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ABSTRACT

In this paper, an objective technique for estimating the tropical cyclone (TC) precipitation from station
observations is proposed. Based on a comparison between the Original Objective Method (OOM) and the
Expert Subjective Method (ESM), the Objective Synoptic Analysis Technique (OSAT) for partitioning TC
precipitation was developed by analyzing the western North Pacific (WNP) TC historical track and the daily
precipitation datasets. Being an objective way of the ESM, OSAT overcomes the main problems in OOM,
by changing two fixed parameters in OOM, the thresholds for the distance of the absolute TC precipitation
(D0) and the TC size (D1), into variable parameters.

Case verification for OSAT was also carried out by applying CMORPH (Climate Prediction Center
MORPHing technique) daily precipitation measurements, which is NOAA’s combined satellite precipitation
measurement system. This indicates that OSAT is capable of distinguishing simultaneous TC precipitation
rain-belts from those associated with different TCs or with middle-latitude weather systems.

Key words: tropical cyclone precipitation, the Original Objective Method, comparison analysis, the Ob-
jective Synoptic Analysis Technique
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1. Introduction

Many studies have focused on the precipitation
that is associated with tropical cyclones (TCs) (Glea-
son et al., 2000; Phil and Douglas, 2001; Ren et al.,
2002; Akira et al., 2005). A remaining critical issue
requires an estimation of the TC precipitation from
the daily rainfall records, which usually also consists
of the influences of other weather systems.

One way to partition TC precipitation is to analyze
synoptic “hand-analysis” maps. This method has been
used by the Shanghai Typhoon Institute for more than
50 years and is referred to as the Expert Subjective
Method (ESM) in this paper. The ESM can provide
a valuable reference for weather forecasts, however, it
takes a long time to complete and its results are sub-
jective. Therefore, it is necessary to find an effective

approach to obtain objective methods for separating
TC precipitation. In previous studies, a certain circle
with a fixed radius around a TC center was used to
define the region for TC precipitation (Phil and Dou-
glas, 2001; Akira et al., 2005) by assuming that the
area influenced by any TC in a certain region doesn’t
change. As we know, TC sizes can vary from several
hundreds to more than 1000 kilometers (Elsberry et
al., 1987). In this case, a small, fixed circle won’t en-
compass the total precipitation of a large TC. On the
contrary, too large of a circle will include precipitation
from other weather systems. Therefore, a fixed circle
method often incorrectly partition TC precipitation
from the total precipitation.

To overcome this weakness, one may think of em-
ploying an adaptive circle size, with the radius being
set corresponding to the intensity of the TC. The chal-
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(a) (b) 
Fig. 1. An example of the partitioning of the TC precipitation. (a) The distribution of the n station daily precipitations
(Unit: mm) and (b) the results of the partitioning of the TC precipitation. The “+” denotes the location of the TC
center and “•” is used for the TC precipitation, while other symbols refer to other rainbelts or scattered precipitation
stations.

lenge with this method is to get reliable TC size infor-
mation during its lifetime. Nowadays, three different
kinds of TC datasets are available: (1) traditional TC
position and intensity (minimum central pressure or
maximum wind speed, in the western North Pacific
with datasets available since 1949), (2) U. S. Air Force
aircraft reconnaissance data, and (3) satellite observed
datasets. Although the TC size information can be
estimated according to different definitions of the TC
size, the relationships between the TC size and its in-
tensity are not sufficient for obtaining the necessary
information about the TC size from these datasets
(Merrill, 1984; Weatherford and Gray, 1988a; Liu and
Chan, 1999). Using the average radius of the outer-
closed isobar (ROCI) as a measurement of TC size,
Merrill (1984) found that in both the western North
Pacific and the Atlantic Ocean that the typical TC size
varies seasonally and regionally and is only weakly cor-
related with cyclone intensity. An in-depth analysis of
the TC outer wind structure by Weatherford and Gray
(1988a,b), based entirely on aircraft reconnaissance
data, indicated that the R–15 (the mean radius of the
15 m s−1 surface winds around a TC’s center, another
definition of TC size) and R–25 (the same as R–15 but
for 25 m s−1) values were also only weakly correlated
with cyclone minimum sea level pressure (MSLP). Us-
ing data from the European Remote-Sensing Satellites
1 and 2 (ERS-1 and ERS-2), with the size of a TC be-
ing defined as the mean radius at which the relative
vorticity decreases to 10−5 s−1, a study by Liu and
Chan (1999) showed that the mean TC size in the
western North Pacific (WNP) also varied seasonally,
with larger values observed in late autumn in compar-
ison to midsummer. These results generally indicate

that TC size information cannot be directly derived
from the TC intensity. For this reason, the adaptive
circle method is also questionable.

