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EXECUTIVE SUMMARY

The 1998 tropical cyclone forecasting season was one of the most challenging in the 39-year history of
the Joint Typhoon Warning Center (JTWC) due to the nature of the forecast season and the move of JTWC
from Guam to Hawaii. In terms of forecast difficulty, the 1998 Western Pacific (WESTPAC) season was
one of the toughest in the past two decades based upon the performance of the Climatology and Persistence
(CLIPER) model (which provides us a baseline against which to measure our forecast skill). We also noted
a number of anomalies in WESTPAC, many of which could be traced to the well-documented La Nina
event that was on-going throughout the season. First, we had a very late start to the season. Our initial
named storm, Tropical Storm Nichole, did not occur until 7 July. This was the latest occurrence for a
named storm since JTWC has been keeping records (1959). We also had fewer tropical cyclones (tropical
depressions and storms, typhoons and super-typhoons) than average with 27 in 1998 versus an average of
approximately 31. The tropical cyclones that occurred also tended to be less intense than average. In
1998, we had 9 Tropical Depressions (TD), 9 Tropical Storms (TS), and 9 Typhoons (TY). We would
expect an average (again, approximate) of 4 TD, 10 TS, and 18 TY. We definitely experienced a much
higher percentage of TDs than usual and a significantly lower percentage of typhoons. The genesis areas
for the storms was also substantially displaced to the west with a higher percentage of the storms forming
in the South China Sea and fewer east of Guam than we normally expect. This point is amplified later in
the report. Additionally, JTWC faced the daunting task of transferring operations from the Naval Pacific
Meteorology and Oceanography Center West/Joint Typhoon Warning Center, Guam to the Naval Pacific
Meteorology and Oceanography Center/Joint Typhoon Warning Center, Pearl Harbor, Hawaii in order to
meet the requirements of Base Relocation and Closure legislation. In accomplishing the move, a number of
challenges were overcome with outstanding results due to the dedication and devotion to duty of the airmen
and sailors assigned to both commands. JTWC gradually shifted operations to Pearl Harbor over a two-
month period (Nov-Dec, 98). This required JTWC to conduct split operations with a portion of forecasting
watches occurring at Pearl Harbor and the rest in Guam. By 1 Jan 99, the move was complete and all
watches were being stood in Hawaii. All the required equipment to support the tropical cyclone forecasting
and Meteorological Satellite (METSAT) reconnaissance missions was transferred from Guam to Hawaii.
Meanwhile, our METSAT personnel took on the added challenge of incorporating a new primary METSAT
fixing system (NSDS-E) into their daily operations. On the Air Force side of JTWC, a new detachment
was established under the Headquarters Pacific Air Forces Air Operations Squadron under the command of
the JTWC Director. The majority of JTWC personnel reported directly to the new duty location in Pearl
Harbor, Hawaii. As a result, JTWC experienced a 90 percent turnover in personnel starting in June, 1998.
Again, the outstanding performance of JTWC personnel during an incredibly challenging season can not be
overstated. What also can not be overstated is the significant contribution to JTWC operations from those
in the research and support communities. Without the contributions of these unsung heroes, the challenging
task of locating and forecasting the movement of tropical cyclones would be an impossible task. In the
upcoming year, we pledge to leverage all available technology and science to continue to provide the best
possible support to you, our customers.
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FORWARD

The Annual Tropical Cyclone Report is prepared by the staff of the Naval Pacific Meteorology and
Oceanography Center/Joint Typhoon Warning Center (JTWC), a joint Navy/Air Force organization. In
1998, the period covered by this report, JTWC operated under the command of the Commanding Officer,
Naval Pacific Meteorology and Oceanography Center West (NAVPACMETOCCEN WEST)/Joint Typhoon
Warning Center, Guam. In January of 1999, however, JTWC completed the transition from Guam to
Pearl Harbor, Hawaii, as mandated by the 1995 Base Realignment And Closure Commission (BRAC), and
now operates under the command of Commanding Officer, Naval Pacific Meteorology and Oceanography
Center (NAVPACMETOCCEN)/Joint Typhoon Warning Center, Pearl Harbor, Hawaii. This move ends
the nearly forty-year history of JTWC on Guam, which began on 01 May 1959 when the U.S. Commander
in Chief Pacific (USCINCPAC) directed that a single tropical cyclone warning center be established for the
North Western Pacific. No matter where JTWC is located, our customers will continue to receive the same
dedicated support they have come to expect.

The mission of JTWC as directed by USCINCPAC Instruction 3140.1W (series) is multifaceted and
includes:

1. Continuous monitoring of all tropical weather activity in the Northern and Southern Hemispheres, from
180 east longitude westward to the east coast of Africa, and the prompt issuance of appropriate advisories
and alerts when tropical cyclone development is anticipated.

