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Introduction

The RSMC Tokyo - Typhoon Center (hereinafter referred to as "the Center") is the
Regional Specialized Meteorological Centre (RSMC) with activity specialization in analysis,
tracking and forecasting of western North Pacific tropical cyclones within the framework of
the World Weather Watch (WWW) Programme of the World Meteorological Organization
(WMO). The Center was established at the Headquarters of the Japan Meteorological
Agency (JMA) in July 1989, following the designation by the WMO Executive Council at its
40th session held in Geneva in June 1988.

The Center conducts the following operations on a routine basis:

(1) Preparation of information on the formation, movement and development of tropical
cyclones and associated meteorological phenomena,;

(2) Preparation of information on synoptic scale atmospheric situations that affect the
behavior of tropical cyclones; and

(3) Dissemination of the above information to National Meteorological Centers (NMCs),
in particular to the Members of the ESCAP/WMO Typhoon Committee, in appropriate
formats for operational processing.

In addition to the routine services mentioned above, the Center distributes a series of
reports entitled “Annual Report on Activities of the RSMC Tokyo - Typhoon Center” to serve
as operational references for the NMCs concerned. This report aims at summarizing the
activities of the Center and reviewing tropical cyclones of the year.

In this 2003 issue, the outline of routine operations at the Center and its operational
products are presented in Chapter 1. Chapter 2 reports the major activities of the Center in
2003. Chapter 3 describes atmospheric and oceanic conditions in the tropics and gives the
highlights of tropical cyclone (TC) activities in 2003. In Chapter 4, verification statistics of
operational forecasts and predictions of the two numerical weather prediction (NWP) models
of the Center are presented. The best track data for the TCs in 2003 are shown in table and
chart forms in appendices. Six-hourly intensity estimations of TCs with tropical storm
intensity or higher by the Center from satellite images (Dvorak Cl-number) are newly added
to them after TS Morakot (0309). All the texts, tables, charts and appendices are included in
the CD-ROM attached to this report.

The CD-ROM contains 3-hourly cloud images of all the tropical cyclones in 2003 of TS
intensity or higher in the area of responsibility of the Center, and software to view them.
The software has various functions for analyzing satellite imagery such as animation of
images, which facilitates efficient post-analysis of tropical cyclones and their environments.
A setup program and a users’ manual for the software are also included in the CD-ROM.
Appendix 7 shows an outline of the CD-ROM and how to use the software.
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Chapter 1
Operations at the RSMC Tokyo - Typhoon Center in 2003

The area of responsibility of the Center covers the western North Pacific and the South
China Sea (0° - 60°N, 100°E - 180°) including the marginal seas and adjacent land areas (see
Figure 1.1). The Center makes analyses and forecasts of tropical cyclones when they are in
or expected to move into the area and provides the National Meteorological Services (NMSs)
concerned with the RSMC products through the GTS, the AFTN and the JMA radio facsimile

broadcast (JMH).
S .,_‘_.?j,._,
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Figure 1.1 Area of responsibility of the RSMC Tokyo - Typhoon Center (yellow)

1.1 Analysis

Surface analyses are performed four times a day, at 00, 06, 12 and 18 UTC. The
tropical cyclone analysis begins with the determination of the center position of a tropical
cyclone. Cloud images from the Geostationary Meteorological Satellite (GMS)* are the
principal source for the determination of the center position, especially of tropical cyclones
migrating over the data-sparse ocean area. The direction and speed of the movement of a
tropical cyclone are determined primarily from the six-hourly displacement vectors of the
center position.

The central pressure of a tropical cyclone is determined mainly from the Cl-number,
which is derived from satellite imagery using Dvorak's method. The Cl-number also gives
the maximum sustained wind speed in the vicinity of the center. Radii of circles for the
gale-force wind and the storm-force wind are determined from surface observations and low-
level cloud motion winds (LCW) derived from cloud motion vectors of satellite images in the
vicinity of the tropical cyclone and so on.

*GOES-9 is carrying out the back-up operation of GMS-5 from May 2003.
1.2 Forecast

Predictions of the two NWP models of IMA, Typhoon Model (TYM) and Global Spectral
Model (GSM), are the primary bases for the forecast of tropical cyclone tracks. The
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Persistence-Climatology method (PC method) that uses statistical techniques on the basis of
linear extrapolation and climatological properties of tropical cyclone movements is also
adopted for tropical cyclones particularly in lower latitudes. The central pressure and the
maximum sustained wind speed are forecast based on the results of Dvorak's method, the PC
method and NWP.

The range into which the center of a tropical cyclone is expected to move with 70%
probability at each validation time is shown as the probability circle. The radius of the circle
is statistically determined according to the speed of tropical cyclone movement.

1.3 Provision of RSMC Products

The Center prepares and disseminates the following RSMC bulletins and charts via the
GTS, the AFTN or the IMH when:
- a tropical cyclone of tropical storm (TS) intensity or higher exists in the area of
responsibility of the Center;

- atropical cyclone is expected to reach TS intensity or higher in the area within 24
hours; or

- atropical cyclone of TS intensity or higher is expected to move into the area within
24 hours.

The RSMC products are continually issued as long as the tropical cyclone keeps TS
intensity or higher within the area of responsibility. Appendix 5 denotes the code forms of
the bulletins transmitted through the GTS.

RSMC Tropical Cyclone Advisory (WTPQ20-25 RJTD: via GTS)

The RSMC Tropical Cyclone Advisory reports the following elements in the analysis,
24-hour, 48-hour and 72-hour forecasts of a tropical cyclone, respectively:

Analysis Center position of a tropical cyclone
Accuracy of determination of the center position
Direction and speed of the movement
Central pressure
Maximum sustained wind speed (10-minute averaged)
Radii of over 50- and 30-knot wind areas

24-, 48- and 72-hour Center position and radius of the probability circle*
forecasts Direction and speed of the movement

Central pressure

Maximum sustained wind speed (10-minute averaged)

* A circular range into which the tropical cyclone is expected to move with the probability
of 70% at each validation time.

In June 2003, the forecast period of tropical cyclone intensity was extended from 48
hours to 72 hours based on the improvement of its numerical prediction models.
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RSMC Guidance for Forecast (FXPQ20-25 RJTD: via GTS)

The RSMC Guidance for Forecast reports the results of predictions of GSM and TYM:
GSM is run twice a day with initial analyses at 00 and 12 UTC and TYM four times a
day with initial analyses at 00, 06, 12 and 18 UTC. The Guidance presents GSM'’s six-
hourly predictions of a tropical cyclone up to 90 hours for 00 and 12 UTC and TYM’s
six-hourly predictions up to 84 hours for 00, 06, 12 and 18 UTC. It includes:

NWP prediction (T=06 to 84 or 90)
Center position of a tropical cyclone
Central pressure*
Maximum sustained wind speed*

* Predictions of these parameters are given as deviations from those at the initial time.
SAREP (TCNA20/21 RJTD: via GTS)

The SAREP reports a tropical cyclone analysis using satellite imagery including
intensity information (Cl-number) based on Dvorak's method. It is issued a half to one
hour after observations at 00, 03, 06, 09, 12, 15, 18 and 21 UTC and contains:

GMS imagery analysis
Center position of a tropical cyclone
Accuracy of determination of the center position
Mean diameter of the cloud system
Cl-number**
Apparent change in intensity in the last 24 hours**
Direction and speed of the movement

** These parameters are reported at 00, 06, 12, 18 UTC while not at other times.

RSMC Prognostic Reasoning (WTPQ30-35 RJTD: via GTS)

The RSMC Prognostic Reasoning provides a brief reasoning for a tropical cyclone
forecast. It is issued at 00 and 06 UTC following the issuance of the RSMC Tropical
Cyclone Advisory. In the bulletin, general comments on the forecasting method,
synoptic situation of the subtropical ridge, movement and intensity of the tropical
cyclone, and some relevant remarks are given in plain language.

RSMC Tropical Cyclone Best Track (AXPQ20 RJTD: via GTS)

The RSMC Tropical Cyclone Best Track gives post-analyzed data of tropical cyclones.
It contains the center position, central pressure and maximum sustained wind. The
Best Track for a tropical cyclone is finalized usually one and a half months after the
termination of issuance of the above RSMC bulletins for the tropical cyclone.
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Tropical Cyclone Advisory for SIGMET (FKPQ30-35 RJTD: via AFTN)

The Center, as one of the Tropical Cyclone Advisory Centres under the framework of the
International Civil Aviation Organization (ICAO), provides the Tropical Cyclone
Advisory for SIGMET for Meteorological Watch Offices (MWOSs) concerned to support
the preparation of SIGMET information on a tropical cyclone. It includes the following
elements in the analysis, 12-hour, 24-hour forecasts of a tropical cyclone:

Analysis Center position of a tropical cyclone
Direction and speed of the movement
Central pressure
Maximum sustained wind speed (ten-minute averaged)

12- and 24-hour  Center position of the tropical cyclone (forecast)
forecasts Maximum sustained wind speed (ten-minute averaged)

Proanostic Charts of 850-hPa and 200-hPa Streamline

14

(FUXT852/202, FUXT854/204: via JIMH)
Analysis and 24- and 48-hour prognostic charts of 850-hPa and 200-hPa streamlines are
broadcast via the IMA’s HF radio facsimile (JMH). These prognoses are produced with
GSM at 00 and 12 UTC over the area spanning from 20°S to 60°N in latitude and from
80°E to 160°W in longitude.
RSMC Data Serving System

JMA has been operating the RSMC Data Serving System that allows NMCs concerned

to retrieve NWP products such as predicted fields in grid-point-value (GPV) form and
observational data through the Internet or the Integrated Service Digital Network (ISDN)
since 1995. JMA enhanced the service by adding high-density wave model products and by
increasing GSM products for Asia region in July 2003. The products and data provided
through the system are listed in Appendix 6.

21

Tropical Cyclone Web Site:

Tropical cyclone advisories are available on a real time basis through the Internet at:
http://www.jma.go.jp/IMA_HP/en/typh/typh.all.html

Chapter 2
Major Activities of the RSMC Tokyo - Typhoon Center in 2003

Dissemination of RSMC Products

In 2003, the Center provided operational products for tropical cyclone forecasting to

NMCs via the GTS, the AFTN and the JMA radio facsimile broadcast (JMH). Monthly and
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annual total numbers of issuance of the products are listed in Table 2.1.
2.2 Publication

The Center published:

1) “Technical Review (No.6)” that contains a paper entitled “The Development of
Guidance for Forecast of Maximum Precipitation Amount” in March 2003; and

2) “Annual Report on Activities of the RSMC Tokyo-Typhoon Center in 2003” in
November 2003.

2.3 Monitoring of Observational Data Availability

The Center carried out regular monitoring of the information exchange for enhanced
observations of tropical cyclones in accordance with the standard procedures stipulated in
Section 6.2, Chapter 6 of “The Typhoon Committee Operational Manual (TOM) -
Meteorological Component.” The monitoring for this season was conducted for the following
two periods:

1. from OOUTC 8 September to 18UTC 12 September (for TY Maemi (0314))

2. from O0UTC 13 November to 18UTC 17 November (for TY Nepartak (0320))

The results were distributed to all the Typhoon Committee Members in March 2004,
and are available on the Distributed Database of IMA at:
ftp://ddb.kishou.go.jp/pub/monitoring/

Table 2.1 Monthly and annual total number of products issued by the RSMC
Tokyo — Typhoon Center in 2003

TCNA20 9 0 0O 57 48 37 49 73 73 77 75 6 504
TCNA21 16 0 0O 60 46 40 60 84 98 81 93 15 593
WTPQ20-25 33 0 0 126 105 81 119 170 195 166 186 29 1210
WTPQ30-35 9 0 0 31 24 21 30 43 46 43 49 8 304
FXPQ20-25 23 0 0 92 77 61 89 124 143 122 137 21 889
FKPQ30-35 16 0 0O 65 53 41 61 84 96 82 95 15 608
AXPQ20 3 1 0 0 1 1 3 3 3 2 4 2 23

AUXT85/20 62 56 62 60 62 60 62 62 60 62 60 62 730
FUXT852/854 62 56 62 60 62 60 62 62 60 62 60 62 730
FUXT202/204 62 56 62 60 62 60 62 62 60 62 60 62 730

Notes: - via the GTS or the AFTN -

SAREP TCNA20/21 RJTD
RSMC Tropical Cyclone Advisory WTPQ20-25 RJTD
RSMC Prognostic Reasoning WTPQ30-35 RJTD
RSMC Guidance for Forecast FXPQ20-25 RJTD
Tropical Cyclone Advisory for SIGMET FKPQ30-35 RJTD
RSMC Tropical Cyclone Best Track AXPQ20 RJTD

- via the JMH Meteorological Radio Facsimile -
Analysis of 850 and 200 hPa Streamline AUXT85/AUXT20
Prognosis of 850 hPa Streamline FUXT852/FUXT854
Prognosis of 200 hPa Streamline FUXT202/FUXT204


ftp://ddb.kishou.go.jp/pub/monitoring/
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Chapter 3

Atmospheric and Oceanographic Conditions in the Tropics
and Tropical Cyclones in 2003

3.1 Summary of Atmospheric and Oceanographic Conditions in the Tropics

Sea surface temperatures (SSTs) were above normal in the western equatorial Pacific
almost throughout the year 2003. In the South China Sea, positive SST anomalies were also
widely observed throughout the year. The SST anomalies for a monitoring region
(NINO.WEST: 0°-14°N, 130°E-150°E) were above normal all the year round.