In addition, several discontinuous rain-belts may
exist in a given TC at one time, which are generally
asymmetric with respect to the TC center (Elsberry
et al., 1987). Thus, simply using a circle around a TC
center cannot capture asymmetric TC rain-belts satis-
factorily, while the aforementioned subjective method
can identify such asymmetric rain-belts. Therefore,
the question becomes whether it is possible for a com-
puter to analyze synoptic maps instead of people. If
so, TC precipitation can be captured not only reliably,
but also quickly and objectively.

Based on such a consideration, a numerical tech-
nique for estimating TC precipitation, which is named
as the Originally Objective Method (OOM), was de-
veloped by Ren et al. (2001). This technique over-
comes the disadvantages mentioned above. However,
the method was first developed for a relatively com-
plete analysis for Atlantic Ocean hurricanes influenc-
ing U. S. A. and only a few case studies for the WNP
basin. The characteristics of the TC size varies re-
gionally and TC sizes in the WNP TCs are character-
istically larger than those in its Atlantic counterparts
(Merrill, 1984; Liu and Chan, 1999). The technique
need to be further tested before it can be applied to
TCs in the WNP basin, which is the objective of this
study.

In this study, in order to improve the technique for
China, a comparison analysis between the objective
method and ESM was carried out, and then, an ad-
vanced technique, which is called Objective Synoptic
Analysis Technique (OSAT) for partitioning TC pre-



702 ESTIMATING TROPICAL CYCLONE PRECIPITATION FROM STATION OBSERVATIONS VOL. 24

Fig. 2. A flowchart of the Objective Synoptic Analysis Technique (OSAT) for partitioning TC precipitation
in China.

cipitation and briefly described by Wang et al. (2006),
has been obtained.

2. The advanced technique

TC precipitation can result from the TC eyewall
and spiral rainbands, or from the interactions between
the TC circulation and other local weather systems.
Two parameters are used to define the size of a TC, re-
ferred to as D in this study: D1 and D0, which are the
maximum and minimum values, respectively. There
may also be several independent rainbelts, which are
generally asymmetric with respect to a TC center, and
some scattered precipitation stations within D at a
given time.

The idea behind OSAT is to imitate the process by
which a weather forecaster manually analyzes a synop-
tic map. Suppose on a daily surface weather map, the
precipitation distribution and position of a TC cen-
ter are labeled. To analyze the TC precipitation, a
weather forecaster usually takes two steps: first, based
on the structure of the precipitation distribution, the
daily precipitation field is separated into several in-

dependent rainbelts and some scattered precipitation
stations and second, according to the forcaster’s expe-
rience and the relationship between the TC center and
the independent rainbelts and scattered precipitation
stations, the weather forecaster can visually determine
which rainbelts are associated with a given TC.

Here, we let the daily precipitation be denoted as
p(1), p(2), · · · , p(n), for the stations that are located
at longitudes of lon(1), lon(2), · · · , lon(n) and lati-
tudes of lat(1), lat(2), · · · , lat(n) (Fig. 1a). In this
example, a TC center is located over the delta of the
Yangtze River, as shown in Fig. 1b. As a weather
forecaster will do to Fig. 1, OSAT also takes two
steps: first separating independent rainbelts from one
another and then distinguishing the TC rainbelts. Fig-
ure 2 presents the fowchart of the OSAT and a detailed
procedure is provided in the following section.

2.1 Separating the independent rainbelts

2.1.1 Computing raining rate of neighborhood sta-
tions

First, for given station j (j = 1, 2, · · · , n), neigh-
borhood stations may be defined as those stations that
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are located within a certain distance (such as 200 km).
For the raining station j (p(j) > 0), the raining rate
of the neighborhood stations is

r(j) = m/M, j = 1, . . . , n (1)

where M and m are the number of neighborhood sta-
tions and the raining neighborhood stations, respec-
tively. The value of r(j) ranges from 0.0 to 1.0 with
a station with no precipitation (p(j) = 0), having r(j)
set to 0.

