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Abstract Using important weather reports from Chinese surface-based observing stations,the China Meteorological
Administration (CMA) tropical cyclone best track data and hour-by-hour precipitation data from 2010 to 2016,
statistical analysis of surface gales and its accompanying weather in southeastern China under the influence of
tropical cyclones (TCs) was conducted, and the results show that: 1) TC gale in this region is mainly distributed
along the coastline, with decreasing frequency from coast to inland; TC gale is dominated by the northeast wind
direction, and the gale is mostly before the typhoon landfall. The strong wind speed of magnitude 12 and above are
distributed within 300km of the TC center; 2) TCs of TS and TY intensity caused the most gale, but the strong wind
speed of magnitude 16 and above are mainly found in the STY and Super TY intensity classes. Gale caused by slow
TC mainly appears its shift to the right front side, and fast mainly appears its right rear side. The mean onshore wind
speed of TC gale are slightly larger than the offshore wind speed, although the station frequency of onshore wind is
more than that of offshore wind when the wind speed between level 12 and level 16,when the wind speed above
level 16,offshore wind is much more than that of onshore wind ; 3) TC gale accompanied by precipitation accounts
for about 89.8% of the total number of TC gale, distributed near the center of TC, with predominantly northeasterly
winds and peak frequency occurring in August. TC gale without precipitation accounts for about 10.2%, mainly
distributed in the periphery of the TC, with northerly and southeasterly winds predominantly with weak wind speed,
mostly in May and December. TC gales with wind speed above level 12 are almost always accompanied by
precipitation, while there are few samples of TC gales with wind speed above 12 without precipitation; 4)
Accompanied by strong convective weather TC gale accounts for about 23.8% of the total TC gale, with
northeasterly winds dominating, the average wind speed is greater than the non-strong convective TC gale; Strong
convective weather including short-term heavy precipitation and thunderstorms, with the majority of short-term
heavy precipitation (about 79.5% of this type of TC gale), mainly distributed in the northeast quadrant near the TC
center, while thunderstorm TC gale mainly appears in the periphery of TC (about 28.0% of this type of TC gale), of
which there are relatively few in the southeast quadrant. 5) TC gale with both short-time heavy precipitation and
thunderstorms accounts for only 1.8% of the total TC gale and 7.5% of strong convective TC gale, indicating that
thunderstorms were not common in TC gale with short-time heavy precipitation.
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Fig. 1 (a)Distribution of 703 national ground stations in the southeast region (filled color indicates altitude, blue
dots are stations below 600-m above sea level, red dots indicate high mountain stations with altitude greater than
or equal to 600-m); 2010-2016 Geographical distribution of (b) the average annual frequency of TC gales at each

station and (c) the location of TC causing gales , with the color of the dots representing different frequencies
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Fig. 2 2010-2016(a) Wind speed distribution of TC gale relative to TC center , the size of the dots and color

shades represent the magnitude of wind speed ( m/s); each circle from inside to outside represents the distance



between the station and TC (100km per circle), the same below; (b)Distribution of mean and  (¢) maximum TC
gale wind speed at each station (dots) , with the color shades representing the magnitude of wind speed , 17, 25,

33, and 51 m/s corresponding to 8, 10, 12, and 16 wind force
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Fig.3 2010-2016 Wind speed distribution of TC gale relative to TC center at different intensity levels (a) weaker
than TD, TD and TS, (b) STS and TY, (c) STY and Super TY. The location of TC causing gales at different
intensity levels (d) weak than TD , TD and TS, (e) STS and TY, (f) STY and Super TY ,with the color of the dots
representing different frequencies from 2010 to 2016
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Fig. 4 2010-2016 Wind speed distribution of TC gale relative to TC center when TCs move at different speeds: (a)



less than or equal to 15km/h, (b) greater than 15km/h and less than or equal to 25km/h, (c) greater than 25km/h;
The location of TC causing gales at different moving speeds: (d) less than or equal to 15km/h, (e) greater than
15km/h and less than or equal to 25km/h, (f) greater than 25km/h from 2010 to 2016, the color of the dots

represent different frequency
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Fig. 5 Frequency distribution of the sixteenth quantile of wind direction when the station is located in different
orientations of TC (a) northwest (b) northeast (c) southwest (d) southeast from 2010 to 2016, where the orientation
indicated by the line segment is the wind direction, the number at the end of the line segment is the mean wind
speed, the length of the line segment represents the proportion of that wind direction, and the number of each circle