Areas of active convention areas in the low latitudes, appeared around the Philippines
from May to October, and over the waters east of the Philippines in every month of the year.
At 850 hPa, there was large-scale convergence over the northern South China Sea in May, and
east of the Philippines from May to November.

In May, anticyclonic circulation at 200hPa over the Indochina Peninsula was more
apparent than normal. There was also large-scale divergence over east of the Philippines or
south of Japan from April to December.

60N 1

Consequently, most of the
tropical cyclones were generated
around and over the sea east of the
Philippines.

Monthly mean streamlines at
850hPa and tropical cyclone tracks
in August are presented in Figure
3.1 and Appendix 3, respectively.

Charts of monthly mean SST
anomalies for the western North

850 hPa — Aug. 2003
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Figure 3.1 Monthly mean streamline at 850 hPa
(lines with arrows) and area of less than 230 w/m? of

OLR (shaded) in August 2003. Tracks of the tropical
cyclones formed in August are superimposed (red
lines).

the low latitudes, for the months
from January to December are
included in the attached files
(Streamline_2003 and SST Anomaly_2003).
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3.2 Tropical Cyclones in 2003

In 2003, 21 tropical cyclones of tropical storm (TS) intensity or higher were tracked
in the western North Pacific and the South China Sea. The total number is below normal
compared to the thirty-year average of 26.7 for 1971-2000. Fourteen cyclones out of them
(66% of the total) reached typhoon (TY) intensity. The percentage of 66% is larger than
normal (54%; 24-year average for 1977-2000). Four out of the remainder attained severe
tropical storm (STS) intensity and the others TS intensity (see Table 3.1).

The tropical cyclone season
of this year began in the middle of
January with the development of TS
Yanyan (0301). Tropical cyclone
formation was not active in the first
quarter of the year. No tropical
cyclone of TS intensity or higher
formed for about three months until
the generation of TY Kujira (0302)
in middle April.

From May to June, tropical
cyclone formation became active and
four tropical cyclones of TS intensity
or higher formed in total. Three

out of the four tropical cyclones hit
or approached Japan. Tropical Figure 3.2 Genesis points of 21 TCs in 2003

(dots) and number of accumulated TC geneses
per 4°x4° grid box for 1951-2001 (contours).

cyclone formation was inactive in
July, and its number of two was
below normal compared with the
thirty-year average of 4.1 for 1971-2000.

In August, tropical cyclone formation became active again and the monthly
formation was normal in August. TY Etau (0310) hit Japan and brought heavy damage from
floods and landslides.

Tropical cyclone formation was slightly below normal after September. Among
them TY Maemi (0314), which is one of the most intense typhoons in the year 2003, made a
landfall on the southern coast of the Korean Peninsula.

The other feature of this tropical cyclone season was that mean formation latitude*
and longitude* of 15.0°N, 135.1°E was southwestern compared with the 30-year (1971-2000)
average of 16.2°N, 136.9°E. (see the distribution of their formation points in Figure 3.2.)

*Mean formation latitude (longitude) here is defined as arithmetic average of
latitudes (longitudes) of formation points of all the tropical cyclones of TS
intensity or higher in the year.
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RSMC best track data for the tropical cyclones in 2003 and maps of their tracks are
shown in Appendix 1 and Appendix 3, respectively. Appendix 4 indicates the monthly and
annual frequency of tropical cyclones that attained TS intensity or higher in the western
North Pacific and the South China Sea for 1951- 2003.

Table 3.1 List of the tropical cyclones which attained TS intensity or higher in 2003

Tropical Cyclone \ Duration Minimum Pressure & Max. Wind

(UTC) (UTC)  (N)  (E) (hPa) (kb)

TS YANYAN (0301) 180600 Jan - 201200 Jan 180600 14.1 146.5 1000 35
TY KUJIRA (0302) 110000 Apr - 250300 Apr 151800 12.7 138.3 930 90
TY CHAN-HOM (0303) 201200 May - 270600 May 231800 17.4 1515 940 85
STS LINFA (0304) 260000 May - 310000 May 291800 24.3 129.1 980 55
STS NANGKA (0305) 010000 Jun - 031200 Jun 011800 19.5 118.7 985 50
TY SOUDELOR (0306) 130600 Jun - 191500 Jun 180600 26.4 1245 955 80
TY IMBUDO (0307) 170600 Jul - 250000 Jul 201200 12.5 130.7 935 90
STS KONI (0308) 180600 Jul - 221800 Jul 201800 18.1 112.1 975 60
TS MORAKOT  (0309) 020600 Aug - 041200 Aug 021800 20.1 122.9 992 45
TY ETAU (0310) 030600 Aug - 091800 Aug 070600 27.5 1285 945 85
TS VAMCO (0311) 190600 Aug - 200000 Aug 190600 22.7 124.8 996 35
TY KROVANH (0312) 201200 Aug - 260600 Aug 220000 17.6 124.6 970 65
TY DUJUAN (0313) 291800 Aug - 030000 Sep 010000 20.8 125.3 950 80
TY MAEMI (0314) 060600 Sep - 132100 Sep 100600 24.0 126.6 910 105
TY CHOI-WAN (0315) 180000 Sep - 230000 Sep 210600 31.0 137.0 955 70
TY KOPPU (0316) 261800 Sep - 300600 Sep 290600 28.3 141.9 960 70
TY KETSANA  (0317) 190000 Oct - 260600 Oct 211200 17.0 131.2 940 90
TY PARMA (0318) 210000 Oct - 311200 Oct 240000 29.2 154.1 930 95
STS MELOR (0319) 301200 Oct - 031800 Nov 311800 16.3 122.9 980 50
TY NEPARTAK (0320) 121800 Nov - 190600 Nov 161800 15.5 111.3 970 65
TY LUPIT (0321) 211200 Nov - 021200 Dec 261800 13.9 1354 915 100
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Chapter 4

Verification of Forecasts in 2003

4.1 Operational Forecast

Operational forecasts of the tropical cyclones of TS intensity or higher in 2003 were
verified with best track data. Verified elements are 24-, 48- and 72-hour forecasts of the
center position, central pressure and maximum sustained wind. Position and intensity
errors of operational forecasts for each tropical cyclone in 2003 are indicated in Appendix 2.

4.1.1 Center Position

Figure 4.1 shows annual mean errors of 24-hour (1982 - 2003), 48-hour (1988 - 2003)
and 72-hour (1997 - 2003) forecasts of the center position. Annual mean position errors in
2003 were 120km for 24-hour forecast, 222km for 48-hour forecast and 349km for 72-hour
forecast. Annual mean position errors for operational 24-, 48- and 72-hour track forecasts for
2003 were all the smallest after each forecast started operationally.

Position errors of 24-, 48- Annual Means of Position Errors (RMSE)
and 72-hour track forecasts for Position Error (km)
each tropical cyclone in this | *°
season are summarized in Table 500 A
4.1. The forecast scores of TY 72'hour/
400 -

Maemi, which moved northward 48-h0u_r\‘\.\‘//\ "/\V e,
A

over the East China Sea and made 300 LI N yﬂ\\\
a landfall on the Korean | ,, e\,

Peninsula, and TY Kujira, which 24-hour W
moved northward the East China 10
Sea, contributed to the scores to 0
no small extent. On the other
hand, the forecasts of TY Chan- |- 72-hour - 48-hour - 24-hour
hom and TY Parma, which moved
northeastward far east of Japan,
had rather large distance errors.

1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002

Figure 4.1 Annual means of position errors of 24-, 48-
and 72-hour operational track forecasts.

Position errors were also compared with those by the persistency (PER) method. The
ratios of EO (position errors of operational forecasts) to EP (position errors of PER-method
forecasts) in percentage are described in Table 4.1. EO/EP smaller (greater) than 100%
means that operational forecasts are better (worse) than PER-method forecasts. Annual
mean EO/EPs for the 24-, 48- and 72-hour forecasts in 2003 were 49% (56% in 2002), 37%
(43%) and 34% (42%), respectively. Operational 24-, 48- and 72-hour forecasts were all
better than PER-method forecasts in 2003.
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Table 4.1 Mean position errors of 24-, 48- and 72-hour operational forecasts for each
tropical cyclone in 2003

Tropical Cyclone 24-hour Forecast 48-hour Forecast 72-hour Forecast

Position Error & Number of ForecastPosition Error & Number of ForecastPosition Error & Number of Forecast
Mean S.D. Num. EO/EP| Mean S.D. Num. EO/EP| Mean S.D. Num EO/EP

(km) _ (km) @) (km)  (km) GO (km)  (km) *0)
TS YANYAN (0301) 309 88 5 125 349 - 1 - - - 0 -
TY KUJIRA (0302) 97 51 53 62| 142 54 46 48| 215 88 45 47
TY CHAN-HOM (0303) 152 52 23 77| 299 80 19 63| 471 148 15 59
STS LINFA (0304) 192 122 16 55| 350 163 12 56| 656 175 8 49
STS NANGKA  (0305) 112 82 6 22| 347 243 2 - - - 0 -

TY SOUDELOR (0306) 122 78 22 42 232 131 17 38 362 223 13 38
TY IMBUDO (0307) 127 66 27 83 265 117 23 86 431 126 19 79

STS KONI (0308) 126 74 14 67| 230 80 10 65| 204 111 6 41
TS MORAKOT  (0309) 166 22 5 115 310 - 1 - - - 0 -
TY ETAU (0310) 104 65 22 39| 208 83 18 28| 2092 133 14 22
TS VAMCO (0311) - - 0 - - - 0 - - - 0 -
TY KROVANH (0312) 128 43 19 118|221 67 15 65| 229 118 11 32
TY DUJUAN  (0313) 109 82 13 44| 306 179 9 40| 665 288 5 35
TY MAEMI (0314) 73 37 27 26| 161 84 23 22| 288 177 19 26
TY CHOI-WAN (0315) 115 81 16 33| 327 168 12 33 781 311 8 43
TY KOPPU (0316) 117 46 10 59| 128 147 6 79| 308 114 2 -
TY KETSANA  (0317) 93 46 25 44| 188 70 21 51 427 204 16 69
TY PARMA (0318) 126 69 38 27| 260 149 34 20| 463 314 30 22
STS MELOR (0319) 157 103 13 85| 401 212 9 81 628 251 5 67
TY NEPARTAK (0320) 104 50 22 56| 155 81 18 32| 195 66 14 22
TY LUPIT (0321) 119 58 40 52| 169 87 36 30 200 99 32 21

Annual Mean (Total) 120 73 416 49| 222 131 332 37| 349 237 262 34

Figure 4.2 presents the histograms of 24-, 48- and 72-hour forecast position errors.
The ratio of 24-hour forecast errors smaller than 150 km was 71% (62% in 2002), the ratio of
48-hour forecast errors smaller than 300 km was 79% (74%) and the ratio of 72-hour forecast
errors smaller than 450 km was 75% (74%).

