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ABSTRACT

Analyzed in this paper are the 16-yr (1988-2003) tropical cyclone (TC) intensity data from three major
forecast centers of the western North Pacific, i.e., China Meteorological Administration (CMA), Regional
Specialized Meteorological Center Tokyo (RSMC Tokyo), and Joint Typhoon Warning Center (JTWC) of
the United States. Results show that there are significant discrepancies (at 1% significance level) in the
intensity of TCs among the three centers, with a maximum difference for the same TC over 30 m s−1. The
flight reconnaissance over TC can minish the discrepancy to some extent.

A climatic and persistent prediction model is set up to study the impact of initial data from different
forecast centers on the prediction of TC intensity. It is obtained that the root mean square error (RMSE)
of a 4-yr independent test is the largest using data from JTWC, while the smallest using data from RSMC
Tokyo. Average absolute deviation in 24-h intensity prediction is 2.5 m s−1 between CMA and RSMC Tokyo
data, and 4.0 m s−1 between CMA and JTWC data, with a maximum deviation reaching 21 m s−1. Such
a problem in the initial value increases the difficulty in intensity prediction of TCs over the western North
Pacific.
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1. Introduction

During the past decades, the accuracy of trop-

ical cyclone (TC) track forecast has been improved

constantly all over the world (Chen et al., 2004;

Bryant, 2004), owing greatly to the development in

remote sensing and reconnaissance technique (Velden

and Hawkins, 2002; Marks, 2003), numerical model

(Kurihara et al., 1998; Ma et al., 2004), and the un-

derstanding of TC motion mechanism (Chan, 2002).

Taking China as an example, the 24-h average dis-

tance error of its official forecast has decreased from

240 km in 1985 to 138 km in 2004. However, little

improvement has been made in TC intensity predic-

tion (Elsberry, 2002; Yao et al., 2004; Wang and Wu,

2003). Due to the lack of observations over the ocean,

the difficulty of TC intensity prediction comes from

not only the lack of effective forecast techniques, but

also the unknown true value of TC intensity.

With the development of atmospheric detection

technology, the methods of monitoring TC have been

increased constantly (Chu et al., 2002). In early times,

the information of TC mainly came from navigation

logs and observations over land. From the 1930s to

1960s, a network of radiosonde, weather radar, and

satellite was gradually set up with some aircraft re-

connaissance. The buoy network was set up in the

1970s when the satellite cloud drift wind data were also

put into use. In 1975, Dvorak developed an intensity

estimation technique of TC based on infrared/visible

satellite images, which is still widely used at present.

After the 1990s, the polar orbiting satellite data be-

gan to play more and more important role in the

analyses of TC intensity, such as the AMSU temper-

ature and precipitation data (Demuth et al., 2004),

the QuikSCAT ocean surface wind data (Edson, 2002),

the TRMM microwave data (Edson, 2000), and so on.

However, most part of the network mentioned above

focuses on land. The buoys, ship’s reports, and polar

orbiting satellite data all have a problem of insufficient

spacial and temporal resolution. Furthermore, the air-

craft reconnaissance for TCs in the western North
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Pacific was ended in 1987. The Dvorak technique is

the only tool that the forecast centers can rely on for

most of the time while trying to define the TC inten-

sity. Due to the subjective essence of the Dvorak tech-

nique and the fact that different centers can have ac-

cess to different sources of accessorial data, there gen-

erally exist some divarications among the best track

and intensity datasets from different centers.

Yu and Kwon (2005) made a comparison for

the intensity of Typhoons Prapiroon (2000) and Olga

(1999) among the datasets from three major forecast

centers of the western North Pacific, i.e., China Me-

teorological Administration (CMA), Regional Special-

ized Meteorological Center Tokyo (RSMC Tokyo), and

Joint Typhoon Warning Center (JTWC) of the United

States. It is found that, although the general trend of

intensity change of the two TCs reported by different

centers is similar to each other, there always exist some

discrepancies during any specific period, or even an op-

posite trend. In fact, such a problem in TC intensity

data has long been noticed and the idea of developing

a unified TC dataset for the western North Pacific has

been proposed as early as 2001. However, there have

been no systematic analyses on the differences among

different datasets and how the differences can affect

the prediction of TC intensity.

In the following part of the paper, a general de-

scription of the datasets and analysis method will be

given in Section 2. A comparison of the statistics of

TC frequency, intensity, and intensity change from dif-

ferent datasets will be given in Sections 3, 4, and 5,

respectively. In Section 6, a climatic and persistent

prediction technique is developed to study the possi-

ble impact of initial data from different forecast centers

on the prediction of TC intensity. The conclusions and

discussions will be given in Section 7.

