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Abstract: The distribution of precipitation field from the typhoon Haitang (2005) during its landing on Fujian province
shows obvious asymmetric feature. Based on the NCEP/NCAR FNL (Final Analysis) data, this study reveals the
contributions of atmospheric factor to the asymmetrical distribution characteristics of precipitation associated with the
typhoon, through the analysis of water vapor condition, vertical ascending motion condition, the calculation of the dry Q
vector and its decomposition, and adiabatic heating in the air column of 1000hPa-600hPa (lower atmosphere) and
500hPa-100hPa (upper atmosphere). The results are as follows: (1) In the lower atmosphere, the humidity on both sides
of typhoon path can be equivalent, while it is more wet on the right side than left in the upper atmosphere, which
obviously presents asymmetric distribution characteristics. (2) Both range and intensity of the vertical motion on the
right side are wider and stronger than counterparts on the left side no matter in the lower or upper atmosphere. (3) In
the upper atmosphere, forcing role of atmosphere in vertical upward motion on the right side of typhoon path is the
same as that on the left, while it is significantly different in the lower atmosphere, which is significantly broader in
scope and stronger in the intensity, along with obvious asymmetric distribution characteristics. In addition, the further
analysis of the Q vector decomposition indicates that the forcing effect of mesoscale weather systems on vertical
upward motion is stronger than that of large scale weather systems in the lower atmosphere. (4) The adiabatic heating
always exists on both lower and upper atmosphere, and the range and intensity of the adiabatic heating forcing showed
asymmetric distribution on both lower and upper atmosphere. (5) In a summary, the upper atmosphere humidity
conditions, the forcing role of lower atmosphere in vertical upward motion, especially, to mesoscale weather system,
and adiabatic heating in the lower atmosphere, all show similar asymmetric distribution characteristics to that of
precipitation field from the typhoon Haitang (2005), that is to say, the atmospheric factors as mentioned above are all
contributed to genesis of the asymmetric distribution characteristics of precipitation.
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1 INTRODUCTION

Landfall tropical cyclone (TC) usually leads to the
obvious precipitation. According to the land records,
distribution of precipitation associated with TC is often
asymmetric, with no obvious circular features,
especially the torrential rainstorm or extraordinary
rainstorm distribution is very uneven and changeable.
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Scholars at home and abroad carried out a wide range
of related research of TC’s precipitation distribution
characteristics and its cause, along with observation,
diagnostic analysis and numerical simulation. Based on
a large number of observations, Chen et al. and Cheng
et al. pointed out that the range and intensity of heavy
rain from majority TC landed in the right semicircle is
significantly greater than counterparts in the left halft"3,
Based on the composite analysis of landing TC’s
precipitation observations, some researchers (Cline!¥;
Koteswaram and Gaspar *!; Miller ®; Frank!") suggested
that landfall TC’s rainfall distribution is obviously
asymmetric, and the maximum precipitation mainly
located in the TC’s right-front side. However, there are
also the opposite conclusions, Parrish et al. and Elsberry
found that the maximum precipitation is located in the
left-front side of landing TC®?. What is more, Burpee
and Black found that the change of asymmetric
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characteristics of landfall TC’s precipitation existed in
some way, and the location of the maximum
precipitation moved from TC’s left side to the right
side ™ . The above analysis showed that the complexity
of the TC’s precipitation distribution is obvious. This
also came from the complexity of the reasons that the
heavy rain of landing typhoon took place. It involved
the typhoon circulation structure, strength, track, moving
speed, environment field, underlying surface and so on.
We can see that analysis of the formation reason with
the asymmetric  distribution  characteristics  of
precipitation associated with typhoon was feasible on
the basis of atmospheric factor. Tao et al. analyzed the
relationship between the asymmetry of the flow field
and thermal field structure and the formation of
torrential rain by the routine observation after the
typhoon Polly (9216) landed . Ding et al. studied the
effects of asymmetric structure of typhoon Doug (9414)
on precipitation by using large-scale weather system
configuration, satellite cloud image and the results of
numerical simulation ".  Recently, using quasi-
geostrophic @ vector, Atallah et al. analyzed the
dynamics reason that distribution of precipitation from
tropical cyclones was asymmetric after their landfall in
the eastern US ™. In addition, in order to reveal the
reasons for the formation of asymmetric distribution of
precipitation caused by landfall TC, there were also
many meteorologists (Tuleya and Kurihara™); Bender
et al. 1; Wu et al.'¥; Chen and Yau U7 Lv et al.l'¥
Yuan et al."; Ding et al.®; Wang et al.?; Xu et al.)
to carry out related research through the (ideal)
numerical simulation method. Obviously, the above
researches have made some progress.