Error (km)

400- 450 1
300- 350

200- 250 ]

100- 150

0- 50

0 20 40 60 80 100 120 140

Number of cases
Figure 4.2 Histogram of 24-hour forecast position errors in 2003 (those for 48- and

72 hour forecasts are shown in the attached file).
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Table 4.2 presents mean hitting ratios and radii of 70% probability circles of operational
forecasts for each tropical cyclone in 2003. The annual mean radius of 70% probability
circles issued with 24-hour position forecasts was 189km, and their hitting ratio was 85% (in
355 out of 416 cases, a tropical cyclone actually located within the issued probability circle).
As for 48-hour forecasts, those are 342km and 83% (in 275 out of 332 cases), and for 72-hour
forecasts, 502km and 79% (in 206 out of 262 cases), respectively. These hitting ratios for
2003 were all better than those for 2002.

Table 4.2 Mean hitting ratios (%) and radii (km) of 70% probability circles issued for
24-, 48- and 72-hour operational forecasts for each tropical cyclone in 2003

Tropical Cyclone 24-hour Forecast 48-hour Forecast 72-hour Forecast
Ratio Num. Radius Ratio Num. Radius Ratio Num. Radius
(%) (km) (%) (km) (%) (km)
TS YANYAN (0301) 0 5 170 100 1 371 - 0 -
TY KUJIRA (0302) 96 53 186 100 46 325 98 45 481
TY CHAN-HOM (0303) 87 23 191 74 19 356 60 15 540
STS LINFA (0304) 50 16 182 42 12 341 0 8 473
STS NANGKA (0305) 83 6 195 50 2 361 - 0 -
TY SOUDELOR (0306) 82 22 192 76 17 329 69 13 510
TY IMBUDO (0307) 85 27 195 70 23 333 74 19 480
STS KONI (0308) 71 14 187 90 10 317 100 6 463
TS MORAKOT (0309) 100 5 185 100 1 315 - 0 -
TY ETAU (0310) 86 22 196 83 18 354 93 14 543
TS VAMCO (0311) - 0 - - 0 - - 0 -
TY KROVANH (0312) 95 19 198 93 15 327 100 11 463
TY DUJUAN (0313) 77 13 191 56 9 327 20 5 463
TY MAEMI (0314) 100 27 192 96 23 360 84 19 520
TY CHOI-WAN (0315) 81 16 188 58 12 380 38 8 586
TY KOPPU (0316) 100 10 193 83 6 346 100 2 463
TY KETSANA (0317) 92 25 175 90 21 335 75 16 469
TY PARMA (0318) 87 38 192 76 34 365 63 30 538
STS MELOR (0319) 46 13 180 44 9 329 20 5 508
TY NEPARTAK (0320) 95 22 187 100 18 321 100 14 463
TY LUPIT (0321) 88 40 192 94 36 353 100 32 513
Annual Mean (Total) 85 416 189 83 332 342 79 262 502

4.1.2 Central Pressure and Maximum Wind Speed

Table 4.3 gives root mean square errors (RMSESs) of 24-, 48- and 72-hour operational
central pressure forecasts for each tropical cyclone in 2003. The RMSEs for maximum wind
speed forecasts are included in the attached file. Annual mean RMSEs of the central
pressure and the maximum wind speed for 24-hour forecasts were 11.0hPa (10.8hPa in 2002)
and 4.9m/s (5.0 m/s in 2002), for 48-hour forecasts 15.3hPa (15.3hPa in 2002) and 6.5m/s
(7.0m/s in 2002), and for 72-hour forecasts 18.5hPa and 7.6m/s.

Figure 4.3 presents the histogram of maximum wind speed errors for 24-, 48- and 72-
hour forecasts. The ratio of absolute errors smaller than 3.75 m/s for 24-hour forecasts was
57% (59% in 2002), and 69% (69%) of total 48-hour forecasts had errors smaller than 6.25 m/s.
The overall performance of intensity forecasts in 2003 was almost same as that in 2002.
However, relatively large errors were seen in a few cases including TY Maemi and TY Parma,
which made rapid development. (see Appendix 2 for individual cases).
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Table 4.3 Mean intensity errors of 24-, 48- and 72-hour operational
central pressure forecasts for each tropical cyclone in 2003.

Tropical Cyclone 24-hour Forecast 48-hour Forecast 72-hour Forecast
Error RMSE  Num. Error RMSE  Num. Error RMSE Num.
(hPa) (hPa) (hPa) (hPa) (hPa) (hPa)
TS YANYAN (0301) -40 4.0 5 -8.0 8.0 1 - - -
TY KUJIRA (0302) 0.6 10.2 53 0.4 154 46 - - -
TY CHAN-HOM (0303) 0.2 11.6 23 05 143 19 - - -
STS LINFA (0304) -2.6 5.2 16 -3.8 5.2 12 - - -
STS NANGKA (0305) -4.8 10.9 6 -5.5 6.5 2 - - -
TY SOUDELOR (0306) -0.3 8.5 22 0.6 10.8 17 35 16.0 13
TY IMBUDO (0307) 26 115 27 3.1 14.1 23 6.5 155 19
STS KONI (0308) 1.9 6.4 14 4.0 105 10 6.2 9.0 6
TS MORAKOT (0309) -4.6 5.6 5 -6.0 6.0 1 - - 0
TY ETAU (0310) -4.3 9.9 22 -39 104 18 -0.7 7.8 14
TS VAMCO (0311) - - 0 - - 0 - - 0
TY KROVANH (0312) -3.2 10.2 19 -46 116 15 3.6 5.2 11
TY DUJUAN (0313) 1.5 9.2 13 3.3 18.0 9 -1.0 17.7 5
TY MAEMI (0314) 49 154 27 115 246 23 176 30.1 19
TY CHOI-WAN (0315) 4.4 10.9 16 7.1 8.8 12 10.6 12.6 8
TY KOPPU (0316) 0.5 7.2 10 4.2 7.9 6 100 11.2 2
TY KETSANA (0317) 4.0 9.9 25 6.8 14.1 21 1.2 115 16
TY PARMA (0318) 5.3 184 38 135 238 34 19.8 284 30
STS MELOR (0319) -5.4 9.2 13 -14.1  15.1 9 -20.8 214 5
TY NEPARTAK (0320) -4.3 6.4 22 -3.4 7.1 18 -0.6 6.4 14
TY LUPIT (0321) 2.4 9.4 40 6.0 12.9 36 95 15.0 32
Annual Mean (Total) 0.8 11.0 416 29 153 332 76 185 194
Error (nm/s)
13.75- 16.25 |
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1
6.25- 8.75 E : 1
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Figure 4.3 Histograms of maximum wind speed errors for 24-, 48- and 72- hour

forecasts in 2003 (those of central pressure errors for 24-, 48- and 72-hour

forecasts are included in the attached file)

4.2 TYM and GSM Predictions

JMA implemented the following changes to the JMA Global Spectral Model (GSM) and
Typhoon Model (TYM) in 2003:

- Assimilation of QuickSCAT winds, direct assimilation of ATOVS radiance data, and
revision of cumulus parameterization scheme were implemented in GSM in May
2003, and

- Anew physical process package such as a prognostic cloud water scheme, a modified
cumulus parameterization and a new radiation process was introduced into TYM in
July 2003.

TYM and GSM provide primary information for forecasters for the RSMC Tokyo -
Typhoon Center to make operational track and intensity forecasts. Track predictions by
TYM and GSM up to 84 and 90 hours, respectively, were verified with the best track data and
predictions by the persistency (PER) method*. 30-hour, 54-hour and 78-hour intensity
predictions by TYM and GSM were also verified with these data.

Note: The PER-method assumes that a tropical cyclone holds the same movement throughout the
forecast period and forecasts are based upon the linear extrapolation of the latest 6-hour track
of a tropical cyclone. Prediction errors by the PER-method are used to evaluate the relative
performance of model predictions.
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4.2.1 TYM Prediction
1) Center Position

TYM Mean Positional Error 1996 -2003
Annual mean position errors

of TYM predictions from 1996 are 700
indicated in Figure 4.4. Annual 600
mean position errors for 30-hour¥*, € 500
54-hour* and 78-hour* predictions § :gg
in 2003 were 175km (166km in 5 200
2002), 287km (286km) and 415km 100
(424km), respectively. The overall 0

performance of the TYM track 18 30 42 54 66 78
prediction in 2003 was almost
same as the previous year. Mean
position errors of 18-, 30-, 42-, 54-,
66- and 78-hour predictions for
each tropical cyclone are also
shown in Table 4.4.

Prediction Time (hour)

01996 [@—1997 MW1998 MW1999 [@2000
02001 mW2002 [©—2003

Figure 4.4 TYM annual mean position errors from 1996

Note: 30-, 54- and 78-hour predictions by TYM and GSM are the primary information for forecasters in
preparing 24-, 48- and 72-hour operational forecasts, respectively.

Table 4.4 Mean position errors (km) of TYM for each tropical cyclone in 2003.
Number of samples is given in parentheses.

Tropical Cyclone T=18 T=30 T=42 T=54 T=66 T=78
TS 0301 YANYAN 2561 (14) 3268 (12) 3652 (10) 3999 (8| 4704 (6)| 6211 (4
TY 0302 KUJRA 902 (58)| 1195 (G6)| 1483 (54)| 1680 (52| 2090 BO)| 2597 (48)
TY 0303 CHAN-HOM 951 (26| 1765 (24) 263 (22)| 3785 (0)| 4413 (18| 4959 (16)
STS 0304  LINFA 1350 (18| 2024 (16) 2743 (14) 3437 (12| 4192 (10| 5049 (8
STS 0305  NANGKA 1032 (12)| 1176 (10| 1427 (8| 1844 (6| 3025 (@) 343 (9
TY 0306 SOUDELOR 1534 (24| 1884 (22| 2440 (20) 3349 (18| 4096 (16)| 5545 (14)
TY 0307 IMBUDO 1056 (30)| 1731 (28)] 2523 (26) 3389 (24) 4381 (22)| 5456 (20)
STS 0308 KON 2361 (24| 2821 (| 3242 (18| 3764 (16| 4279 (4| 4721 (12
TS 0309 MORAKOT 1077 | 2123 )| 364 -0 -0 -0
TY 0310 ETAU 1044 (4 1403 (22| 2108 (20| 2723 (18| 3114 (16)| H56 (14)
TS 0311  VAMCO 27 @1 -0 -0 -0 -0 -0
TY 0312 KROVANH 1187 (U 1617 (19| 1809 (18| 2301 (16) 2646 (14)| 2783 (12)
TY 0313 DUJUAN 806 (19| 1219 (16| 1929 (14)| 3085 (12| 4586 (10| 5797 (8
TY 0314 MAEM 1651 (34) 2444 (32)| 3077 (30) 3811 (28) 4616 (26) 5150 (24)
TY 0315 CHOMWAN 1537 (25| 2641 (23| 3707 (20 5593 (18) 7920 (16)| 10087 (14)
TY 0316 KOPPU 965 (19| 1719 (17)| 2423 (15| 2128 (13| 2281 ()| 1492 (9)
TY 0317 KETSANA 884 (27| 1125 (25| 1488 (23)| 2065 (21| 3110 (19| 4311 (17)
TY 0318 PARMA 983 (42| 12905 (40) 1707 (38)| 2245 (36)| 3098 (34)| 3854 ()
STS 0319 MELOR 1065 (17| 1836 (15| 2757 (13)| 4446 (1) 5569 (9| 6741 (7)
TY 0320 NEPARTAK 1046 (26) 1460 (24| 1699 (22| 1994 (20) 2049 (18)| 2238 (16)
TY 0321 LUPIT 1428 (2| 1784 (50)| 2122 (48) 2443 (46) 2544 (44)| 2821 (42)

Annual Mean 45 (519)|  174.7 (477)| 2283 (436)|  286.7 (3%5)| 3518 (357)] 4152 (319)
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Table 4.5 gives TYM's relative performance compared to the PER-method. In this
comparison, life stages of tropical cyclones were classified into three categories, “Before”,
“During” and “After” recurvature. Each stage is defined with the direction of movement of
each tropical cyclone at each prediction time concerned. This table indicates that TYM
outperformed the PER-method throughout the whole forecast period beyond 18 hours from
the initial time, and improvement rates were roughly 30% for 18-hour, 45% for 30-hour, 50%
for 42-hour, 55% for 54-hour, and 60% for 66- and 78-hour predictions. While the rates for
18-hour to 42-hour prediction in 2003 were lower than those in 2002, the rates for 54-hour to
78-hour prediction were higher. Looking at the results of respective stages, improvement
rates were relatively higher in “After” stage in which position errors of PER-methods were
larger compared with other two stages.