represents the proportion size (the same below)
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Fig. 6 Relative position of (a) offshore wind and (b) onshore wind speed levels of TC gale from 2010 to 2016, the

size of the triangle and color shades represent the magnitude of wind speed(m/s); the circle represents the distance

between the station and TC (100 km per circle)
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Fig.7 2010-2016 (a) Pie chart of the proportion of TC gale accompanied by precipitation, light blue represents
one-hour precipitation less than 20 mm, dark blue represents short-term heavy precipitation with one-hour
precipitation greater than 20 mm, and gray represents no precipitation; (b) Pie chart of the proportion of TC gale
accompanied by various types of strong convective weather, dark green represents only thunderstorm weather,
orange represents only short-term heavy precipitation weather, and Light green represents thunderstorms and

short-time heavy precipitation at the same time, and gray represents no strong convective weather
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Table 1 Proportion of TC gales accompanying various types of strong convective weather
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Fig. 8 (a) Annual and (b) monthly changes in the frequency of TC gales with precipitation (green), TC gales with
strong convection (orange) and TC gales without accompanying weather (gray), (c) annual and (d) monthly
changes in the proportion of TC gales with precipitation to the total number of all TC gales, and (e) annual and (f)
monthly changes in the proportion of TC gales to the total number of all TC gales accompanied by short-term
heavy precipitation (green), thunderstorms (red), and both (yellow) (horizontal coordinates are time, vertical

coordinates are proportions, numbers on the columns mean percentages)
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Fig.9 2010-2016 (a) Annual average frequency distribution of TC gale accompanied by strong convection at each
station; (b) Location distribution of TC gales accompanied by strong convection relative to the TC center, blue for

thunderstorms and red for short duration heavy precipitation
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Fig. 10 Spatial distribution of the annual average frequency of (a) TC gales with precipitation and (b) TC gales
without precipitation from 2010-2016, with the color shades of dots representing frequency ; (c)Distribution of TC
gale stations accompanied by hourly precipitation of different intensities relative to TC center location, the size of
dots and color shades represent amount of precipitation(mm) and (d) TC gales without precipitation relative to the

location of TC centers
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Fig. 11 2010-2016 (a) Box-and-whisker plots of wind speeds for TC gale (blue), strong convective gale (red), and
accompanying strong convective TC gale (green) and (b) accompanying precipitation TC gale (blue), and TC gale
without precipitation(red), with the highest and lowest line segments of the box-and-whisker plots being the
maximum and minimum values, respectively, and the box-and-whisker segments from top to bottom being the

wind speeds at the 75th, 50th, and 25th quartiles, respectively, and the dots are the mean wind speeds
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Fig. 12 (a) TC gale, (b) TC gale accompanied by strong convection and (c¢) strong convective gale (d) TC gale
accompanied by precipitation and (e) TC gale without precipitation wind direction hexadecile frequency

distribution from 2010 to 2010
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Fig. 1 (a)Distribution of 703 national ground stations in the southeast region (filled color indicates altitude, blue
dots are stations below 600-m above sea level, red dots indicate high mountain stations with altitude greater than
or equal to 600-m); 2010-2016 Geographical distribution of (b) the average annual frequency of TC gales at each

station and (c) the location of TC causing gales , with the color of the dots representing different frequencies
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Fig. 2 2010-2016(a) Wind speed distribution of TC gale relative to TC center , the size of the dots and color
shades represent the magnitude of wind speed ( m/s); each circle from inside to outside represents the distance
between the station and TC (100km per circle), the same below; (b)Distribution of mean and  (¢) maximum TC
gale wind speed at each station (dots) , with the color shades representing the magnitude of wind speed , 17, 25,