2.1.2 Selecting the most potential rainbelt centers
For station j, when r(j) is greater than a certain

value R0, it belongs to a certain rainbelt. So there are
three steps. First, it is necessary to sort the values of
r(j), for each of the n stations, in descending order.
Second, the station with the largest raining rate of
the neighborhood stations is selected as a most poten-
tial rainbelt center (simply called rainbelt center from
now on). Finally, other n − 1 stations are checked as
well, and in this step, each of the n − 1 stations can
be selected as a most potential rainbelt center if the
following requirements are all satisfied,

r(j) > R0 (2)

and

d > dc (3)

where d is the minimum distance between station j
and any other rainbelt center that has already been
defined, and dc is a constant, predefined distance (such
as 300 km). In order to separate all of the indepen-
dent rainbelts from one another, R0 is generally set to
0.3− 0.5.

2.1.3 Defining the main characteristics of a rainbelt
Now if we suppose that K rainbelt centers have

been defined, for each of the K rainbelt center sta-
tions, the following procedure must be carried out.

Step 1: If the station doesn’t belong to any par-
ticular rainbelt, it is said to belong to a new rainbelt
l.

Step 2: If station j belongs to rainbelt l, for any
of its neighbor stations, and it does not belong to any
other rainbelts, it belongs to rainbelt l if either of the
following two conditions is met:

p(j) > P0 and r(j) > R0 , (4)

p(j) > 0 and r(j) > 0.5 . (5)

In order to separate the rainbelts that are connected
together by small precipitation, (4) and (5) are re-
quired for large and small precipitation, respectively.

Here, P0 is the threshold for separating large and small
precipitations (empirically 5 mm). For example, in
Fig. 1b the rainbelts indicated by “N” and “•” are in-
dependent. As the potential bridge station “•”, which
is the closest one to rainbelt “N”, had a small precip-
itation (p(j) < 5 mm) with r(j) < 0.5, it cannot be
considered a real “bridge” connecting the two indepen-
dent rainbelts “N” and “•”.

Step 3: For a station that is selected as a member
of rainbelt l, step 2 is repeated until there are no neigh-
bor stations that match these requirements. Once this
is completed, we return to step 1 for the next rainbelt
center station to be analyzed.

2.1.4 Roughly defining edges of the L rainbelts
Now suppose that L (L 6 K) rainbelts have been

defined through the above procedure. The follow-
ing step only deals with the scattered raining stations
(p(j) > 0) that don’t belong to any rainbelt after the
steps in the preceding section were completed. For
each of these stations the following process is estab-
lished:

Step 1: Among its neighbor stations, the numbers
of stations that belong to the L different rainbelts are
counted as numbers (1), (2), . . ., (L).

Step 2: For a maximum number (lmax), only when
lmax > 0，the station belongs to rainbelt lmax, other-
wise it is considered a scattered raining station.

2.1.5 Carefully defining edges of the L rainbelts
After obtaining a rough definition of the edges of

the L rainbelts, procedure 2.1.4 may be repeated one
or more times to define the edges of the L rainbelts
more accurately.

As of this stage in the process, L independent rain-
belts (Fig. 1b) and some scattered raining stations
(Fig. 1b, identified by “◦”) have been successfully sep-
arated.

2.2 Distinguishing TC rainbelts

TCs can influence China by both landfall and a
passby. If the minimum of the distance between the
TC center and a station (any of the n stations) is
Dmin (Dmin ≈ 0 when landfall or on the land), the
TC precipitation can be effectively distinguished as
defined in the upcoming section.

2.2.1 Selecting potential TC rainbelts
A potential TC rainbelt may be defined when ei-

ther of the following two requirements is met:

Dtb < D0 + Dmin , (6)
∑

v(k) > 8.0, k = 1, . . . , Ml , (7)

where
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v(k) =





4.0 where d(k) 6 300 km + Dmin

2.0 where 300 km + Dmin < d(k) 6 400 km + Dmin

1.0 where 400 km + Dmin < d(k) 6 500 km + Dmin

0.5 where 500 km + Dmin < d(k) 6 600 km + Dmin

0.0 else .