Figure 4.5 (in the attached file) presents histograms of position errors of 30-, 54- and
78-hour predictions of TYM. The ratio of 30-hour prediction errors smaller than 150km was
56% (55% in 2002), the ratio of 54-hour prediction errors smaller than 300km was 66% (60%)
and the ratio of 78-hour prediction errors smaller than 450km was 66% (61%).

Table 4.5 Mean position errors (km) of TYM and PER predictions for the tropical cyclones in
2003 in each stage of motion. Number of samples is given in parentheses.

TIME MODEL Before During After All
(moving direction) (180 - 320) (320 - 10) (10 - 180) (0- 360)
T=18 T™YM 1392 (235) 1180  (95) 1096 (189) 1245 (519)

PER 1558 (235) 1505  (95) 2148 (189) 1763 (519)
IMPROV 10.7 % 21.6 % 49.0 % 294 %
T=30 TYM 1857 (211) 1755  (85) 1615 (181) 174.7 (477)
PER 2590 (211) 2656  (85) 4071 (181) 3164 (477)
IMPROV 283 % 339 % 60.3 % 44.8 %
T=42 T™YM 2318 (195) 2275 (74) 2245 (167) 2283 (436)
PER 4027 (195) 3489 (74) 6227 (167) 4778 (436)
IMPROV 424 % 34.8 % 63.9 % 52.2 %
T=54 TYM 2765 (169) 29008 (71 2959 (155) 286.7 (395)
PER 556.2  (169) 4044 (71 847.9 (155) 659.6 (395)
IMPROV 50.3 % 41.2 % 65.1 % 56.5 %
T=66 TYM 3385 (159) 3470 (59) 367.8 (145) 3518 (357)
PER 7478 (153) 580.9  (59) 1060.2 (145) 847.1 (357)
IMPROV 54.7 % 40.3 % 65.3 % 58.5 %
T=78 ™M 3856 (137) 4156  (47) 4451 (135) 4152 (319)
PER 9277 (137) 7758  (47) 12221 (135) 1029.9 (319)

IMPROV 58.4 % 46.4 % 63.6 % 59.7 %




2) Central Pressure and Maximum Wind Speed

Mean errors of 30-, 54- and 78-hour central pressure predictions by TYM were +3.1hPa
(+3.9hPa in 2002), +3.8hPa (+2.1hPa) and +6.8hPa (+0.3hPa), respectively in 2003. Their
root mean square errors (RMSEs) were 13.2hPa (15.6hPa in 2002) for 30-hour predictions,
15.8hPa (17.0hPa) for 54-hour predictions, 18.4hPa (17.6hPa) for 78-hour Prediction. The
bias for 30-, 54-, and 78-hour maximum wind speed predictions was —1.6m/s (—2.4m/s in 2002)
with a RMSE of 6.3m/s (7.2m/s), —2.1m/s (-2.2m/s) with a RMSE of 7.3m/s (7.5m/s), and
—3.6m/s (-2.5m/s) with a RSME of 8.3m/s (7.7m/s), respectively.

Figure 4.6 shows histograms of the errors of 30-hour central pressure and maximum
wind speed predictions. About 53% (43% in 2002) of the central pressure predictions had
errors with absolute values less than 7.5hPa, while 43% (37%) of the maximum wind speed
predictions with absolute values less than 3.75m/s. As for 54-hour ones, these ratios were
59% (57%) with absolute values less than 12.5hPa and 61% (62%) with absolute values less
than 6.25m/s, respectively. These ratios for 78-hour ones were 69% (71%) with absolute
values less than 17.5hPa and 72% (78%) with absolute values less than 8.75m/s. (Figures are
shown in the attached file)

30-hour TYM Predictions 30-hour TYM Predictions
for Central Pressure for Maximum Sustained Wind

Error(hPa) Error(m/s)

+175
+35 +15.0
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+10.0
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0
-5 25
-5.0
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25 -10.0
1255
-35 -15.0

-17.5

0 20 40 60 80 100 0 20 40 60 80 100
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Figure 4.6 Error distribution of TYM 30-hour intensity predictions (left; for central
pressure, right; for maximum wind speed, those for 54- and 78-hour
predictions are included in the attached file).



4.2.2 GSM Prediction
1) Center Position

GSM annual mean position
errors from 1996 are presented in
Figure 4.7. In 2003, a total of 255
predictions were made by GSM
and the errors for 30-hour, 54-hour
and 78-hour predictions were
167km (156km in 2002), 277km
(242km) and 418km (353km),
respectively. The overall
performance of GSM was worse
than that in 2002. Mean position
errors of the 18-, 30-, 42-, 54-, 66-
and 78-hour predictions for each
tropical cyclone are given in Table
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Figure 4.7 GSM annual mean position errors from 1996.

4.6.
Table 4.6 Mean position errors (km) of GSM for each tropical cyclone in 2003

Tropical Cyclone T=18 T=30 T=42 T=54 T=66 T=78
TS 0301  YANYAN 2880 (6)] 3916 (4)| 4199 (3| 4138 (2| 4047 () -0
TY 0302 KUJIRA 1012 (28)| 1275 (27) 158.0 (24)| 1788 (23)| 2118 (22)| 2414 (21
TY 0303 CHAN-HOM 1282 (13)| 1705 (12)| 226.6 (11)| 3176 (10) 3723 (9)| 5127 (8)
STS 0304  LINFA 1126 (9| 1908 (8| 2516 (7)| 3218 (6)| 3983 (B5)| 5779 (4)
STS 0305  NANGKA 949 (6)| 1547 (B 2209 (@ 3127 @) 3322 (2| 4712 ()
TY 0306 SOUDELOR 1793 (12)| 2352 (11)| 280.0 (20)| 3086 (9)| 3826 (8) 4605 (7)
TY 0307 IMBUDO 859 (15) 1541 (14)| 2157 (12)| 2852 (10)| 3268 (9)| 377.8 (8
STS 0308 KONI 186.2 (12)| 2349 (10) 3132 (9)| 3997 (8) 4560 (6)] 6303 (4
TS 0309 MORAKOT 759 @ 1418 -0 -0 -0 -0
TY 0310 ETAU 612 (12) 766 (1) 1249 (@@o) 1720 (9)| 2207 (8) 2712 (7)
TS 0311  VAMCO -0 -0 -0 -0 -0 -0
TY 0312 KROVANH 1173 (10)| 1514 (9 2084 (8)| 2339 (7) 2647 (4)| 1876 (3)
TY 0313  DUJUAN 1040 (9| 1566 (8| 1938 (7)| 2715 (8)| 3719 (5)| 5058 (4)
TY 0314 MAEMI 1471 (7| 2282 (16)| 2989 (15| 3687 (14) 4768 (13) 5761 (12)
TY 0315 CHOI-WAN 1363 (13)| 2252 (12) 3520 (11)| 5084 (10) 7397 (9)| 10381 (8)
TY 0316 KOPPU 986 (9 1912 (8 2441 (7| 1852 (§)| 1894 (B)| 1712 (4
TY 0317 KETSANA 711 (14| 914 (13)| 1223 (12| 1607 (11)| 2425 (10) 3761 (9
TY 0318 PARMA 1190 (21)| 1806 (20) 260.9 (19)| 3554 (18) 4632 (17)| 5672 (16)
STS 0319  MELOR 1158 (7| 2190 @| 3423 (6)| 5233 (5) 6869 (4)| 8398 (3
TY 0320 NEPARTAK 926 (12)| 1075 (1)) 1453 (@1 1700 (9)| 1937 (9)| 1874 (8
TY 0321  LUPIT 1123 (26)] 131.8 (25 1595 (24)] 1719 (23)| 1767 (22)| 2024 (21)

Annual Mean 1181 (255)] 166.9 233)] 222.1 (210)] 2765 (189)] 339.1 (168)] 417.8 (148)

Table 4.7 gives GSM's

relative performance compared

to the PER-method.

Improvement rates were roughly 35% (35% in 2002) for 18-hour, 50% (50%) for 30-hour, and
60% (60%) for 54-hour to 78-hour predictions.
same as those in 2002. The percentage is relatively high in “Before” stage.

These improvement rates in 2003 were almost

Figure 4.8 (in the attached file) presents histograms of the position errors of 30-,
54- and 78-hour predictions of GSM. The ratio of 30-hour prediction errors smaller than
150km was 54% (58% in 2002), the ratio of 54-hour prediction errors smaller than 300km was
69% (74%) and the ratio of 78-hour prediction errors smaller than 450km was 70% (75%).



Table 4.7 Mean position errors (km) of GSM and PER predictions for the tropical cyclones
in 2003 in each stage of motion.

I —

TIME MODEL Before During After All
(moving direction) (180 - 320) (320 - 10) (10 - 180) (0 - 360)
T=18 GSM 126.6 (121) 1147  (41) 108.6  (93) 118.1 (255)

PER 151.2 (121) 166.9  (41) 226.6  (93) 181.2 (255)
IMPROV 16.2 % 313 % 52.1 % 34.8 %
T=30 GSM 172.4 (108) 174.1  (36) 157.2  (89) 166.9 (233)
PER 265.1 (108) 296.1  (36) 4144  (89) 326.9 (233)
IMPROV 35.0 % 41.2 % 62.1 % 49.0 %
T=42 GSM 220.0 (95) 239.2  (33) 217.7  (82) 222.1 (210)
PER 423.3  (95) 3709  (33) 630.7 (82) 496.1 (210)
IMPROV 48.0 % 355 % 65.5 % 55.2 %
T=54 GSM 263.8  (83) 289.6  (30) 285.1  (76) 276.5 (189)
PER 590.8 (83) 570.0 (30) 860.8  (76) 696.1 (189)
IMPROV 55.4 % 49.2 % 66.9 % 60.3 %
T=66 GSM 3079 (72) 3142 (24) 378.7  (72) 339.1 (168)
PER 792.4  (72) 612.0 (24) 1106.5 (72) 901.3 (168)
IMPROV 61.1 % 48.6 % 65.8 % 62.4 %
T=78 GSM 343.7 (62) 336.7 (21) 5147  (65) 417.8 (148)
PER 993.7 (62) 819.7 (21) 1305.0 (65) 1105.8 (148)
IMPROV 65.4 % 58.9 % 60.6 % 62.2 %

2) Central Pressure and Maximum Wind Speed

Figure 4.9 shows histograms of central pressure errors and the maximum wind speed
errors of 30-hour predictions of GSM. The histograms show that in almost all cases GSM
underestimated the intensity of tropical cyclones in its 30-hour predictions and has a
considerable positive bias in the central pressure prediction.

30-hour GSM Predictions 30-hour GSM Predictions
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Fig.4.9 Error distribution of 30-hour GSM intensity predictions
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TS YANYAN (0301)

Yanyan formed as a tropical depression (TD) west of the Marshall Islands at 0O6UTC 15 January
2003. Keeping aimost the same intensity, it moved west-northwestwards until it made an abrupt
turn towards the north-northwest over the waters east of Guam at OOUTC 18 January. It developed
into a tropical storm (TS) and reached its peak intensity with maximum sustained wind of 35kt
southeast of Saipan at 06UTC 18 January. With the same intensity, it turned to the east-northeast
and kept moving east-northeastwards with a speed of 25kt. It weakened into a TD east of the
Mariana Idlands at 12UTC 20 January. It transformed into an extratropical cyclone at 0OOUTC 21
January and dissipated far east of the Mariana Islands at 06UTC on that day.