2. Dataset description and analysis method

The intensity of a TC is defined by the max-

imum wind velocity (Vmax) and only the samples

with Vmax >17.1 m s−1 will be studied in this pa-

per. The datasets are from three major forecast

centers for the western North Pacific, i.e., CMA,

JTWC, and RSMC Tokyo. The CMA dataset

is provided by Shanghai Typhoon Institute, and

the JTWC and RSMC Tokyo datasets are down-

loaded from<http://www.npmoc.navy.mil/jtwc/best-

tracks> and <http://www.jma.go.jp/JMA-HP/jma/

jma-eng/jma-center/ rsmc-hp-pub-eg/trackarchives.

html>, respectively. A multiplication factor of 0.871

(Holland, 1993) is applied to convert the 1-min aver-

aged maximum sustained wind speed used by JTWC

to the more commonly used 10-min mean wind.

To ensure the consistency of the data, the com-

parison is made mainly for the period after the end

of aircraft TC reconnaissance, i.e., from 1988 to 2003.

Moreover, data for the period with and without air-

craft reconnaissance are also compared to have an idea

on the effect of aircraft TC reconnaissance, which is

generally considered to be helpful in obtaining much

more reliable intensity estimations. As the RSMC

Tokyo only provides Vmax since 1977, the period with

aircraft reconnaissance studied in this paper is con-

fined to be from 1977 to 1986.

As the statistical models play an important role

in operation for the intensity prediction of TC at

present, a simple climatic and persistent model is es-

tablished to study the possible impact of initial data

from different centers on intensity prediction. The

30-yr (1970-1999) data from CMA are used to set up

the model and 4-yr (2000-2003) data from the three

centers are tested.

3. Statistics of TC frequency

The comparison of annual TC frequency from the

three datasets (Fig.1) shows that the mean annual

TC frequency from CMA is 26.2, between 26.7 from

RSMC Tokyo and 25.1 from JTWC. Figure 1 further

demonstrates that CMA has a dataset with the largest

root mean square error (RMSE) 5.3 in annual TC fre-

quency. They are 4.9 and 4.6 from RSMC Tokyo and

JTWC, respectively. The maximum and minimum an-

nual TC frequencies are 37 and 14, respectively, both

from CMA. However, above differences in the mean

value and RMSE of annual TC frequency are not sig-

nificant at the 99% confidence level and it can be con-

cluded that there is no statistically significant

difference in TC annual frequency among the three
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Fig.1. Statistics for annual TC frequency

from 1988 to 2003 according to the datasets

from CMA, RSMC Tokyo, and JTWC.

datasets.

The frequency of TC at different intensity groups

is also compared by classifying the samples into trop-

ical storm (TS, Vmax between 17.2 and 24.4 m s−1),

severe tropical storm (STS, Vmax between 24.5 and

32.6 m s−1), and typhoon (TY, Vmax larger than 32.6

m s−1) according to the criteria used by CMA from

1989 to 2005. It is shown in Table 1 that annual TYs

from CMA (15.8) are more than RSMC Tokyo (14.3)

and JTWC (14.8). Furthermore, the RMSE of TY fre-

quency from CMA is the largest (4.7) as compared to

4.2 and 3.9 from RSMC Tokyo and JTWC. There is no

obvious difference in the annual number of STS from

CMA and RSMC Tokyo with the same mean value

of 5.7 and small differences in RMSE, maximum and

minimum frequencies. However, the JTWC tends to

report less STSs with an annual mean frequency of

4.6. The RMSE of STS frequency is also the smallest

from JTWC (1.9). Relatively large discrepancy exists

in TS frequency. The annual mean from CMA and

RSMC Tokyo is 4.7 and 6.7, respectively, while that

is 5.7 from JTWC. However, all the differences men-

tioned above are not significant at the 99% confidence

level either.