Here, Dtb is the distance between the TC center and
the rainbelt-weighted-precipitation center, Ml is the
number of stations that rainbelt l possesses, and v(k)
is a function of the distance d(k) between the TC cen-
ter and station k of rainbelt l.

For example in Fig. 1b, there is only one potential
TC rainbelt, which includes both the TC rainbelt “•”
and the rainbelt that is located in the center-northern
portion of Northeast China.

2.2.2 Defining the whole TC rainbelt
For a certain raining station j, it belongs to the

whole TC rainbelt when either of the following two
requirements is met:

Dts < D0 (8)
Dts < D1 and station j belongs to a

potential TC rainbelt , (9)

where Dts is the distance between the TC center and
station j, and D0 and D1 are generally referred to
as the thresholds for the distance of the absolute TC
precipitation and for TC size (radius), respectively. In
some cases, a potential TC rainbelt is produced by the
interactions between a TC and other local weather sys-
tems, in this case D1 is used to distinguish TC precip-
itation from that of other systems. After this process,
the whole TC rainbelt (Fig. 1b, identified by “•”) can
be defined. In addition, if the number of stations be-
longing to the TC rainbelt is not greater than three,
no value for the TC precipitation can be estimated.

In WNP, the typical values of D0 and D1 are
500 km, which is the maximum of the distance be-
tween a TC center and its squall in front of it, and
1100 km, which is usually given as the maximum of
the radius for a TC’s outlet (Brand, 1972; Elsberry
et al., 1987), respectively. In this technique, D0 and
D1 are variable parameters according to TC’s intensity
(maximum wind speed) (Table 1).

3. Description of data and comparison analy-
sis

The WNP TC data used in this study were sup-
plied by the Shanghai Typhoon Institute, which con-
tain 6 hourly positions, estimated maximum sustained
wind speed (MSWS) and MSLP of each TC occurrence

during the period between 1949 and 2005. Two daily
precipitation datasets are available in this study. One
includes data collected from 677 Chinese stations, in
which 659 stations were from the National Meteoro-
logical Information Center and the other 18 were from
Taiwan Island. The other was a daily TC precipitation
dataset acquired by the Shanghai Typhoon Institute
(also referred to as the ESM dataset later in this arti-
cle), which was composed of 1474 stations. Figures 3a
and 3b show the distribution of the 677 stations and
that of 1474 stations from these two datasets, respec-
tively. A close inspection of the two datasets reveals
that the time coverage of the daily precipitation for the
659 stations was from 0000 UTC to 2400 UTC. The
station numbers continue to increase during the pe-
riod between 1951–2000, with a sharp rise from about
170 in 1951 to approximately 610 in 1959. Meanwhile,
the time coverage of the daily TC precipitation for the
1474 stations varied in the past, from 0000 UTC to
2400 UTC during the period from 1949 to 1984 and
from 2000 UTC the previous day for a full 24 hour
period for the timeframe between 1985 and 2003. In
addition, the daily TC precipitation data was discon-
tinuous for most stations over the past 55 years.

Considering the uncertainties involved in the dif-
ferent datasets, the period 1951–2003 was selected for
the comparative analysis. A TC was defined as an
influencing TC only when it produced a rainbelt over
the mainland of China or any of the two biggest islands
of China, Taiwan and Hainan. Thus, influencing TCs
include both those TCs that made landfall and those
that passed just offshore of the Chinese mainland.

In order to verify the OSAT’s capability for par-
titioning the TC precipitation, daily station precip-
itation data from all over China during 2005 and
NOAA’s CMORPH (Climate Prediction Center MOR-
PHing technique) daily precipitation were applied to
this study. At present, CMORPH precipitation data
is the combined estimates that are derived from the
passive microwaves aboard the U. S. Air Force De-
fense Meteorological Satellite Program (DMSP) satel-
lites 13, 14 and 15 (SSM/I), the NOAA-15, 16
and 17 (the Advanced Microwave Sounding Units B,
AMSU-B) and the Tropical Rainfall Measuring Mis-
sion (TRMM)(TMI) spacecrafts. CMORPH produces
global precipitation analyses with very high spatial
(0.07277 degrees lat/lon, 8 km at the equator) and
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Table 1. Values of D0 and D1 as a function of the TC maximum wind speed