Date/Time Center Position p(r::snst[Jar:a V’\\;I;)((:i Nugber Grade Date/Time Center Position pf::stLarL V’\\;Ili); Nugber Grade
(UTC) Lat(N) Lon (E) (hPa) (kt) (UTC) Lat(N) Lon(E) (hPa) (kt)

Jan 15/06 6.9 163.1 1004 - - TD 18/12 145 146.8 1000 35 - TS
15/12 7.6 161.2 1004 - - TD 18/18 14.6 147.4 1000 35 - TS
15/18 8.2 159.6 1002 - - TD 19/00 14.9 147.9 1000 35 - TS
16/00 8.6 158.2 1004 - - TD 19/06 15.2 148.8 1000 35 - TS
16/06 9.4 156.7 1004 - - TD 19/12 15.6 150.0 1000 35 - TS
16/12 10.2 154.3 1004 - - TD 19/18 16.2 151.3 1000 35 - TS
16/18 11.1 152.7 1004 - - TD 20/00 16.8 152.4 1000 35 - TS
17/00 11.6 150.9 1004 - - TD 20/06 17.2 153.7 1000 35 - TS
17/06 12.5 149.3 1002 - - TD 20/12 17.4 154.9 1004 - - TD
17/12 12,9 148.6 1004 - - TD 20/18 179 156.1 1004 - - TD
17/18 13.2 147.8 1004 - - TD 21/00 18.7 156.3 1004 - - L
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TY KUJIRA (0302)

Kujira formed as a tropical depression (TD) south-southeast of Pompei Island at OOUTC 9 April
2003. It moved to the north, then to the northwest and became a tropical storm (TS) north of
Pompei Island at OOUTC 11 April. It moved to the west and developed into a typhoon (TY) over
the waters southeast of Guam at OOUTC 14 April. Then, it changed its direction to the west-
northwest and reached the peak intensity north of Yap Island at 18UTC 15 April. It changed the
direction to the west again at 18UTC 16 Apiril, then to the northwest at 12UTC 18 April and moved
northwestward east of Luzon Island.  After it downgraded to the TS intensity near the Batan Islands
at 18UTC 22 April, it changed the direction to the northeast. Keeping the TS intensity, it passed
near Iriomotejima at around 10UTC 24 April and advanced to the East China Sea. Kujira
downgraded to a TD west of Yakushima at O3UTC 25 April and dissipated west of Kyushu at
12UTC on that day.

Date/Time Center Position p(rjeesnst[na::s V’\VA;); Nugber Grade Date/Time Center Position p(r:e?snlearle V’\VA;); Nugber Grade
(UTC) Lat(N) Lon (E) (hPa) (kt) (UTC) Lat(N) Lon(E) (hPa) (kt)

Apr  09/00 4.1 159.9 1008 - - TD 17/12  13.7 1322 945 8 - TY
09/06 4.3 160.1 1006 - - TD 17/18 13.6 1314 945 85 - TY
09/12 5.6 160.3 1006 - - TD 18/00 13.5 130.6 940 8 - TY
09/18 6.4 160.1 1004 - - TD 18/06 13.5 130.0 940 85 - TY
10/00 6.7 160.1 1004 - - TD 18/12 13.7 129.6 945 80 - TY
10/06 7.7 159.7 1004 - - TD 18/18 139 129.1 945 80 - TY
10/12 8.0 158.9 1004 - - TD 19/00 14.1 128.8 945 80 - TY
10/18 8.6 158.0 1004 - - TD 19/06 14.6 128.3 945 80 - TY
11/00 9.0 157.4 1002 35 - TS 19/12 15.1 127.9 950 80 - TY
11/06 9.5 156.4 1000 35 - TS 19/18 15.7 127.2 950 75 - TY
11/12 9.8 155.6 996 35 - TS 20/00 16.2 126.8 955 7% - TY
11/18 9.8 155.2 996 35 - TS 20/06 16.8 126.0 955 7% - TY
12/00 9.9 154.1 992 40 - TS 20/12 17.2 125.7 950 80 - TY
12/06 10.0 153.0 990 45 - TS 20/18 18.0 125.2 950 80 - TY
12/12 10.1 152.3 990 45 - TS 21/00 18.3 124.6 950 80 - TY
12/18 10.1 1515 985 50 - STS 21/06 18.8 124.4 955 75 - TY
13/00 10.0 150.7 980 55 - STS 21/12 19.2 1242 955 70 - TY
13/06 10.1 149.8 980 55 - STS 21/18 19.6 124.1 960 70 - TY
13/12 10.0 149.1 980 55 - STS 22/00 20.2 1240 975 55 - STS
13/18 10.4 148.3 975 60 - STS 22/06 20.4 123.4 980 55 - STS
14/00 10.4 147.3 965 70 - TY 22/12 20.6 123.1 985 50 - STS
14/06 10.6 146.2 960 75 - TY 22/18 20.7 123.0 990 45 - TS
14/12 10.8 145.1 950 80 - TY 23/00 20.7 1225 994 45 - TS
14/18 11.2 143.8 945 80 - TY 23/06 20.8 122.4 994 45 - TS
15/00 11.5 1423 945 80 - TY 23/12 21.0 1224 994 45 - TS
15/06 11.9 140.9 945 80 - TY 23/18 21.3 122.3 994 45 - TS
15/12 12.3 1395 940 8 - TY 24/00 22.0 122.7 994 45 - TS
15/18 12.7 138.3 930 90 - TY 24/06 23.2 123.0 994 45 - TS
16/00 13.1 137.0 930 9 - TY 24/12 24.8 1239 994 45 - TS
16/06 13.5 136.0 930 90 - TY 24/18 26.8 1253 996 40 - TS
16/12 13.7 135.2 935 85 - TY 25/00 29.3 127.2 998 35 - TS
16/18 13.9 1344 935 8 - TY 25/03 30.6 128.6 1000 - - TD
17/00 13.9 133.8 940 8 - TY 25/06 32.1 129.9 1000 - - TD

17/06 13.8 132.9 940 8 - TY 25/12 Dissip
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TY CHAN-HOM (0303)

Tropical Cyclones 2003

Chan-hom formed as a tropical depression (TD) near the Truk Islands at OOUTC 19 May 2003.

After stamping at the initia place for 18 hours, it began to take a counterclockwise course and

developed into atropical storm (TS) east of Ulul Island at 122UTC 20 May.

It changed its direction

to the north and developed into a typhoon over the sea east of Saipan at 06UTC 23 May, then it
reached its peak intensity with maximum sustained wind of 85kt over the sea northeast of Saipan at

18TUC 23 May. Keeping the same intensity, it turned its track from north to northeast. After

passing over the sea east of Minamitorishimaon 25 May, it weakened into TS over the seafar east of
Japan at OOUTC 27 May. Then it transformed into an extratropical cyclone at 06UTC 27 May over
the same waters and dissipated over the sea south of the Aleutian Islands at 12UTC 28 May.

Date/Time ~ Center Position p?:S"S‘L?'e V"cf:; Nuﬁ"ber Grade  Date/Time  Center Position p?j:;g”:'e xﬁ“xd Nui'ber Grade
(UTC) Lat(N) Lon(E)  (hPa) (kt) (UTC) Lat(N) Lon(E) (hPa) (k)

May 19/00 7.1 150.3 1006 TD 24/00 18.3 151.4 940 85 TY
19/06 7.1 150.3 1004 TD 24/06 19.3 152.1 940 85 TY
19/12 7.1 150.3 1004 TD 24/12 20.0 152.6 940 85 TY
19/18 7.2 150.3 1004 TD 24/18 21.1 153.8 940 85 TY
20/00 7.3 150.9 1004 TD 25/00 22.3 154.8 945 75 TY
20/06 7.8 151.0 1000 - TD 25/06 23.6 155.8 950 70 TY
20/12 8.3 150.7 998 35 TS 25/12 25.1 156.8 955 70 TY
20/18 8.6 150.4 996 40 TS 25/18 26.8 157.7 960 70 TY
21/00 8.9 150.4 994 45 TS 26/00 28.4 158.8 965 65 TY
21/06 9.4 150.5 990 50 STS 26/06 30.1 160.6 975 60 STS
21/12 10.0 150.5 985 55 STS 26/12 31.4 162.7 985 50 STS
21/18 10.8 150.6 985 55 STS 26/18 32.8 164.9 985 50 STS
22/00 11.4 150.9 980 55 STS 27/00 33.8 166.9 990 40 TS
22/06 12.6 151.2 980 55 STS 27/06 34.8 169.5 996 - L
22/12 13.2 151.4 980 55 STS 27/12 35.6 171.9 996 L
22/18 14.4 151.4 975 60 STS 27/18 35.8 174.4 1000 L
23/00 15.0 151.1 975 60 STS 28/00 35.5 175.7 1008 L
23/06 15.6 151.3 965 70 TY 28/06 35.5 177.7 1012 L
23/12 16.4 151.4 950 80 TY 28/12 Dissip
23/18 17.4 1515 940 85 TY
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Tropical Cyclones 2003

STS LINFA (0304)

Linfa formed as a tropica depression (TD) over the sea west of Luzon Island at 06UTC 25 May
2003. It began to take a counterclockwise course and developed into atropical storm (TS) over the
same waters at OOUTC 26 May.
tropical storm (STS) near the western coast of Luzon Island at 0OUTC 27 May. Moving to the east,
it landed on Luzon Island and weakened into a TS, then turned northeastwards at 12UTC 27 May.
After leaving Luzon Island, it held afairly straight northeastward track. Moving to the northeast, it

It changed its direction to the east and developed into a severe

redeveloped into a STS and reached its peak intensity with maximum sustained wind of 55kt over
the sea south of Okinawa at 18UTC 29 May.
east of Kyushu. After landing on the western Shikoku, it transformed into an extratropical cyclone
at OOUTC 31 May. It held afairly straight northeastward track and entered the Sea of Okhotsk on 2
June, then dissipated over the same waters at 12UTC 4 June.

| turned north-northeastwards and passed over the sea

Date/Time Center Position p(r:::;LE:L V’\\;I;Z Nuﬁ'llber Grade Date/Time Center Position p(r::;st[la:la V’\\;Iliti Nuﬁlber Grade
(UTC) Lat(N) Lon (E) (hPa) (kt) (UTC) Lat(N) Lon(E) (hPa) (kt)

May 25/06 16.5 118.5 1000 D 30/09 28.8 131.2 980 50 STS
25/12 16.4 118.3 1000 D 30/12 30.0 131.4 980 50 STS
25/18 16.1 118.0 1000 - TD 30/15 31.2 131.8 980 50 STS
26/00 15.8 118.4 994 35 TS 30/18 32.3 132.2 980 50 STS
26/06 16.0 118.7 990 45 TS 30/21 335 1326 985 45 TS
26/12 16.0 119.2 990 45 TS 31/00 339 1332 988 - L
26/18 16.1 119.2 990 45 TS 31/06 35.0 134.4 988 L
27/00 16.1 119.9 985 50 STS 31/12 36.1 1351 992 L
27/06 16.2 121.3 992 35 TS 31/18 37.7 137.7 994 L
27/12  16.8 121.9 992 35 TS Jun 01/00 39.6 140.5 994 L
27/18 175 122.6 992 40 TS 01/06 40.9 1425 992 L
28/00 18.7 124.0 992 40 TS 01/12 42.8 1441 992 L
28/06 19.8 124.6 992 40 TS 01/18 44.2 146.8 988 L
28/12 20.3 125.0 992 40 TS 02/00 45.1 148.3 988 L
28/18 20.9 125.3 992 40 TS 02/06 47.3 149.5 986 L
29/00 21.9 125.8 992 40 TS 02/12 49.0 150.4 984 L
29/06 22.3 126.9 990 40 TS 02/18 50.0 150.7 982 L
29/12 22.8 128.1 985 45 TS 03/00 509 152.0 982 L
29/15 23.9 128.8 985 45 TS 03/06 52.8 152.1 984 L
29/18 243 129.1 980 55 STS 03/12 541 152.1 986 L
29/21 25.0 129.6 980 55 STS 03/18 55.0 152.2 986 L
30/00 25.7 130.3 980 55 STS 04/00 55.1 1529 988 L
30/03 26.5 130.5 980 55 STS 04/06 55.9 153.6 990 L
30/06 27.6 130.8 980 50 STS 04/12 Dissip
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Nangka formed as a tropical depression (TD) west of Luzon Island at 0OOUTC 30 May 2003.
moved to the west and made an abrupt turn to the northeast at 18UTC 31 May.