As we all know, the distribution of precipitation
from typhoon Haitang (2005) was asymmetric markedly.
Yue et al. found that Haitang (2005) -circulation
structures on land had a characteristic of the north-south
asymmetric distribution by using hourly infrared IR1
images . They also found that contributions from
dynamic factor were much more obvious than the
counterparts from thermodynamic factor. Later, Yue
made a further quantitative research based on the results
of numerical simulation and thought that asymmetric
distribution caused by atmospheric factor forcing could
lead to asymmetric characteristics of vertical ascending
motion to format, then it leaded to the formation of the
asymmetrical characteristic of precipitation, on the other
hand, it could bring out terrain factor to play an
important role, the final result made the asymmetric
characteristics of precipitation in the whole process of
typhoon become further obvious P1. However, the
forcing role of the atmospheric factor were both based
on moisture condition and vertical ascending motion at
700 hPal® #. For the atmospheric factor throughout the
whole column, what about its effect? In order to further
reveal that the atmospheric factor’s role in the
formation of asymmetric characteristics during the

precipitation process of typhoon Haitang (2005), this
study will started from water vapor and upward motion
in upper (500 hPa-100 hPa) and lower (1000 hPa-600
hPa) atmosphere, along with calculating ageostrophic
dry Q vector, its decomposition and diabatic heating,
then dynamic and thermodynamic forcing within the
upper and lower atmosphere and the forcing effects of
different scale weather systems will be analyzed
concretely and carefully, which is contributed to help us
understand the effect of the atmospheric factor on the
formation of asymmetric characteristics during the
precipitation process of typhoon Haitang (2005).

2 DISTRIBUTION FEATURE OF PRECIPITA-
TION FROM TYPHOON HAITANG (2005) AND
BRIEF INTRODUCTION TO DATA

2.1 Distribution feature of precipitation

Typhoon Haitang (2005) landed in the island of
Taiwan, and then it landed again at Huangqi town,
Lianjiang city, Fujian province at 1710 Beijing Standard
Time (BST) 19 July 2005. As in Fig.la, typhoon
Haitang (2005) moved southwestward during 0800BST
19-0800BST 20 July 2005, with obvious precipitation
(Fig.1b). It is noteworthy that torrential rainfall occurred
over the northeast coast of Fujian province, and the
coast and north of Zhejiang province, which were at the
right side of typhoon path, and the precipitation on the
left side of typhoon path was obviously lighter.
Therefore, typhoon path taken as reference standard of
comparative analysis, the range and intensity of 24-h
accumulated precipitation show the obvious asymmetric
distribution feature. As in Fig.2, the range and intensity
of 6-h accumulated precipitation presents similar
asymmetric distribution feature to that in Fig.1b, which
further shows that the asymmetric distribution feature of
precipitation is continuous.

Here it is needed to say specially that the typhoon
path (Fig.la) is mainly takes as reference standard to
analyze asymmetric distribution feature related to
physical quantities, and the difference of range and
intensity of physical quantities between in Fujian
province and Zhejiang province on the right side of
typhoon path and in Fujian province on the left side of
typhoon path is analyzed qualitatively.

2.2 Data

The analysis is based on the NCEP/NCAR Final
Analysis data with time interval of 6h, horizontal
resolution of 1°x1° and vertical resolution of 21 layers
(1000hPa, 975hPa, 950hPa, 925hPa, 900hPa, 850hPa,
800hPa, 750hPa, 700hPa, 650hPa, 600hPa, 550hPa,
500hPa, 450hPa, 400hPa, 350hPa, 300hPa, 250hPa,
200hPa, 150hPa, 100hPa). For convenient analysis, air
column of 1000-600 hPa and 500-100 hPa is used to
represent lower and upper atmosphere, respectively, and
the period from 0800 BST 19 July to 0800 BST 20 July
2005 is taken as the main analyzed period. Meanwhile,
the analysis range mainly targets mainland of China,
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Figure 1. (a) Positions and (b) observed 24 hours accumulated precipitation amount (mm) for typhoon Haitang during 0800 BST
19 Jul to 0800 LST 20 Jul 2005.