TC’s maximum sustained wind speed (Unit: m s−1) D0 (Unit: km) D1 (Unit: km)

TCs far away from China u < 17.2 (tropical depreesion) 200 600
(Dmin > 300 km) 17.2 6 u < 24.4 (tropical strom) 300 800

24.4 6 u < 32.6 (strong tropical strorm) 400 1000
u > 32.6 (typhoon and above) 500 1100

TCs close to China u < 17.2 (tropical depression) 300 800
(Dmin 6 300 km) u > 17.2 (tropical strom and above) 500 1100

   
      

(a) (b) 
Fig. 3. The distributions of the two datasets from the stations, (a) the 677 stations and (b) the 1474
stations as discussed in the text.

temporal (30 minutes) resolution and the period of
record for the CMORPH daily precipitation dataset
was from 3 December 2002 to the present.

In the comparison analysis, the differences between
the results obtained by the objective method and the
ESM were mainly due to the differences in the coverage
associated with the two different techniques.

A diagram of the TC precipitations obtained via
the objective method (A) and the ESM (B) are pre-
sented in Fig. 4. The common area is defined as A∩B
and the total area is A∪B. Two difference indices were
used and are defined as follows:

Q = (A ∪B)− (A ∩B) , (10)
P = (A ∩B)/(A ∪B) , (11)

where Q is absolute difference in the area between the
two methods, with a larger Q implying that the dif-
ference is more significant. Meanwhile, P is defined
as the area consistent rate between the two methods,
with the values ranging from 0 to 1, where a smaller
P means that the difference is more significant. When
Q → 0 and P → 1, results from the two methods are
approximately the same. In other words, if the result
of ESM is ideal, then the data obtained by the objec-
tive method is as well.

In this study, a 0.5◦ × 0.5◦ latitude-longitude grid
was used. Inverse-distance interpolation was applied
to transform the TC rainband station data onto the
aforementioned grid mesh. To limit the TC rainband

expansion, this grid procedure was confined to the re-
gion where the TC rainband was distributed. As a
grid can also represent a quadrangle, it was easy to
calculate the area represented by a given grid as,

Agrid = (πr/360)2 × cos ϕ , (12)

where r is the radius of the Earth, ϕ is the latitude
of the grid, and Agrid was the grid area in km2. The
values of Agrid are summed over the TC rainbelt grids
to yield the size of the impacted area as follows:

A =
l1∑

k1=1

Ak1 , B =
l2∑

k2=1

Bk2 , (13)

where l1 and l2 are the numbers of grids comprising
the two TC rainbelts.

Based on these two indices, three different indices
were defined:

Daily indices: For a certain day, two indices can
be defined as

Qd = Q , (14)
Pd = P , (15)

where Qd and Pd are called the daily-absolute-area
difference and daily-area-consistent rate, respectively.

Case indices: For a certain TC case, two indices
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Fig. 4. A Sketch map for the TC precipitations from the
objective method and the expert subjective method.

can be defined as

Qg =
n∑

i=1

Qdi , (16)

Pg =

n∑
i=1

(Ai ∩Bi)

n∑
i=1

(Ai ∪Bi)
, (17)

where Qg and Pg are the case-accumulated-absolute-
area difference and case-accumulated-area-consistent
rate, respectively, and n is the number of days when a
TC was found to influence China.

Overall indices: For a certain period, such as a
year or longer, two indices can be defined as

Qt =
m∑

j=1

nj∑

i=1

Qdij , (18)

Pt =

m∑
j=1

nj∑
i=1

(Aij ∩Bij)

m∑
j=1

nj∑
i=1

(Aij ∪Bij)
, (19)

where Qt and Pt are the overall-accumulated-
absolute-area difference and overall-accumulated-area-
consistent rate, respectively, while m and n are the
number of TC cases occurring during the period and
the number of days for case j, respectively.

4. Results and discussions

Figure 5 depicts the Qg − Pg distribution for the
TC cases of OOM. Totally, there are 1811 TC cases
that occurred during 1951–2003 and OOM identified
1013 cases that influenced China. The indices showed
that the differences between OOM and ESB were rela-
tive large, with average Qg, maximum Qg and average
Pg being 1.26× 106 km2, 7.79× 106 km2 and 0.29, re-
spectively. Further inspection revealed that significant
differences between OOM and ESM may be sorted as
three different types:

  00.20.40.60.81 0 200 400 600 800 1000Q g(104 km2)Pg  
Fig. 5. Qg − Pg distributions for some TC cases from
OOM.