STS NANGKA (0305)

Tropical Cyclones 2003

It

It became atropical

storm (TS) over the same waters at OOUTC 1 June and reached its peak intensity with a maximum

sustained wind of 50kt south-southwest of Taiwan at 18UTC on the same day. Holding a fairly
straight northeastward track, it passed the Bashi Channel on 2 June and downgraded into a TD west
of Minamidaitojima at 12UTC 3 June, then transformed into a extratropical cyclone south of the Kii

Peninsulaat OOUTC 4 June. It dissipated far east of Japan at 18UTC 7 June.

Date/Time Center Position p?:;st[f:le V’\\;I;); Nu;lber Grade Date/Time Center Position pCrZ::StLa:Ie V\’\;Ii)((i Nu::ber Grade
(UTC) Lat(N) Lon(E) (hPa) (kt) (UTC) Lat(N) Lon(E) (hPa) (kt)

May 30/00 16.8 118.8 1002 - - TD 03/12 25.7 1304 994 - - TD
30/06 16.7 118.5 1000 - - TD 03/18 27.6 1325 994 - - TD
30/12 16.6 118.0 1000 - - TD 04/00 29.1 1355 994 - - L
30/18 16.5 117.6 1000 - - TD 04/06 30.3 1369 996 - - L
31/00 16.7 117.2 1000 - - TD 04/12 315 139.4 996 - - L
31/06 16.8 117.0 998 - - TD 04/18 33.1 141.8 998 - - L
3112 16.9 116.7 998 - - TD 05/00 35.3 1449 1000 - - L
31/18 17.1 1165 998 - - TD 05/06 36.2 146.2 1000 - - L

Jun 01/00 17.4 117.6 996 35 - TS 05/12 37.8 149.0 1000 - - L
01/06 17.8 117.9 994 40 - TS 05/18 38.4 151.2 1000 - - L
01/12 18.4 118.2 990 45 - TS 06/00 39.5 1529 1006 - - L
01/18 19.5 118.7 985 50 - STS 06/06 39.9 154.2 1006 - - L
02/00 20.5 119.2 985 50 - STS 06/12 40.3 1559 1008 - - L
02/06 20.7 119.8 985 50 - STS 06/18 40.3 157.0 1008 - - L
02/12 21.3 121.6 990 50 - STS 07/00 40.2 1584 1012 - - L
02/18 22.3 1233 992 45 - TS 07/06 40.1 159.9 1012 - - L
03/00 22.7 124.9 994 40 - TS 07/12 40.3 162.6 1012 - - L
03/06 23.7 1275 994 3% - TS 07/18 Dissip
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Tropical Cyclones 2003

TY SOUDELOR (0306)

Soudelor formed as a tropical depression (TD) northeast of the Palau Islands at 0OOUTC 12 June 2003.
It moved to the west-northwest and became a tropica storm (TS) east of the Philippines at 06UTC
13 June. It changed the direction to the west on 13 June, then to the north-northwest east of Samar
Island on 14 June. Shortly after it changed the direction to the north, it upgraded into a typhoon
south of Iriomotgjimaat 12UTC 17 June and passed Iriomotejima around half past 20UTC 17 June.
Moving north-northeastwards in East China Sea, it reached its peak intensity with a maximum
sustained wind of 80kt west of Okinawa at 06UTC 18 June. With gradua weakening, it passed
Tsushima at STS intensity around 04UTC 19 June. Moving to the northeast, it transformed into an
extratropical cyclone north-northeast of Oki Island at 15UTC 19 June. After it passed the northern
part of Japan on 20 June, it dissipated far east of Japan at 06UTC 24 June.

Central Max Cl Central Max Cl

Date/Time Center Position pressure wind  Number Grade Date/Time Center Position pressure  Wind  Number Grade
(UTC) Lat(N) Lon (E) (hPa) (kt) (UTC) Lat(N) Lon(E) (hPa) (kt)

Jun  12/00 9.1 136.9 1008 - - TD 18/09 27.1 1251 955 80 - TY
12/06 10.1 135.1 1006 - - D 18/12 27.8 1255 960 75 - TY
12/12 10.8 133.7 1006 - - TD 18/15 28.9 1258 960 7% - TY
12/18 11.0 133.4 1006 - - TD 18/18 29.9 126.0 965 70 - TY
13/00 11.2 1323 1004 - - TD 18/21 31.1 1269 970 65 - TY
13/06 11.2 1315 1000 3B - TS 19/00 325 128.1 975 60 - STS
13/12 114 129.1 1000 3B - TS 19/03 339 1289 975 60 - STS
13/18 11.4 128.0 996 40 - TS 19/04 342 129.2 975 60 - STS
14/00 11.4 1275 996 40 - TS 19/06 34.8 129.6 980 55 - STS
14/06 119 126.9 996 40 - TS 19/09 36.2 131.2 980 55 - STS
14/12 12.4 126.3 996 40 - TS 19/12 36.9 132.0 985 50 - STS
14/18 13.1 125.9 996 40 - TS 19/15 375 1337 985 - - L
15/00 14.1 125.6 994 45 - TS 19/18 38.7 1349 988 L
15/06 15.0 125.4 990 50 - STS 20/00 40.4 138.2 996 L
15/12 158 124.9 985 50 - STS 20/06 41.3 140.1 996 L
15/18 16.4 124.7 980 55 - STS 20/12 415 1434 996 L
16/00 16.9 124.7 980 55 - STS 20/18 42.0 1456 996 L
16/06 17.6 124.1 980 55 - STS 21/00 41.7 147.0 994 L
16/12 18.3 123.3 980 55 - STS 21/06 41.1 1485 994 L
16/18 19.2 123.0 980 55 - STS 21/12 40.6 149.8 996 L
17/00 19.6 122.8 975 60 - STS 21/18 39.8 151.0 996 L
17/06 20.7 123.2 975 60 - STS 22/00 39.2 1519 996 L
17/09 21.4 1235 975 60 - STS 22/06 38.3 153.4 998 L
17/12 22.0 123.6 970 65 - TY 22/12 37.4 154.7 998 L
17/15 22.7 1237 970 65 - TY 22/18 37.0 155.6 998 L
17/18 23.6 123.8 970 65 - TY 23/00 37.0 157.1 998 L
17/20 24.2 123.8 968 65 - TY 23/06 38.2 159.1 998 L
17/21 243 123.8 965 70 - TY 23/12 38.8 161.0 998 L
18/00 25.1 123.9 960 7% - TY 23/18 39.1 161.9 1002 L
18/03 25.6 124.1 960 7% - TY 24/00 39.2 162.5 1004 L
18/06 26.4 1245 955 80 - TY 24/06 Dissip
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Tropical Cyclones 2003

TY IMBUDO (0307)

Imbudo formed as a tropical depression (TD) south-southwest of the Truk Islands at 0OUTC 15 July
2003. It moved to the north-northwest and changed the direction to the west at TD intensity.
After changing the direction to the northwest around 21UTC 16 July, it became atropical storm (TS)
east-southeast of Yap Island at 06UTC 17 July. Imbudo held an almost straight west-northwest
track until its dissipation. It upgraded into a severe tropical storm (STS) west-northwest of Yap
Idland at 18UTC 18 July and developed into a typhoon north-northwest of Palau Islands at 18UTC
on the following day. It reached its peak intensity with a maximum sustained wind of 90kt east of
Philippines at 12UTC 20 July. With gradua weakening, it made landfall on Luzon Island around
03UTC 22 July. It entered South China Sea around 09UTC 22 July and made a minor development
over the same waters on 23 July. With rapid weakening, it made landfall west of Macao around
03UTC 24 July. It downgraded into STS at 06UTC 24 July, then into TS around Nanning at 12UTC
on that day. It downgraded into TD around the border between China and Vietnam at 0OUTC 25
July and dissipated over the same region at 18UTC on that day.

Central Max Cl Central Max Cl

Date/Time Center Position pressure wind  Number Grade Date/Time Center Position pressure  Wind  Number Grade
(UTC) Lat(N) Lon (E) (hPa) (k) (UTC) Lat(N) Lon(E) (hPa) (kt)

Jul  15/00 4.8 150.4 1008 - - TD 20/12 12,5 130.7 935 9 - TY
15/06 5.9 149.8 1006 - - TD 20/18 13.3 129.6 935 90 - TY
15/12 6.2 148.3 1006 - - TD 21/00 135 128.1 945 85 - TY
15/18 6.1 146.8 1004 - - TD 21/06 14.0 127.1 945 85 - TY
16/00 6.0 145.6 1004 - - TD 21/12 15.0 125.9 945 85 - TY
16/06 5.7 1438 1004 - - TD 21/18 15.8 1245 950 80 - TY
16/12 6.1 1428 1004 - - TD 22/00 16.3 123.0 950 80 - TY
16/18 7.3 142.2 1002 - - TD 22/06 16.9 121.3 955 7% - TY
17/00 7.3 1417 1002 - - TD 22/12 17.8 119.6 960 70 - TY
17/06 8.3 140.9 998 3% - TS 22/18 18.1 1184 965 70 - TY
17/12 8.8 140.1 998 35 - TS 23/00 18.2 116.7 960 70 - TY
17/18 9.2 139.5 998 35 - TS 23/06 18.7 115.2 955 7% - TY
18/00 9.7 138.2 996 40 - TS 23/12 195 1141 955 75 - TY
18/06 10.0 137.3 994 40 - TS 23/18 20.0 112.8 955 7% - TY
18/12 10.3 137.2 990 45 - TS 24/00 21.1 112.0 965 65 - TY
18/18 10.6 136.5 985 50 - STS 24/06 22.1 1101 975 50 - STS
19/00 10.6 135.5 980 55 - STS 24/12 22.8 1085 985 40 - TS
19/06 10.5 134.7 975 60 - STS 24/18 235 107.2 992 35 - TS
19/12 105 134.2 975 60 - STS 25/00 23.0 106.0 996 - - TD
19/18 10.9 1333 970 65 - TY 25/06 23.1 105.0 996 - - TD
20/00 11.6 132.9 960 7% - TY 25/12 235 1044 998 - - TD
20/06 12.1 131.6 945 85 - TY 25/18 Dissip
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Tropical Cyclones 2003

STS KONI (0308)

Koni formed as a tropica depression (TD) north of the Palau Islands at 0OUTC 15 July 2003. It
moved to the west and changed the direction to the west-northwest around 06UTC 16 July. It
reached the southeastern edge of Samar Island around OOUTC 17 July and crossed the middle of
Philippines at TD intensity on that day. Shortly after it entered South China Sea, it became a
tropical storm (TS) north of Palawan Island at 06UTC 18 July. It changed its direction to the
northwest around 18UTC 18 July and upgraded into a severe tropical storm (STS) over the middle of
South China Sea at 0OUTC 20 July. After it changed the direction to the west-northwest around
12UTC 20 July, it reached its peak intensity with a maximum sustained wind of 60kt southeast of
Hainan Island at 18UTC on that day. With gradual weakening, it reached the southeastern coast of
Hainan Island around 12UTC 21 July. It downgraded into TS over Hainan Island at 18UTC 21 July
and entered Gulf of Tongking. After it landed on the coast of northern Vietham around 08UTC 22
July, it downgraded into TD over the northern Laos at 18UTC on that day. It dissipated over the
sameregion at OOUTC 23 July.