(a) (b)

I100

50

l100

50

20N A y - v v r - 20N 1 T - v .
114E 116E 118E 120E 122E 124E 126E 114E 116E 118E 120E 122E 124E 126E

()

32N (d)

30N A

28N

l100

50

l100

26N A 50

24N 1

22N ¥

ON A - T T v \ v 20N A T T v v T v
114E 116E 118E 120E 122€ 124E 126E 114E 116E 118E 120E 122E 124E 126E

Figure 2. Each observed 6 hours accumulated precipitation amount (mm) for typhoon Haitang at 1400 BST 19 Jul (a), 2000 BST
19 Jul (b), 0200 BST 20 Jul (c) and 0800 BST 20 Jul (d) 2005 (shaded areas represent intensity of precipitation over 50mm/6h).
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excluding Taiwan province and oversea.
3 ANALYSIS OF WATER VAPOR CONDITION

As we all know, water vapor condition is one of
the important conditions for precipitation occurrence.
Firstly, the horizontal distribution feature of average
relative humidity RH=70% in lower atmosphere (1 000—
600hPa) from 0800 BST 19 July to 0800 BST 20 July
2005 is analyzed. For convenient analysis, average
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relative humidity with intensity of RH =70%, 80% and
90% are marked as RH,, RHg and RHy, respectively.
As in Fig.3, RHy, and RHg on both sides of typhoon
path do not present asymmetric distribution, and the
asymmetric distribution of RHy is not obvious. So we
can see that none of RHy,, RHy and RHy present
asymmetric distribution feature as in Fig.1b and Fig.2,
which is similar to Yue’s® conclusion of “Neither RHg,
nor RHy, presents asymmetric distribution at 700 hPa”.
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Figure 3. Averaged relative humidity in 1000 to 600hPa air column at 1400 BST 19 Jul (a), 2000 BST 19 Jul (b), 0200 BST 20
Jul (c) and 0800 BST 20 Jul (d) 2005 (positions represent track of typhoon Haitang).

By further analyzing the horizontal distribution
feature (Fig4) of average relative humidity with
intensity of RH =70% in upper atmosphere (500-100
hPa), it can be seen that RHy on both sides of typhoon
path presents asymmetric distribution basically, and
RHg, and RH,, presents asymmetric distribution feature
obviously, with much larger coverage area on the right,
which has a good uniformity to asymmetric distribution
feature of precipitation in Fig.1b and Fig.2.

The above analysis shows that the humidity
condition of lower atmosphere on both sides of
typhoon path is almost equivalent, without asymmetric
distribution, while in upper atmosphere, the right side
of typhoon path is obviously much wetter than the left
side, with obvious asymmetric distribution. It may

mean that lower atmosphere of typhoon often has good
humidity condition, while the distribution feature of the
water vapor condition in upper atmosphere may have a
good indication to the fallout region and intensity of
precipitation.

4 ANALYSIS OF VERTICAL ASCENDING
MOTION CONDITION

Vertical ascending motion is another important
condition for precipitation occurrence. For convenient
analysis, regions of average vertical upward motion with
intensity of |w| =0, |w| 0.1 x10? hPa/s, |w| =0.3 x10?
hPa/s and |w|=0.6x107 hPa/s are marked as W, Wy,
Wos and W, respectively. By analyzing Fig.5 and Fig.6,
it can be known that the range and intensity of vertical



No.3 YUE Cai-jun (EE%), CAO Yu (& %E), et al. 269

35N
JON & as™~ia
25N ApT7

20N 4 oy

AN

120E

15N
35N

125E 130E

\

110E 115E

vy

30N {17
OBN 7 8

3
20N 4 oy

15N

110E 115E 120E 125E 130E

35N

30N {57

25N 1"

20N
i

15N

120E 125E 130E

35N

ON {87
25N 4"

20N
¢

110E 115E 120E 125F 130E

Figure 4. Same as Fig.3, except for 500 to 100hPa air column.

upward motion on both sides of typhoon path present
obvious asymmetric distribution feature, with right side
larger than that of left side, which has a good coherence
to the asymmetric distribution feature of precipitation in
Fig.1b and Fig.2. Comparatively, the range and intensity
of the vertical upward motion on the right side of
typhoon path is wider and stronger than counterparts on
the left side, respectively.