(1) Pg = 0, Qg > 0 (
n∑

i=1

Ai = 0,
n∑

i=1

Bi > 0); the

case where ESM recognized the TC precipitation while
OOM did not. This type had 9 cases and Qg was very
small, with values ranging between 5 × 103 km2 and
1.4 × 105 km2. The situation involving this type was
that ESM recognized the TC precipitation, the area of
which was very small, along the coast or parts of the
two islands. The difference results from the different
methods of dealing with the small-area TC precipita-
tion.

(2) Pg = 0, Qg > 0 (
n∑

i=1

Ai > 0,
n∑

i=1

Bi = 0);

namely the case where the OOM recognized the TC
precipitation and the ESM did not. There were 264
cases of this type, with 115 cases having a Qg less than
2×105 km2, 109 having Qg falling between 2×105 km2

and 1×106 km2, and the last 40 cases having Qg falling
between 1× 106 km2 and 2.87× 106 km2. Further ex-
amination reveals that there were two reasons for this
type to occur, (a) for cases with small Qg, OOM rec-
ognized the TC precipitation (more than 3 stations)
along the coast or parts of the two islands while the
ESM did not or (b) some TC precipitation data was
lacking or the wrong dates were used for some of the
TC cases in the ESM dataset. Some examples include
the 17th case that occurred in 1961, the 49th case of
1967 and the 15th case of 1984.

(3) Pg 6= 0; with a very small Pg and a large Qg,
In this case, the case-accumulated-area-consistent rate
was small, while the case-accumulated-absolute-area
difference was large. After a careful inspection, three
reasons for this type were determined as follows:

(a) Some important parameters of the OOM
needed to be adjusted. For instance a large Qg is
due to large Qd. In order to analyze the possible re-
lationships between the different indices and the TC
intensity, a statistical analysis of the TC intensity for
the days with the most significant difference yields
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   (a) (b) 

Fig. 6. The results of the partitioning of the TC rainbelt using (a) ESM and (b) OOM for the data from
4 July 2002 in China. The “+” denotes the location of the TC center, the “•” symbol denote the TC
precipitation, and the “◦” symbol represents the precipitation due to the other local weather systems.

0.38 > Pd > 0 and Qd > 1.5× 106 km2.
Statistical results show that for the 15 days with

the most significant differences, the TC’s MSWSs
were all smaller than 12.1 m s−1. In other words,
the 15 days with the most significant differences oc-
curred during tropical depressions (when MSWS<17.2
m s−1). Comparison analysis with synoptic “hand-
analysis” maps revealed that this was due to an un-
reasonable expansion of the TC precipitation area by
OOM. In OOM, it is one of the main reasons that
the parameters D0 and D1, which are 500 km and
1100 km, respectively, are fixed, with no consideration
of the relationship between these parameters and the
TC intensity. It should be expected that these 15 cases
would be improved if D0 and D1 were smaller.

(b) The time coverage of the daily data from the
two datasets were very different from each other (see
section 3 for details).

(c) There were some potential errors in the ESM
dataset.

The 7th TC Rammasun in 2002 influenced China
significantly. Figure 6 presents the results of partition-
ing the TC precipitation using both ESM and OOM for
the data of 4 July 2002. The TC rainbelt distributions
that resulted from OOM are more reasonable than
those resulting from ESM, as the rainbelt in North-
east China, which was more than 1500 km away from
TC center, shouldn’t be considered as a TC precipi-
tation. Inspection of weather maps also showed that
there was a cold front with a depression in Northeast
China during 4–5 July 2002.

Based on the above comparison analysis, it was
revealed that defining D0 and D1 as fixed parame-
ters was the main problem for OOM. Therefore, it
is necessary to allow these to be considered as vari-
ables. Furthermore, considering that the interactions

between TCs and middle latitude systems tend to re-
sult in more frequent far-distance heavy rainfall after
or around the time of a TC’s landfall, these parameters
need to be variable and their values should be deter-
mined according to the relative distance between the
TC and the mainland of China. The principle for de-
signing the developing scheme of OOM was defined as
follows: (1) Values of these parameters vary according
to TC categories, with small values being used for low-
level grades, where the value ranges for D0 and D1 are
defined as [200 km, 500 km] and [500 km, 1100 km],
respectively. (2) The values of D0 and D1 for TCs that
are close to China should not be smaller than those for
TCs far from China.