Table 1. Statistics of annual TY, STS, and TS frequencies according to the datasets from CMA, RSMC Tokyo,

and JTWC

TY STS TS

CMA
RSMC

JTWC CMA
RSMC

JTWC CMA
RSMC

JTWC
Tokyo Tokyo Tokyo

Mean 15.8 14.3 14.8 5.7 5.7 4.6 4.7 6.7 5.7

RMSE 4.7 4.2 3.9 2.3 2.1 1.9 2 2.7 2

Max. 21 20 19 9 9 8 10 13 10

Min. 6 5 7 1 2 2 2 3 2

In order to find out possible impact of aircraft

TC reconnaissance on intensity estimation, statistical

features are also analyzed for the period with flight re-

connaissance (1977-1986) and compared to that with-

out flight reconnaissance (1988-2003). It is obtained

that the discrepancy between CMA, RSMC Tokyo,

and JTWC in the mean annual TC frequency becomes

smaller in the latter period. The average absolute de-

viation between CMA and RSMC Tokyo (CMA and

JTWC) reduces from 1.0 to 0.9 (from 2.2 to 1.9). No

remarkable discrepancy exists in the RMSE of annual

TC frequency difference among the three centers for

the two periods. Taking into consideration the sta-

tistical significance test mentioned above, it can be

concluded that the difference in TC frequency among

the three datasets tends to become smaller after the

end of aircraft reconnaissance, which might be mainly

due to the extensive usage of satellite data and the

better international exchange of information.

4. Statistics of TC intensity

The statistics for TC intensity from the three

datasets (Table 2) demonstrate that there generally

exist differences no matter with or without aircraft re-

connaissance.

For the period of 1988-2003, the mean value and

RMSE of TC intensity from CMA are 30.8 and 10.3 m

s−1, both between those from RSMC Tokyo (30.2 and

9.5 m s−1) and JTWC (32.5 and 12.4 m s−1). The

difference in mean values between any two datasets is

significant at the 99% confidence level.

As for the changes brought about by the end of

aircraft reconnaissance, the discrepancy between CMA

and RSMC Tokyo reduces from 0.9 to 0.6 m s−1 in
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Table 2. Statistics of TC intensity according to the datasets from CMA, RSMC Tokyo, and JTWC

1988-2003 1977-1986

CMA
RSMC

JTWC CMA
RSMC

JTWC
Tokyo Tokyo

Mean (m s−1) 30.8 30.2 32.5 31.3 30.4 30.2

RMSE (m s−1) 10.3 9.5 12.4 11.3 10 10.9

Sample size 8999 9038 8284 5707 5591 4837

the mean intensity, and from 1.3 to 0.8 m s−1 in the

RMSE. However, that between CMA and JTWC in-

creases from 1.1 to 1.7 m s−1 in the mean value, and

from 0.4 to 2.1 m s−1 in the RMSE. The discrepancy

between RSMC Tokyo and JTWC enlarges more ob-

viously with mean intensity difference increasing from

0.2 to 2.3 m s−1 and RMSE difference from 0.9 to 2.9

m s−1. The statistical test at 99% confidence level in-

dicates that there is no significant difference in mean

intensity between RSMC Tokyo and JTWC during the

period of 1977-1986. Then it can be deduced that the

absence of flight reconnaissance enlarges significantly

the discrepancy between CMA or RSMC Tokyo and

JTWC in TC intensity.

According to the distribution of TCs at different

intensity bands (Fig.2), the ratio from CMA is close

to that from JTWC at all the bands with Vmax 640

m s−1, while remarkable discrepancy exists between

RSMC Tokyo and any of them. The ratio of TS and

TY with Vmax 640 m s−1 from RSMC Tokyo is over

5 % higher than that from CMA and JTWC. At STS

band, RSMC Tokyo is on the remarkably lower side.

RSMC Tokyo and JTWC are in good agreement at

the bands of 40-50 m s−1 (about 16 %), with CMA

on the higher side (about 18%). JTWC reports most

TCs stronger than 50 m s−1, while RSMC Tokyo the

least. Another notable characteristic of RSMC Tokyo

dataset is that the ratio tends to descend with the in-

crease of Vmax.

Statistics for the difference in intensity between

CMA and the other two centers by comparing the sam-

ples one by one (Table 3) demonstrate that CMA tends

to be more consistent with RSMC Tokyo during the

period of 1988-2003, with the mean absolute difference

decreasing from 3.0 to 2.5 m s−1 in the period from

1977 to 1986, while that between CMA and JTWC

increases from 3.8 (1977-1986) to 4.1 m s−1 (1988-

2003). Maximum discrepancy between CMA and the

other two centers is more than 30 m s−1. A typical ex-

ample is TC 9521 (Fig.3), for which the intensity from

CMA is obviously weaker than the two other centers in

its decaying phase. The maximum difference between

CMA and JTWC reaches 31 m s−1.