5 ANALYSIS OF AGEOSTROPHIC DRY Q
VECTOR

The vertical upward motion information used in
section 4 is from FNL, which is the result from
comprehensive analysis, including the information of
forcing factors such as terrain, atmosphere and so on.
How to reveal the vertical ascending motion forced by
the atmospheric factor? As we all know, vertical motion
cannot be obtained from the observing method till now,
it mainly depends on analysis based on other physical
quantities. @  vector includes dynamic  and
thermodynamic information of atmosphere. Theoretical
analysis shows that there is a good correspondence
between Q vector divergence and vertical motion under

some conditions. Meanwhile, compared with the
diagnostic method of solving Omega equation which
involves complicated processing as iterative calculation,
Q vector analysis method is simple and practical, which
is considered as an advanced tool for analyzing vertical
motion., The following section will reveal the vertical
upward motion distribution feature forced by the
atmosphere on the basis of analyzing ageostrophic dry
Q vector divergence. As for the forcing effect of
diabatic heating on vertical upward motion field will be
analyzed in the next section.
5.1 “Total” Q vector analysis

Zhang obtained ageostrophic dry Q vector (Q°)
from original equation of quasi-static, adiabatic,
non-frictional, f-plane and p-coordinate system, which
can be expressed as™!:

p_ Lo Ovou_oudvy .oV

0 =G 5w e v O
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Figure 5. Same as Fig.3, except for vertical velocity (unit: 107 hPa/s).
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Figure 6. Same as Fig.5, except for vertical velocity at upper level.
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and others are common physical pa rameters of
meteorology.

With Q@ vector divergence as forced item,
ageostrophic Omega equation is:
2
Vi (ow)+ fza—‘z"= -2v.Q” 3)
If the w field has wavelike feature, it can be

obtained from Eq.(3):
V.0 xw “4)

Eq.(4) can be used to evaluate vertical motion. If
V - 0?<<0, then w <0, showing ascending motion; if
V -Q@P>0, then @ >0, showing descending motion.

The following is to analyze horizontal distribution
characteristics of the Q" vector divergence field
intensity of |2V -@” =0 in lower atmosphere. For
convenient analysis, regions of Q vector divergence
with convergence intensity of 2V :Q%=0, 2V - Q"=
0.1x10" hPa/s’, 2V + Q" =0.5x10" hPa/s’ and 2V
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Q" =1.0x10™" hPa/s® are marked as Qy, Qo;, Qs and
Q.4 respectively. By analyzing Fig.7, it can be known
that the range and intensity of Q” vector divergence con
vergence  present obvious asymmetric distribution
feature, with right side much larger and stronger than
counterparts of left side. It shows that the forcing effect
of ageostrophic dry @ vector on vertical ascending
motion on the right side of typhoon path is much
stronger than counterparts on the left side, which has a
good coherence to the asymmetric distribution
characteristic of precipitation in Fig.lb and Fig.2. By
further analyzing the horizontal distribution of average
[2V +@” =0 in upper atmosphere (Figure omitted), it is
discovered that the asymmetric feature of both range
and intensity of Q” vector divergence convergence field
are not obvious, which shows that the forcing effect of
ageostrophic dry () vector on vertical motion in upper
atmosphere on both sides of typhoon path is almost the
same, without asymmetric distribution feature. So the
forcing effect of ageostrophic dry Q vector on vertical
motion in lower atmosphere on the right side of typhoon
path is much wider and stronger than counterparts on
the left side, with obvious asymmetric distribution.
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Figure 7. Same as Fig.3, except for convergence field of 0” vector divergence (unit: 10°hPa/s).

5.2 Analysis of Q vector partitioning

According to the traditional @ vector partitioning
method, the ageostrophic dry @ vector was often
decomposed into two parts: , was the component
along the direction of potential temperature and Q, was

the component along the direction of potential
temperature gradient.Q, represents the thermal wind
direction with quasi- geostrophic characteristics,
denoting large-scale information; Q, is the geostrophic
departure, denoting the mesoscale weathers (Keyser et
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al.® 7 Kurz ®?); Bames and Colman P 3; Schar and
Wernl B, Martin B> Yue et al.’*]; Pyle et al.l®;
Posselt and Martin ™); Wang et al.™); Yang et al.[];
Thomas and Martin; Liang et al."¥; Yue™),

D D
Q, and @, have similar diagnostic feature to Q°
and can be expressed as follows in the p-coordinate
system:
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The 2V - Q"D and 2V -Qf will be calculated and

analyzed to reveal the forcing effect of different weather
scale system in the following.