Under these conditions, 12 different schemes (in-
cluding OOM itself) were designed and the Qt − Pt

distributions for these schemes are presented in Fig-
ure 7. Obviously, the worst one is OOM, which had
the maximum value of Qt(1.39 × 109 km2) and the
mini- 

0.380.40.420.440.460.48
0 20 40 60 80 100 120 140 160Q t(107 km2)Pt  

The best scheme OOM 
Fig. 7. The Qt − Pt distribution for the 12 developing
schemes as discussed in the text.
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Fig. 8. Variations in the annual, accumulated-areas-
consistent rates between OOM (or OSAT) and ESM.

mum value of Pt(0.396) for any of the 12 schemes.
Meanwhile, OSAT was the best, which was introduced
in detail in section 2, with the minimum value of
Qt(7.5×108 km2) and the maximum value of Pt(0.472)
for any of the 12 schemes being observed.

Two conclusions can be reached through the com-
parison of the performance of both OOM and OSAT:

(1) OSAT is much better than OOM. Figure 8
shows that the annual Pt of OSAT is greater than that
of OOM for every year since 1953 and for the period
between 1951–2003, the average Pt showed an increase
of 0.07. For the extreme situation, OSAT’s maxi-
mum Qg and Qd were 4.88 × 106 km2 and 1.78 × 106

km2, which are significantly smaller than the values of
7.79×106 km2 and 2.40×106 km2 that were obtained
for OOM, respectively. In addition, the averages of Qg

and Qd for OSAT were 9.4×105 km2 and 2.3×105 km2,
which were both smaller than the values of 1.26× 106

km2 and 2.9 × 105 km2 obtained for OOM, respec-
tively. (2) The effect of an objective method on the
final results was quite sensitive to the number of sta-
tions, especially when that number was less than 400.
However, when the number was greater than 400, the
results obtained via an objective method were rela-
tively stable with only a slightly increasing trend with
the number of stations.

Figure 9 presents the results from the partition-
ing of the TC precipitation in China for TCs Koni
and Imbudo using OSAT. Koni’s lifetime was from 15
to 23 July 2003, while Imbudo’s lifetime encompassed
the time between 16 and 25 July 2003. Both of these
TCs influenced China from 22 to 23 July. On 22 July,
Koni crossed the Beibu Gulf and produced precipita-
tion over western South China and southern Southwest
China, while Imbudo passed North Philippine and only
brought the TC edge precipitation along the eastern
coast of Guangdong. On the next day, precipitations
from the remnants of Koni covered southern Yunnan
and southwestern Guizhou, while Imbudo’s rainbelt

occurred in Hainan and Guangdong. After compar-
ison with the CMORPH precipitation data, these re-
sults proved to be reasonable. In other words, OSAT
has the capability to distinguish precipitation rainbelts
for different TCs at the same moment quite well.

Matsa was the most serious TC case that influ-
enced China in 2005. Figure 10 depicts the precipi-
tation distribution and the TC rainbelt using OSAT
during the period from 3 to 9 (for brevity, some figures
are not shown) August 2005.

It is necessary to describe the large-scale pattern.
At 500 hPa geopotential height fields on 3 August
2005, the WNP high was very strong and extended
westward over southeastern China, while a strong
trough covered the Chinese mainland from the North
to the Southwest, including a cyclone over southern
North China. As the WNP high was stable and
blocked the trough from moving directly eastward, the
trough was maintained from 4 to 6 August, and weak-
ened slowly, with its southern part merging into Matsa
and its northern part continuing northeastward along
the northwestern edge of the WNP high. In the 850
hPa geopotential height and wind fields, a strong shear
line was observed over the mainland of China and its
variations were similar to the 500 hPa trough observed
during the same period.

On 6 August, TC Matsa made landfall at Zhejiang
Province and under the leading air flow it continued
northwestward and then eventually northward across
East China (Fig. 10d), while the inverse trough of
Matsa interacted with the shear line during the period
between 4 and 6 August.