Date/Time Center Position p(r::sns[[na:le V’:/A;ii Nuﬁber Grade Date/Time Center Position p?::;;i VA\;I;Z Nuﬁlber Grade
(UTC) Lat(N) Lon (E) (hPa) (kt) (UTC) Lat(N) Lon(E) (hPa) (kt)

Jul 15/00 9.4 134.8 1008 - - TD 19/06 145 116.7 992 45 - TS
15/06 9.7 133.7 1004 - - TD 19/12 15.0 116.4 992 45 - TS
15/12 10.0 132.0 1006 - - TD 19/18 15.5 116.0 990 45 - TS
15/18 9.9 130.6 1004 - - TD 20/00 16.4 1150 985 50 - STS
16/00 9.6 130.3 1002 - - TD 20/06 16.9 1142 980 55 - STS
16/06 9.8 129.2 1002 - - TD 20/12 17.8 113.7 980 55 - STS
16/12 10.3 128.3 1002 - - TD 20/18 18.1 1121 975 60 - STS
16/18 10.8 126.7 1002 - - TD 21/00 18.2 1113 975 60 - STS
17/00 10.9 125.9 1000 - - TD 21/06 185 1109 975 55 - STS
17/06 11.4 124.6 1000 - - TD 21/12 185 110.2 980 50 - STS
17/12 12.2 1225 1000 - - TD 21/18 19.2 109.1 985 45 - TS
17/18 124 121.9 1000 - - TD 22/00 19.6 107.8 985 45 - TS
18/00 12.4 120.3 1000 - - TD 22/06 20.0 106.5 985 45 - TS
18/06 12.3 119.1 998 3 - TS 22/12 20.2 105.0 990 40 - TS
18/12 125 1185 998 40 - TS 22/18 20.0 103.0 998 - - TD
18/18 12.8 117.9 996 40 - TS 23/00 Dissip
19/00 135 117.2 994 40 - TS
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Tropical Cyclones 2003

TS MORAKOT (0309)

Morakot formed as a tropical depression (TD) east of Luzon Island at 03UTC 1 August 2003. It
took a counterclockwise track and began to hold an almost straight northwestward track around
18UTC 1 August. It became a tropical storm (TS) northeast of Luzon Island at 06UTC 2 August.
It reached its peak intensity with maximum sustained wind of 45kt north of Luzon Island at 18UTC
2 August. It crossed Taiwan after 12UTC 3 August and weakened to a TD over Taiwan Strait at
12UTC 4 August. It dissipated over the same waters at 18UTC 4 August.

Date/Time Center Position Central M_a X c Grade Date/Time Center Position Central M_e\ X
pressure Wind  Number pressure  Wind
(UTC) Lat(N) Lon (E) (hPa) (kt) (UTC) Lat(N) Lon(E) (hPa) (kt)
Jul  31/18 154 1275 1004 - - TD 03/00 20.7 122.1 992 45
Aug 01/00 16.0 128.0 1004 - - TD 03/06 21.4 121.4 992 45
01/06 16.6 127.9 1002 - - TD 03/12 22.1 121.0 994 45
01/12 16.8 127.8 1002 - - TD 03/18 23.2 1199 994 40
01/18 17.6 127.3 1002 - - TD 04/00 23.7 119.0 996 35
02/00 18.3 126.2 1000 - - TD 04/06 24.1 1185 996 35
02/06 18.9 125.1 996 35 25 TS 04/12 23.8 118.0 1000 -
02/12 19.8 124.0 994 40 25 TS 04/18
02/18 20.1 122.9 992 45 3.0 TS
=i - | & L F
X | ) - e d
TROPICAL CICLONE TRACES bois, - o e i
y 1 1 bz 3 | i , 1 i lf".-'{%i.".-_lﬂ'-";_.} I:.:‘5'-
] ] T = ol Vel
: Ty ] ::I
- o o i
ER sl
= : (N - 1’ i -
1 .I [ ;i 1_“ ¥ a L
3, I T ”
] r
\ rl . : T
&
1 J i
[ h 1
-_ r:;,.- e L' e e e e
; | 5
.:':' Yol {
i i
: .: Py '
' iy :
2 "--'.q'_ :__.: -r'.' |
- ; 1|
. Ly -'.--_l_
! . i




Tropical Cyclones 2003

TY ETAU (0310)

Etau formed as a tropical depression (TD) northeast of Yap Island at 18UTC 2 August 2003. It
moved to the northwest and became a tropical storm (TS) north-northeast of Yap Island at 06UTC 3
August. Moving northwestwards, it developed into a severetropical storm (STS) at 00UTC 4 August,
then developed into a typhoon (TY) far southwest of Okinotorishima at 18UTC on the same day. It
changed the direction to the north-northwest on 6 August and passed near Okinawa around half past
00OUTC 7 August. It reached the peak intensity with a maximum sustained wind of 85kt north of
Okinawa at 06UTC 7 August and changed the direction to the northeast. It passed near
Amamioshima around half past 10UTC 7 August and made landfall around Muroto city, Kochi
Prefecture at TY intensity before 13UTC 8 August. Then it passed near Awajishimaaround 18UTC
8 August and landed around Nishinomiya city, Hyogo Prefecture at STS intensity around 21UTC on
that day. After traveling over Honshu with weakening, it entered the waters south of Hokkaido. It
made landfall around Erimo Promontory at TS intensity around half past 16UTC 9 August and
transformed into an extratropical cyclone over Hokkaido at 18UTC on that day. It entered Sea of
Okhotsk and dissipated over the waters west of Kamchatka Peninsulaat 00OUTC 12 August.

Central Max Cl Central Max Cl

Date/Time Center Position pressure wind  Number Grade Date/Time Center Position pressure  Wind  Number Grade
(UTC) Lat(N) Lon (E) (hPa) (kt) (UTC) Lat(N) Lon(E) (hPa) (kt)

Aug 02/18 12.4 140.2 1004 - - TD 07/21 30.0 1315 950 80 - TY
03/00 12.6 140.0 1004 - - TD 08/00 30.7 132.0 950 75 50 TY
03/06 13.4 139.6 1000 35 20 TS 08/03 315 132.7 950 7% - TY
03/12 139 138.8 996 40 25 TS 08/06 32.1 133.1 950 75 50 TY
03/18 14.7 138.0 990 45 3.0 TS 08/09 32.7 133.6 950 7% - TY
04/00 15.2 136.6 980 55 3.5 STS 08/12 33.2 134.0 950 75 50 TY
04/06 15.6 135.0 980 55 3.5 STS 08/15 33.7 1344 955 60 - STS
04/12 16.5 1344 975 60 4.0 STS 08/18 34.2 134.8 965 50 4.0 STS
04/18 17.8 133.8 965 70 45 TY 08/21 34.7 1354 970 50 - STS
05/00 18.3 132.8 960 75 45 TY 09/00 355 136.1 975 45 40 TS
05/06 18.6 1315 960 75 45 TY 09/03 36.5 1374 980 45 - TS
05/12 19.3 131.0 960 75 50 TY 09/06 37.4 138.8 985 40 35 TS
05/18 20.5 130.3 960 75 50 TY 09/09 38.4 140.0 985 40 - TS
06/00 21.5 1295 955 75 50 TY 09/12 40.0 1412 985 40 3.0 TS
06/06 22.7 129.0 955 75 50 TY 09/15 414 1424 985 40 - TS
06/12 239 128.8 955 75 50 TY 09/16 419 1428 985 40 - TS
06/15 24.7 128.6 955 7% - TY 09/18 42.8 143.7 984 - - L
06/18 25.3 1284 950 80 5.0 TY 10/00 44.7 1469 984 - - L
06/21 26.0 128.3 950 80 - TY 10/06 48.4 151.1 984 - - L
07/00 26.5 128.2 950 80 55 TY 10/12 50.7 1526 984 - - L
07/03 27.0 128.2 950 80 - TY 10/18 52.3 1525 984 - - L
07/06 27.5 1285 945 85 55 TY 11/00 52.8 1519 984 - - L
07/09 28.0 129.0 945 8 - TY 11/06 53.2 1525 988 - - L
07/10 28.1 129.2 945 8 - TY 11/12 53.0 153.2 990 - - L
07/12 28.4 1295 950 80 55 TY 11/18 52.2 154.0 990 - - L
07/15 28.8 130.1 950 80 - TY 12/00 Dissip

07/18 29.4 130.8 950 80 55 TY
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TS VAMCO (0311)

Vamco formed as atropica depression (TD) east-northeast of Luzon Island at 06UTC 18 August
2003. It moved to the north-northwest and became atropical storm (TS) and reached its peak
intensity with a maximum sustained wind of 35kt over the sea south-southeast of Ishigakijima at
06UTC 19 August. It changed the direction to the northwest and weakened into a TD north of
Taiwan Strait at 00UTC 20 August, then dissipated over the same waters at 06UTC on that day.

Date/Time Center Position p(r:ssnst[Jarle V’\\;Ili); Nu:;lber Grade Date/Time Center Position p(:::stf:s v’:;'f:; Nunc1|ber Grade
(UTC) Lat(N) Lon (E) (hPa) (kt) (UTC) Lat(N) Lon(E) (hPa) (kt)

Aug 18/06 18.3 125.3 1004 - - TD 19/12 242 1235 996 35 25TS
18/12 18.4 125.3 1002 - - TD 19/15 249 1229 996 35 - TS
18/18 18.6 125.4 1000 - - TD 19/18 255 122.4 996 35 25TS
19/00 20.5 125.4 1000 - - TD 20/00 27.2 1209 998 - - TD
19/06 22.7 124.8 996 35 25TS 20/06 Dissip
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TY KROVANH (0312)

Krovanh formed as a tropical depression (TD) west of Pompel Island at 18UTC 13 August 2003. It
moved west-northwestwards and changed the direction to the northwest over the sea south of Guam
around 18UTC 16 August. Keeping TD intensity, it changed the direction to the west-southwest
over the sea west-southwest of Okinotorishima at 12UTC 19 August. It became a tropical storm
(TS) far south of Minamidaitojima at 12UTC 20 August and developed into a severe tropical storm
(STS) northeast of Luzon Island at 06UTC on the following day. It developed into a typhoon and
reached its peak intensity with a maximum sustained wind of 65kt east of Luzon Island at 0OUTC 22
August, then it crossed the Island on that day. After it temporarily weakened to TS over the
western coast of Luzon Island at 18UTC 22, it developed into a STS west of the Island at 00UTC on
the following day and gradually changed the direction to the west-northwest. It developed into a
typhoon and reached the second peak intensity with a maximum sustained wind of 65kt over South
China Sea at 18UTC 24 August. After it passed Leizhou Bandao around OOUTC 25 August, it
landed on the northern coast of Vietham at STS intensity around 12UTC on that day. It
downgraded into a TS at 00 UTC 26 August and further downgraded into a TD over the northern
part of Vietham at 06UTC on that day. It dissipated over the northern part of Vietnam at 18UTC 26
August.

Central Max Cl Central Max Cl

Date/Time Center Position pressure Wind  Number Grade Date/Time Center Position pressure  Wind  Number Grade
(UTC) Lat(N) Lon(E) (hPa) (kt) (UTC) Lat(N) Lon(E) (hPa) (kt)

Aug 13/18 7.2 156.0 1008 - - TD 20/12 18,9 131.3 998 35 25 TS
14/00 7.6 155.6 1008 - - TD 20/18 18.7 130.4 990 45 3.0 TS
14/06 8.0 155.2 1008 - - TD 21/00 18.5 129.4 990 45 3.0 TS
14/12 8.5 154.0 1008 - - TD 21/06 18.2 128.3 985 50 3.0 STS
14/18 8.7 152.6 1006 - - TD 21/12 179 127.0 980 55 35 STS
15/00 9.0 151.6 1008 - - TD 21/18 17.8 1259 975 60 4.0 STS
15/06 9.3 150.6 1006 - - TD 22/00 17.6 124.6 970 65 40 TY
15/12 9.8 149.8 1006 - - TD 22/06 17.5 1234 970 65 45 TY
15/18 10.6 149.3 1006 - - TD 22/12 17.4 1222 970 65 40 TY
16/00 11.1 148.6 1008 - - TD 22/18 17.3 1204 985 45 40 TS
16/06 11.5 147.2 1008 - - TD 23/00 17.3 1194 985 50 35 STS
16/12 12.1 146.0 1008 - - TD 23/06 17.4 118.0 985 50 3.5 STS
16/18 12.6 1444 1008 - - TD 23/12 17.7 116.9 980 55 3.5 STS
17/00 13.2 1439 1010 - - TD 23/18 18.4 1156 975 55 4.0 STS
17/06 13.8 1435 1008 - - TD 24/00 19.0 114.7 975 55 4.0 STS
17/12 14.9 1426 1008 - - TD 24/06 19.3 1134 975 60 4.0 STS
17/18 155 1416 1008 - - TD 24/12 19.4 112.6 975 60 4.0 STS
18/00 16.1 141.0 1008 - - TD 24/18 20.1 111.2 970 65 45 TY
18/06 16.8 140.3 1008 - - TD 25/00 20.7 110.2 970 65 45 TY
18/12 17.4 1394 1008 - - TD 25/06 21.0 109.2 970 65 45 TY
18/18 18.0 138.7 1008 - - TD 25/12 21.3 107.9 975 55 45 STS
19/00 18.9 137.3 1008 - - TD 25/18 21.6 106.9 985 50 3.5 STS
19/06 19.4 136.1 1008 - - TD 26/00 22.2 105.8 990 40 3.0 TS
19/12 19.9 134.6 1008 - - TD 26/06 22.7 104.9 996 - - TD
19/18 19.7 133.7 1008 - - TD 26/12 22.0 103.0 1000 - - TD
20/00 19.4 132.9 1008 - - TD 26/18 Dissip

20/06 19.2 132.0 1004 - - TD
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Tropical Cyclones 2003

TY DUJUAN (0313)

Dujuan formed as atropical depression (TD) southeast of Okinotorishimaat 18UTC 27 August 2003.
It moved westwards and soon changed the direction to the southwest, and then it changed the
direction to the west again south of Okinotorishima at 0OUTC 29 August.
storm (TS) south-southwest of Okinotorishima at 18UTC 29 August. Shortly after it changed the
direction to the west-northwest, it developed into a severe tropical storm (STS) southwest of
Okinotorishima at 06UTC 30 August and further developed into a typhoon west-southwest of the
Island at 18UTC on that day. It reached the peak intensity with a maximum sustained wind of 80kt
south of Miyakojima at 0OOUTC 1 September. It downgraded into a STS and made landfall around
Hong Kong at 12UTC 2 September.  Travelling over the southern coast of China, it downgraded
into aTS west of Hong Kong at 18UTC 2 September. It downgraded into a TD east of Nanning at
00UTC 3 September and dissipated 6 hours later.