Based on the diagnostic results from section 5.1,
this section will only analyze ageostrophic dry Q vector
in the lower atmosphere, with combining “total” Q°
vector divergence convergence field in lower
atmosphere in Fig.7. Compared Fig.8 with Fig.7, it can
be discovered that the horizontal distribution feature of

D . . .
Q, vector divergence convergence field is similar to
that of Q” vector divergence convergence field on the
whole, especially for Q° vector divergence convergence
field with spiral distribu tion feature in Zhejiang

. . . - . . D
province, the distribution characteristic of Q , vector
divergence convergence area is extremely similar to that
of Q” vector divergence convergence area, with almost
the same strength. Overall, there’s difference between

. . . D .

horizontal distribution feature of @, vector divergence

convergence field and that of Q” vector divergence
convergence field, especially for the @° vector
divergence convergence field with spiral distribution in
Zhejiang province, which has not been reflected

b .
basically in Q, vector divergence convergence field,

. . D .
and the convergence intensity of Q, vector divergence
is much weaker than that of Q° vector divergence.

D
Compared with Q_ vector divergence convergence field,

D .
0, vector divergence convergence field is much closer
to Q” vector divergence convergence field in both
horizontal distribution feature and convergence intensity,

D .
which means that Q, vector is the main component of

@” vector, and Qf is the secondary factor. Especially
for spiral distribution feature of the @° vector
divergence convergence field in Zhejiang province,
which is seen as the main factor causing asymmetric
distribution feature of precipitation, the reflecting ability

of Q:) to it is much better than that of Q? in both

horizontal distribution feature and intensity. Meanwhile,
combining with the analysis result from section 5.1, it
can be considered that forcing effect of mesoscale
weather system in low atmosphere is much stronger
than that of large-scale weather system, which
contributes more to the forming of asymmetric
distribution characteristic of precipitation in Fig.1b and
Fig.2.

6 ANALYSIS OF DIABATIC HEATING
EFFECT

Many studies show that diabatic heating is related
closely to precipitation occurrence. Therefore, it is
necessary to analyze cause of asymmetric distribution of
precipitation from the aspect of diabatic heating.
According to the job of Yue et al., the relation between
diabatic heating and vertical motion can be expressed as
follows™”:

Rl

c fpVZ(H)ocmH )

r

where, H is diabatic heating rate, w, is the vertical
motion forced by diabatic heating in p-coordinate
system. Eq.(7) has similar diagnostic feature to Eq.(4).
As for H, it includes all heating information such as
condensation heating (large-scale condensation heating
and convective condensation heating), radiation heating
and sensible heating, the equation can be expressed as:

dé 96 06 06 o0
s—=——tUu—+Vv—to—

a ot ox Ay op

where, u and v are horizontal wind field, w is vertical
speed, 6 is potential temperature, and others are
common physical parameters in meteorology. It needs to
be specified that @ in Eq.(8) is from FNL. The Laplace
of diabatic heating in upper and lower atmosphere will
be calculated in order to reveal the forcing effect of
diabatic heating on vertical motion. For convenient

®)

»

description, the Laplace of diabatic heating CRd V(H)
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Figure 8. Same as Fig.3, except for convergence field of O, vector divergence (unit: 10"*hPa/s).

is marked as HD.

Firstly, the forcing effect of diabatic heating in
lower atmosphere on vertical ascending motion will
be analyzed, i.e., the evolution feature of average
| R

Cp

analyzed. What’s more, I%VZ(H) =0, | CR'dp v?
P P

(H) | =1.0x10" hPa/s’, | CRfdpvz (H) | =5.0x10"
»

V? (H)|=0 regiona in air column will be

hPa/s® and | R,
C,p

»
marked as HD,, HD,,, HDs, and HD,,, respectively.
From Fig.9, it can be known that the range and
intensity of HD convergence on both sides of typhoon’s
track present obvious asymmetric distribution feature,
and the forcing effect of diabatic heating on the right
side of typhoon path is wider and stronger than
counterparts on the left side, which is consistent with
the asymmetric distribution feature of precipitation in
Fig.1b and Fig.2. By further analyzing forcing effect of
diabatic heating on vertical ascending motion in upper
atmosphere (Figure omitted), it can be discovered that
HD convergence field in upper atmosphere presents
certain asymmetric distribution as well. Above analysis
shows that there’s diabatic heating effect within upper
and lower atmosphere in Fujian province and Zhejiang
province on both sides of typhoon path, that is to say,
the range and intensity of diabatic heating effect in

V2 (H)|=10.0x10" hPa/s® are

upper and lower atmosphere present certain asymmetric
feature referring to typhoon’s track.