5. Statistics of TC intensity

Statistics of TC intensity change in 24 h are com-

pared among different datasets (Table 4). It can be

seen that JTWC reports the most radical change in

Fig.2. Ratio of TCs at different intensity

bands according to the datasets from CMA,

RSMC Tokyo, and JTWC.
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Table 3. Statistics of difference in intensity between CMA and RSMC Tokyo (CMA minus RSMC Tokyo), CMA

and JTWC (CMA minus JTWC) by comparing the samples one by one

1988-2003 1977-1986

CMA−RSMC Tokyo CMA−JTWC CMA−RSMC Tokyo CMA−JTWC

Mean absolute diff. (m s −1) 2.5 4.1 3.0 3.8

Max. (m s−1) −16 −31 −14 −18

Min. (m s−1) 26 20 32 29

Sample size 8448 7504 5198 4638

TC intensity, with the average being 2 m s−1 and the

RMSE 9.3 m s−1, both of which are the largest among

the three centers. The minimum and maximum values

from JTWC are −40 m s−1 (weakening) and 38 m s−1

(intensifying), respectively. Both are the extrema as

compared to those from the other two centers. RSMC

Tokyo appears to be the most conservative in the in-

tensity change of TC and reports a mean value of 0.8

m s−1, an RMSE of 6.8 m s−1, and a maximum of

only 21 m s−1. Statistics from CMA are medium. The

statistical test at 99 % confidence level further demon-

strates that the difference in 24-h intensity change is

significant among the three datasets.

As for the distribution of 24-h intensity change

(Fig.4), the CMA dataset has a unimodal distribution

with the peak value (27%) in 0-5-m s−1 band. There

are about 19 % cases with no intensity change in 24 h

Table 4. Statistics of TC intensity change in 24 h

according to the datasets from CMA, RSMC Tokyo,

and JTWC

1988-2003
CMA RSMC Tokyo JTWC

Mean (m s−1) 1.6 0.8 2.0
RMSE (m s−1) 7.8 6.8 9.3
Max. (m s−1) 30 21 38
Min. (m s−1) −35 −33 −40
Sample size 8754 7329 8270

Fig.3. Intensity of Typhoon 9521 according

to the datasets from CMA, RSMC Tokyo, and

JTWC.

and a similar ratio for 5-10-m s−1 band. A bimodal

distribution is obtained from JTWC dataset, with the

first peak value (21.7%) in 5-10-m s−1 band and the

second (14.1%) in −5-0−m s−1 band. However, there

are three peak values according to the RSMC Tokyo

dataset, i.e., 5-10 m s−1 (about 22%), 0 m s−1 (16.7%),

and −10-−5 m s−1 (15.7%) bands, respectively.

6. Impact of initial data uncertainty on the

prediction of TC intensity as inferred from

a climatic and persistent prediction model

According to the above analyses, there is re-

markable discrepancy in TC intensity among different

datasets. To have an idea on the possible impacts of

such a kind of data uncertainty on the prediction of TC

intensity, a climatic and persistent prediction model is

set up and 4-yr (2000-2003) independent experiments

are carried out using initial values from different fore-

cast centers.

6.1 The climatic and persistent prediction

method for TC intensity

The stepwise regression is performed on 9 climatic

and persistent predictors (TC latitude, longitude, and

moving velocity at initial time, 12 and 24 h before the

Fig.4. Distribution of TC intensity change

in 24 h according to the datasets from

CMA, RSMC Tokyo, and JTWC.
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initial time, respectively) to set up the prediction

equations for 12-, 24-, 36-, 48-, 60-, and 72-h intensity

change based on the CMA dataset from 1970 to 1999.

Only the samples from May to October are taken into

consideration and different equations are established

for different months. As shown in Table 5, the multi-

ple correlation coefficients (R) vary from 0.938 for 12 h

to 0.615 for 72 h and the standard deviation of residu-

als from 4.36 to 10.74 m s−1, implying a deteriorating

performance as the leading time increases.

Table 5. Sample size and regression statistics of the climatic and persistent prediction model

12 h 24 h 36 h 48 h 60 h 72 h

Sample size 17971 15946 14917 13418 11885 10661

R 0.938 0.844 0.759 0.69 0.646 0.615

Standard deviation of residuals (m s−1) 4.36 6.90 8.51 9.64 10.28 10.74

6.2 Uncertainty in prediction as induced by the

initial value problem

Independent experiments are carried out using 4-

yr (2000-2003) data from the three forecast centers

respectively. It is found that the discrepancy in initial

inputs can result in significantly different error statis-

tics (Table 6). Taking the 24-h prediction as an exam-

ple, the root mean square error (RMSE) is the largest

using JTWC dataset (8.07 m s−1), while the smallest

using RSMC Tokyo dataset (5.48 m s−1). The perfor-

mance of CMA dataset is in between, 5.95 m s−1.