Figures 10a–c show daily station precipitation dis-
tributions and the TC rainbelts. Between 4 to 9 Au-
gust 2005, there was always a large precipitation area
located in eastern China, which during the first 3
days was mainly produced through the interactions be-
tween Matsa and the wind shear and during the next 3
days resulted mainly from the interactions between the
Matsa circulation and a new, small, westerly trough
moving in from the west. In order to verify the TC
rainbelt, NOAA’s CMORPH precipitation maps are
provided as Figs. 10e–g. On 3 August, CMORPH map
show that Matsa produced rainfall only over Taiwan
Island, and on the next day, the CMORPH precipita-
tion and circulation (wind data) show the southeast
coast being impacted by Matsa. On 5 August, Matsa
influenced most of East China and on the next day its
rainbelt extended northwestward, into eastern Center
China. On 7 August, Matsa moved northward and its
impact reached northern Center China and southern
North China and on 8 August, Matsa was observed to
have moved northward quickly and had begun to in-
fluence the Northeast. By 9 August, Matsa had weak-
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       22 July 2003 for Koni                  22 July 2003 for Imbudo  
               23 July 2003 for Koni                  23 July 2003 for Imbudo  
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Fig. 9. (a)–(d) Results of the partitioning of the TC precipitation in China for two TCs,
Koni and Imbudo, during a given day using OSAT. The “+” denotes the location of the
TC center, the “•” symbol represents the TC precipitation and the “◦” symbol represents
the precipitation due to other local weather systems. (e)–(f) The associated CMORPH
precipitation maps.

ened quickly and its precipitation was mainly observed
in parts of the Northeast. Based on the above analysis
and the absence of precipitation data for Taiwan Is-
land, the TC rainbelts using OSAT for Matsa in Figs.
10a–c were relatively reasonable, and OSAT showed
the capability to separate the TC precipitation from
the inverse trough of Matsa that was created from a
shear line. Figure 10d also shows that Matsa brought
precipitation into a large area, about 1000 km away

from its track.

5. Summary

An advanced technique for estimating TC precip-
itation from station observations, named OSAT, has
been developed. Some conclusions can be drawn as
follows:

(1) Comparison analysis between OOM and ESM
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Fig. 10. The precipitation distributions and TC rainbelt using OSAT during the period of from 3
to 9 August 2005 showing TC Matsa influencing China. (a)–(c) present the daily station precip-
itation distributions and the TC rainbelts using OSAT, while (e)–(g) present NOAA’s CMORPH
daily precipitation distributions. TC Matsa’s track and distribution of stations that were influenced
by Matsa are presented in (d). In Fig.10 (a)–(d), “•” represents the TC precipitation, while “◦”
represents the precipitation due to other weather systems (rainfall data for the Taiwan Island was
not available). The “◦” denotes the location of the TC center and the solid line represents the path
of the TC.
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revealed that for partitioning TC precipitation in
China, the main problem with OOM was that the
thresholds for the distance of the absolute TC pre-
cipitation (D0) and the TC size (D1) were fixed, while
it was observed that more accurate results could be
obtained if these parameters were allowed to vary.

(2) Results of OSAT showed significant improve-
ments in the simulation of the overall-accumulated-
absolute-area difference, Qt, the accumulated-area-
consistent rate, Pt, the extreme and average daily in-
dices (Qd and Pd, respectively) and the case indices
(Qg and Pg, respectively).

(3) This case study indicates that OSAT showed
the capability to distinguish precipitation rainbelts
for different TCs from those associated with middle-
latitude weather systems.

Actually, the difference between the results ac-
quired by OSAT and those from ESM are still signif-
icant. The above comparitive analysis suggests that
there may be two main reasons for this: (1) the differ-
ences between the two datasets, especially the differ-
ence in the date-time coverage and (2) some yet un-
known shortcomings may still exist in either OSAT or
ESM, which may also result in the observed differences
between the results.

In conclusion, OSAT has shown significant im-
provements when compared with OOM and has been
presented as being quite capable in partitioning the
TC’s precipitation. It can be expected that this
progress may enhance the basis for the study of TC
precipitation climatology and TC disaster assessment.
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