7 CONCLUDING REMARKS

For the asymmetric distribution feature of
precipitation from typhoon Haitang (2005), based on
FNL data, by analyzing water vapor and vertical
ascending motion in upper and lower atmosphere,
calculating ageostrophic dry @ vector with its
partitioning and diabatic heating effect, and taking
typhoon path as reference standard, the contributions of
atmosphere factor are analyzed. The results are as
follows:

(1) The humidity condition in lower atmosphere on
both sides of typhoon path is almost equivalent, without
asymmetric distribution, however, there is much more
vapor in upper atmosphere on the right side of typhoon’s
track, with obvious asymmetric distribution feature.

(2) The range and intensity of vertical ascending
motion in upper and lower atmosphere on the right side
of typhoon path is much wider and stronger than
counterparts on the left side, with obvious asymmetric
distribution feature. By analyzing ageostrophic dry Q
vector, it can be discovered that forcing effects of
ageostrophic dry Q vector on vertical motion in upper
atmosphere on both sides of typhoon path are almost
equivalent, and the range and strength of forcing effect
of ageostrophic dry Q vector on vertical motion in
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Figure 9. Same as Fig.3, except for convergence field of

lower atmosphere on the right side of typhoon’s track
are much wider and stronger than counterparts on the
left side, with obvious asymmetric distribution feature.
The further analysis of Q vector partitioning shows that
the forcing effect of mesoscale weather system in lower
atmosphere is stronger than that of large-scale, which is
more helpful to formation of the asymmetric distribution
feature of precipitation in Fig.1b and Fig.2.

(3) There’s diabatic heating effect in upper and
lower atmosphere, and the range and intensity of
diabatic heating effect present certain asymmetric
distribution feature referring to typhoon path.

According to above, humidity condition in upper
atmosphere, forcing effect of lower atmosphere on
vertical ascending motion, especially the forcing effect
of mesoscale weather system in lower atmosphere, and
diabatic heating effect in upper and lower atmosphere,
all present asymmetric distribution feature similar to
counterparts of the precipitation from typhoon Haitang
(2005), which shows the above factors are conducive to
formation of asymmetric distribution feature of
precipitation.

Furthermore, it also should be noted that the
vertical advection term of Eq. (8) includes vertical
motion with considering forcing effect of diabatic
heating. Two aspects should be noted and considered as
follows: (1) Laplace term of Eq.(8) reflects the relation
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!%’1— V2(H) (unit: 10hPa/s).
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between diabatic heating and vertical motion, ie., the
forcing effect of diabatic heating on vertical motion.
However, the vertical motion is used for calculating
adiabatic heating. Therefore, it is hard to distinguish the
causality between them. (2) As vertical motion cannot
be obtained from observation directly, the vertical
motion will be different based on different diagnostic
methods, thus, influencing the calculating result of
vertical advection term in Eq. (8), and further
influencing the quantitative description of diabatic
heating forcing effect, that is to say, the different origin
of vertical motion in Eq.(8) may result in difference of
diabatic heating forcing effect. Therefore, while
calculating Eq. (8), the calculating method or its origin
of vertical motion should be specified clearly.

It needs to be pointed out that 700 hPa is the link
for middle and low atmosphere, whose meteorological
condition is closely related to the occurrence and
development of weather system. The study of Yue is
based on 700 hPa, and suggests that water vapor
condition may not be the main factor for asymmetric
distribution feature of precipitation from typhoon
Haitang (2005)™. However, this paper is based on the
average factor in upper and lower atmosphere, and 700
hPa is covered in lower atmosphere (1 000—600 hPa),
meanwhile, the diagnostic result of lower atmosphere in
section 3 is consistent with Yue!®!. Furthermore, this
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paper further perfects the job of Yue ™ by careful and
complete consideration of upper and lower atmosphere.

Finally, the formation reason of precipitation from
landed typhoon is complicated, involving typhoon
circulation structure, strength, track, moving speed,
environment field and underlaying surface, each of the
factors above is very important. This paper focuses on
the effect of atmosphere factor, which does not mean
that the effects of other factors are not important. In
fact, the effect of each factor can not be neglected,
especially topography effect. Atmosphere factor is just
one of the many influencing factors, but not all.
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