Analyses on the regression equations exhibit that

the intensity of TC and its change in 12- or 24-h are

major predictors for all the leading times. Generally,

a linear multiple regression equation can be given as

y = a + bx1 + cx2 + dx3 + . . . , (1)

where y is the predictand, x1, x2, x3, . . . are predictors,

and a, b, c, d, · · · are regression coefficients.

If only a single regression is taken into considera-

tion, Eq.(1) can be written as

y = a + bx. (2)

Substitute Eq.(2) into the RMSE formula,

RMSE =

[

1

N

N
∑

k=1

(y − ŷ)2

]
1

2

, (3)

it can be obtained that

RMSE =
[

(a + bx − ŷ)2 + b2σ2

x + σ2

y − 2brσxσy

]
1

2

. (4)

Here, y and ŷ are the predicted and observed inten-

sity changes of TC, respectively. Others are commonly

used symbols. If assuming the statistical features of

the predictand (ŷ) remain invariable, RMSE will in-

crease with the rise of mean value and square devia-

tion of the predictor (x). Therefore, it is reasonable

for us to have the largest RMSE if using the JTWC

dataset, and the smallest RMSE if using the RSMC

Tokyo dataset. The trait of linear fitting equation de-

termines that there exists a simple linear relationship

between the discrepancy in prediction and that in ini-

tial values.

Also taking the 24-h forecast as an example, the

differences in the intensity prediction of any specified

TC are further analyzed for the three datasets. It is

found that the mean absolute deviation between the

CMA and RSMC Tokyo (CMA and JTWC) datasets

is 2.5 (4.0) m s−1, with a maximum reaching 16 (21)

m s−1. Such a problem of the initial value increases

the difficulty in the intensity prediction of TCs in the

western North Pacific.

7. Conclusions and discussions

A systematic comparison is carried out on three

Table 6. RMSE of the climatic and persistent prediction model with 4-yr (2000-2003) initial inputs from different

forecast centers

24 h 48 h 72 h

CMA
RSMC

JTWC CMA
RSMC

JTWC CMA
RSMC

JTWC
Tokyo Tokyo Tokyo

Sample size 959 959 959 725 725 725 524 524 524

RMSE (m s−1) 5.95 5.48 8.07 8.83 7.80 10.92 9.92 8.54 11.04
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different intensity datasets of TCs from three major

forecast centers, i.e., CMA, RSMC Tokyo, and JTWC,

for the western North Pacific. The potential effect of

the uncertainty in TC intensity on its prediction is

also studied based on a simple statistical model. The

main results are as follows.

(1) There is significant discrepancy in the inten-

sity datasets of TC from different forecast centers,

with the average values of TC intensity significantly

different at 99% confidence level, and the maximum

difference for a specified TC more than 30 m s−1.

(2) The aircraft reconnaissance over TC can re-

duce the discrepancy to some extent in the determi-

nation of TC intensity among different centers.

(3) The intensity change of TC reported by

JTWC is the most radical, with both the average

and RMSE of 24-h intensity change maximum among

the three centers. The next is CMA and then RSMC

Tokyo.

(4) There is no remarkable discrepancy in annual

frequency of TC from the three centers.

(5) According to the results from a simple statis-

tical model, it is found that the discrepancy in initial

inputs can result in significantly different error statis-

tics, with RMSE the largest using JTWC dataset,

while the smallest using RSMC Tokyo dataset. The

maximum deviation between the predictions for a

given TC based on CMA and JTWC datasets can

reach 21 m s−1.

Above findings indicate that the problem of basic

data aggrandizes the difficulty of TC intensity pre-

diction in the western North Pacific, which should

be considered seriously in operation. Furthermore,

the prediction uncertainty is only discussed based on

a quite simple statistical model in this paper, which

might be much more significant if any nonlinear model

is used, such as a numerical prediction model. This is

worthy of further study.

It should be noted that the initial value problem

discussed in this study is different from that in the en-

semble prediction (Zhou et al., 2003) which generally

creates members by randomly perturbing the initial

fields. The significant differences among TC intensity

datasets is a special problem for the TCs in western

North Pacific, which might be solved successfully one

day by carrying out flight reconnaissance, improving

the ability in analyzing remote sensing data, increasing

in situ observations over ocean or strengthening the

cooperation and intercommunion around the world.
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