33, and 51 m/s corresponding to 8, 10, 12, and 16 wind force
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Fig.3 2010-2016 Wind speed distribution of TC gale relative to TC center at different intensity levels (a) weaker
than TD, TD and TS, (b) STS and TY, (¢) STY and Super TY. The location of TC causing gales at different
intensity levels (d) weak than TD , TD and TS, (e) STS and TY, (f) STY and Super TY ,with the color of the dots
representing different frequencies from 2010 to 2016
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Fig. 4 2010-2016 Wind speed distribution of TC gale relative to TC center when TCs move at different speeds: (a)
less than or equal to 15km/h, (b) greater than 15km/h and less than or equal to 25km/h, (c) greater than 25km/h;
The location of TC causing gales at different moving speeds: (d) less than or equal to 15km/h, (e) greater than
15km/h and less than or equal to 25km/h, (f) greater than 25km/h from 2010 to 2016, the color of the dots

represent different frequency
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Fig. 5 Frequency distribution of the sixteenth quantile of wind direction when the station is located in different
orientations of TC (a) northwest (b) northeast (c) southwest (d) southeast from 2010 to 2016, where the orientation
indicated by the line segment is the wind direction, the number at the end of the line segment is the mean wind
speed, the length of the line segment represents the proportion of that wind direction, and the number of each circle

represents the proportion size (the same below)
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Fig. 6 Relative position of (a) offshore wind and (b) onshore wind speed levels of TC gale from 2010 to 2016, the

size of the triangle and color shades represent the magnitude of wind speed(m/s); the circle represents the distance

between the station and TC (100 km per circle)
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Fig.7 2010-2016 (a) Pie chart of the proportion of TC gale accompanied by precipitation, light blue represents
one-hour precipitation less than 20 mm, dark blue represents short-term heavy precipitation with one-hour
precipitation greater than 20 mm, and gray represents no precipitation; (b) Pie chart of the proportion of TC gale
accompanied by various types of strong convective weather, dark green represents only thunderstorm weather,
orange represents only short-term heavy precipitation weather, and Light green represents thunderstorms and

short-time heavy precipitation at the same time, and gray represents no strong convective weather
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Fig. 8 (a) Annual and (b) monthly changes in the frequency of TC gales with precipitation (green), TC gales with
strong convection (orange) and TC gales without accompanying weather (gray), (c¢) annual and (d) monthly
changes in the proportion of TC gales with precipitation to the total number of all TC gales, and (e) annual and (f)
monthly changes in the proportion of TC gales to the total number of all TC gales accompanied by short-term
heavy precipitation (green), thunderstorms (red), and both (yellow) (horizontal coordinates are time, vertical

coordinates are proportions, numbers on the columns mean percentages)
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Fig.9 2010-2016 (a) Annual average frequency distribution of TC gale accompanied by strong convection at each

station; (b) Location distribution of TC gales accompanied by strong convection relative to the TC center, blue for

thunderstorms and red for short duration heavy precipitation

(a) (b)

35°N 35°N -

30°N 30°N -

25°N 25°N

20°N 20°N -
15°N 15°N

105°E 110°E 115°E 120°E 125°E 105°E 110°E 115°E 120°E 125°E
[ ——— )
(d) 0 5 10
N
W NE
r<=01
© 01<r<4.9
5.0<r<14.9
© 15.0<r<29.9
© 30.0<r>69.9
 >70.0(mmh)
w E
7
w et oS SE

S

10 2010-2016 4F (a) fEREFEK TC KRA (b) ToBE/K TC KRB A M A7, 15 s R %
RFPIR AL W5 (o) FEBEAS A SR/ NG R 7K S TC RS SANT TC FRobfr B4, R KN i
EIRERARFR AR RN Cfr: =KD A (d) TEFE7K TC R RAENT TC st s B 451 s



Fig. 10 Spatial distribution of the annual average frequency of (a) TC gales with precipitation and (b) TC gales
without precipitation from 2010-2016, with the color shades of dots representing frequency ; (c)Distribution of TC
gale stations accompanied by hourly precipitation of different intensities relative to TC center location, the size of
dots and color shades represent amount of precipitation(mm) and (d) TC gales without precipitation relative to the

location of TC centers
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Fig. 11 2010-2016 (a) Box-and-whisker plots of wind speeds for TC gale (blue), strong convective gale (red), and
accompanying strong convective TC gale (green) and (b) accompanying precipitation TC gale (blue), and TC gale
without precipitation(red), with the highest and lowest line segments of the box-and-whisker plots being the
maximum and minimum values, respectively, and the box-and-whisker segments from top to bottom being the

wind speeds at the 75th, 50th, and 25th quartiles, respectively, and the dots are the mean wind speeds
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Fig. 12 (a) TC gale, (b) TC gale accompanied by strong convection and (c) strong convective gale (d) TC gale
accompanied by precipitation and (e) TC gale without precipitation wind direction hexadecile frequency

distribution from 2010 to 2010






