(1) Almost every year, Yunnan is being affected 
by TCs traveling from the western North Pacific. 
Showing a general trend of interdecadal decline, the 
TC effect happens only in June to October that 
fluctuates from low, rising, high and falling levels. 

(2) The impact of TCs on the precipitation of 
Yunnan can be seen over most of the province, with 
southern Yunnan having relatively larger share and 
Honghe having the most. 

(3) The TCs that influence Yunnan mainly come 

from the ocean around Caroline Islands east off the 
Philippines, central and northern South China Sea. 
Most of these TCs go through the Northern Bay. 
Super typhoons produce the most processes of intense 
rainfall. 

(4) All of the five patterns of TC tracks can cause 
intensive province-wide rain in Yunnan with P4 
exerting the most frequent and extensive influence. 
The probability for P5 and other patterns to make 
landfall is small but they bring about a relatively high 
frequency of intense rainfall. 

(5) A westward-located South Asia high and a 
stable and powerful subtropical high act as main 
backgrounds of circulation for the TCs to go 
westward and make landfall. 
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