It became a tropical

Date/Time Center Position p?::s[[ile xm Nu:\:ﬁlber Grade Date/Time Center Position p(r::sr,]st[Jar:s v’:ﬁz Nuncﬁlber Grade
(UTC) Lat(N) Lon (E) (hPa) (kt) (UTC) Lat(N) Lon(E) (hPa) (kt)

Aug 27/18 17.6 1395 1008 - - TD 31/06 19.8 129.6 960 70 50 TY
28/00 17.8 138.1 1008 - - TD 31/12 20.2 128.3 960 70 50 TY
28/06 17.1 137.4 1008 - - TD 31/18 20.4 1269 960 70 50 TY
28/12 16.2 136.7 1008 - - TD Sep 01/00 20.8 125.3 950 80 55 TY
28/18 16.0 136.5 1006 - - TD 01/06 20.9 123.7 950 80 55 TY
29/00 15.8 136.3 1006 - - TD 01/12 21.3 1219 950 80 55 TY
29/06 16.0 135.4 1002 - - TD 01/18 21.6 120.1 950 80 55 TY
29/12 16.0 135.0 1000 - - TD 02/00 22.1 118.0 950 80 55 TY
29/18 16.0 134.7 998 35 25 TS 02/06 22.3 116.6 960 70 50 TY
30/00 16.1 1345 990 45 3.0 TS 02/12 22.6 1146 975 60 4.5 STS
30/06 16.5 134.1 985 50 3.5 STS 02/18 22.6 112.7 990 45 45 TS
30/12 17.5 1334 980 55 3.5 STS 03/00 22.5 110.7 996 - - TD
30/18 18.5 132.2 975 65 4.0 TY 03/06 Dissip
31/00 19.1 1311 970 65 45 TY
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Tropical Cyclones 2003

TY MAEMI (0314)

Maemi formed as atropical depression (TD) north of the Truk Islands at 0OUTC 4 September 2003.
It moved to the northwest and became a tropical storm (TS) west of the Mariana Islands at 06UTC 6
September. Holding a fairly straight northwestward track, it upgraded into a severe tropical storm
(STS) far southwest of Okinotorishima at 18UTC 7 September, then upgraded into a typhoon (TY)
south of Minamidaitojima at 18UTC on the following day. Still holding a northwestward track, it
reached the peak intensity with a maximum sustained wind of 105kt southeast of Miyakojima at
12UTC 10 September. It passed near Miyakojima at the peak intensity after 19UTC 10 September
and changed the direction sharply to the north-northeast. After it traveled over East China Sea, it
made landfall on the southern coast of Korean Peninsula at TY intensity around 12UTC 12
September. It downgraded into STS near the eastern coast of Korean Peninsula at 18UTC 12
September and changed the direction to the northeast. It transformed into an extratropical cyclone
over Sea of Okhotsk at 21UTC 13 September and dissipated over the adjacent waters of Chishima at
06UTC 16 September.

Date/Time Center Position p(r:::slf::e V’\\;I;T:I Nuglber Grade Date/Time Center Position p?::;[ﬁ:e V\’\;Ili); Nuilber Grade
(UTC) Lat(N) Lon(E) (hPa) (kt) (UTC) Lat(N) Lon(E) (hPa) (kt)

Sep 04/00 9.9 153.1 1008 - - TD 10/21 25.0 1253 910 105 - TY
04/06 10.4 151.1 1006 - - TD 11/00 25.2 1251 910 105 6.5 TY
04/12 10.9 149.7 1006 - - TD 11/03 25.5 125.2 920 9%5 - TY
04/18 11.7 148.7 1004 - - TD 11/06 25.9 125.3 920 95 6.0 TY
05/00 125 1475 1004 - - TD 11/09 26.3 125.4 925 95 - TY
05/06 12.9 145.8 1004 - - TD 11/12 27.0 125.6 930 95 55 TY
05/12 13.8 145.1 1004 - - TD 11/15 27.8 125.7 935 90 - TY
05/18 14.0 143.9 1002 - - TD 11/18 28.4 1258 935 90 55 TY
06/00 15.6 142.8 1000 - - TD 11/21 29.5 126.1 935 90 - TY
06/06 16.5 141.4 994 35 25 TS 12/00 30.5 126.5 930 95 6.0 TY
06/12 16.8 139.9 994 35 25 TS 12/06 32.7 127.1 935 90 6.0 TY
06/18 17.0 138.7 992 40 3.0 TS 12/09 33.9 1275 945 80 - TY
07/00 17.8 138.3 992 40 3.0 TS 12/12 349 128.3 955 75 6.0 TY
07/06 18.8 136.9 992 40 3.0 TS 12/18 37.0 129.8 970 60 6.0 STS
07/12 19.1 1359 990 45 35 TS 13/00 39.1 131.8 975 55 5.0 STS
07/18 19.4 135.0 985 50 3.5 STS 13/06 40.5 134.6 980 50 5.0 STS
08/00 19.7 133.9 980 55 4.0 STS 13/09 415 136.9 980 50 4.5 STS
08/06 20.0 132.8 975 60 4.0 STS 13/12 423 138.1 980 50 4.0 STS
08/12 20.4 132.0 975 60 4.0 STS 13/15 43.2 140.0 980 50 - STS
08/18 21.0 131.2 970 65 40 TY 13/18 44.7 141.2 980 50 3.5 STS
09/00 22.0 130.4 960 70 50 TY 13/21 46.0 1435 984 - - L
09/06 22.6 129.4 950 80 55 TY 14/00 45.2 1457 984 - - L
09/12 229 128.7 940 85 6.0 TY 14/06 46.1 147.5 988 - - L
09/18 23.3 127.8 930 90 65 TY 14/12 47.1 1489 988 - - L
10/00 23.6 127.2 925 95 65 TY 14/18 48.2 150.0 988 - - L
10/03 23.7 126.9 920 95 - TY 15/00 48.8 150.6 988 - - L
10/06 24.0 126.6 910 100 7.0 TY 15/06 49.0 151.1 992 - - L
10/09 24.2 126.3 910 100 - TY 15/12 49.2 1514 996 - - L
10/12 24.3 126.0 910 105 7.0 TY 15/18 48.9 1525 996 - - L
10/15 24.6 125.7 910 105 - TY 16/00 48.9 153.4 996 - - L
10/18 24.7 125.4 910 105 7.0 TY 16/06 Dissip
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TY CHOI-WAN (0315)

Choi-wan formed as a tropical depression (TD) north-northwest of the Palau Islands at 0OOUTC 16
September 2003. It moved to the northwest, then changed the direction to the northeast around
0OUTC 17 September.  After the change of its direction to the northwest again around 12UTC 17
September, it became a tropical storm (TS) far south of Okinawa at 0OUTC 18 September. Shortly
after changing the direction to the north-northeast, it upgraded into a severe tropical storm (STS)
south of Okinawa at OOUTC 19 September and passed the northeastern part of Okinawa around
0830UTC on that day. Then it passed Amamioshima around 2230UTC 19 September and turned
east-northeastwards. It upgraded into atyphoon (TY') southeast of Kyushu at 15UTC 20 September.
After reaching the peak intensity with a maximum sustained wind of 70kt south of Kii Peninsula at
21UTC 20 September, it turned northeastwards around OOUTC 21 September. Holding a fairly
straight northeastward track, it downgraded into STS over the waters east of Honshu at 12UTC 22
September and transformed into an extratropical cyclone east of Hokkaido at 0OUTC 23 September.
It crossed the International Date Line on that day.

Central Max Cl Central Max Cl

Date/Time Center Position pressure Wind  Number Grade Date/Time Center Position pressure  Wind  Number Grade
(UTC) Lat(N) Lon (E) (hPa) (kt) (UTC) Lat(N) Lon(E) (hPa) (kt)

Sep 16/00 13.1 133.0 1004 - - TD 20/03 28.6 130.1 975 60 - STS
16/06 14.0 130.2 1004 - - TD 20/06 28.7 130.5 975 60 3.5 STS
16/12 14.8 128.4 1002 - - TD 20/09 28.8 131.2 975 60 - STS
16/18 15.2 128.1 1000 - - TD 20/12 28.9 132.0 970 60 3.5 STS
17/00 15.8 127.1 1000 - - TD 20/15 29.2 132.8 970 65 - TY
17/06 17.5 128.9 1000 - - TD 20/18 29.5 133.7 970 65 40 TY
17/12 18.8 129.5 1000 - - TD 20/21 29.8 134.7 965 70 - TY
17/18 20.2 129.4 1000 - - TD 21/00 29.9 136.0 960 70 50 TY
18/00 21.4 128.5 994 40 25 TS 21/03 30.5 136.3 960 70 - TY
18/06 21.8 128.3 990 45 3.0 TS 21/06 31.0 137.0 955 70 50 TY
18/12 22.8 127.7 990 45 3.0 TS 21/09 31.6 138.0 955 70 - TY
18/15 23.2 1275 990 45 - TS 21/12 32.2 139.0 955 70 50 TY
18/18 23.6 127.3 990 45 3.0 TS 21/15 32.7 140.0 955 70 - TY
18/21 24.1 127.3 990 45 - TS 21/18 33.2 140.7 960 70 50 TY
19/00 24.9 127.4 985 50 3.0 STS 21/21 33.8 142.1 960 70 - TY
19/03 254 127.7 985 50 - STS 22/00 34.4 142.8 960 70 50 TY
19/06 26.0 127.9 985 50 3.0 STS 22/03 35.1 143.8 965 70 - TY
19/08 26.5 128.2 985 50 - STS 22/06 35.9 145.0 965 65 45 TY
19/09 26.7 128.1 980 60 - STS 22/12 37.7 147.6 980 55 4.0 STS
19/12 27.0 128.2 980 60 3.5 STS 22/18 39.5 151.2 985 50 4.0 STS
19/15 27.4 1283 980 60 - STS 23/00 41.0 156.0 994 - - L
19/18 27.7 128.7 975 60 3.5 STS 23/06 43.4 164.3 1000 - - L
19/21 28.0 129.0 975 60 - STS 23/12 453 171.6 1000 - - L
19/22 28.1 129.2 975 60 - STS 23/18 46.0 178.7 996 - - L

20/00 28.4 129.4 975 60 3.5 STS 24/00 47.0 1845 994 - - Out
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TY KOPPU (0316)

Tropical Cyclones 2003

Koppu formed as a tropical depression (TD) over the sea west of the Mariana Islands at 0OUTC 24

September 2003. After moving toward west for about a day, it began to take an abrupt clockwise

turn. Moving toward the northeast, it developed into a tropical storm (TS) over the sea east of
Okinotorishima at 18UTC 26 September. While it