2. Issuance of warnings on all significant tropical cyclones in the above area of responsibility.

3. Determination of requirements for tropical cyclone reconnaissance and assignment of appropriate
priorities.

4. Post-storm analysis of significant tropical cyclones occurring within the North Western Pacific and
North Indian Oceans.

5. Cooperation with the Naval Research Laboratory, Monterey, California on evaluation of tropical
cyclone models and forecast aids, and the development of new techniques to support forecast requirements.

Special thanks is extended to the following organizations for the timely operational support of the JTWC
mission:

Alternate Joint Typhoon Warning Center (NAVPACMETOCCEN Pearl Harbor) Fleet Numerical Mete-
orology and Oceanography Center Air Force Weather Agency NOAA Satellite Data and Information Service
36th Communications Squadron Operations and Equipment Support Departments of both NAVPACME-
TOCCEN/JTWC Pearl Harbor and NAVPACMETOCCEN/JTWC Guamn.

We also wish to thank the Office of Naval Research, Naval Research Laboratory, Monterey and Naval
Postgraduate School for the tremendous research and development support. Of specific note, we would like
to thank the following individuals:

Drs. Lester E. Carr IIT and Russell L. Elsberry for their continuing work on the Systematic and Integrated
Approach to Tropical Cyclone Forecasting. Messrs. Jeff D. Hawkins, Chris S. Veldon, et. Al., for their
continuing efforts to exploit remote sensing technologies. Mr. Charles R. "Buck” Sampson and Ms. Ann
Schrader, et. Al., for their constant support and continued development of the Automated Tropical Cyclone
Forecasting System.



Contents

STAFF
EXECUTIVE SUMMARY
FORWARD

Chapter 1 Operational Procedures
1.1 GENERAL ... ... .. ...

1.1.1 SIGNIFICANT TROPICAL WEATHER ADVISORY . . .. ... ... ... ... ....
1.1.2 TROPICAL CYCLONE FORMATION ALERT . . .. .. .. ... ... ... ... .....
1.1.3 TROPICAL CYCLONE WARNING . . . . . . . . .

1.1.4 PROGNOSTIC REASONING
1.1.5 PRODUCT CHANGES . . .
1.2 DATA SOURCES . ... ...
1.2.1 COMPUTER PRODUCTS .
1.2.2 CONVENTIONAL DATA . .

MESSAGE . . . . . .o

1.2.3 SATELLITE RECONNAISSANCE . . . . . . . . .
1.2.4 RADAR RECONNAISSANCE . . . . . . . . e
1.2.5 AIRCRAFT RECONNAISSANCE . . . . . . . o s
1.2.6 DRIFTING METEOROLOGICAL BUOYS . . . . . . . .. ... .
1.2.7 AUTOMATED METEOROLOGICAL OBSERVING STATION (AMOS) . . ... ... ...

1.3 TELECOMMUNICATIONS .

1.3.1 AUTOMATED DIGITAL NETWORK (AUTODIN) . . . . . . . .. ..o
1.3.2 AUTOMATED WEATHER NETWORK (AWN) . . . . .. .. . .. . . ..
1.3.3 AUTOMATED WEATHER DISTRIBUTION SYSTEM (AWDS) . ... ...........
1.3.4 DEFENSE SWITCHED NETWORK (DSN) . . . . ... .. . ..

1.3.5 NIPRNET/SIPRNET . . . .

1.3.6 TELEPHONE FACSIMILE (TELEFAX) . . . . . . . . . e

1.4 DATA DISPLAYS ... .. ..

1.4.1 AUTOMATED TROPICAL CYCLONE FORECAST (ATCF) SYSTEM . . ... .. .. ..
1.4.2 NAVAL SATELLITE DISPLAY SYSTEM ENHANCED (NSDS-E) ... ...........

1.5 ANALYSES . . . o e

1.6 FORECAST PROCEDURES .

1.6.1 THE SYSTEMATIC APPROACH . . . . . . . . .

1.6.1.1 General Concepts . . . . . .
1.6.1.2 Key Motion Concepts . . .
1.6.1.3 Knowledge Base Framework

vi

ii

iv



1.6.1.3.1 Environment Structure. . . . . . . . . . ... 7

1.6.1.3.1.1 Patterns . . . . . . . . . o e e e 7
1.6.1.3.1.2 Regions . . . . . . . . .. 8
1.6.1.3.1.3 Nomenclature . . . . . . . . . . .. e 9
1.6.1.3.2 TC Structure . . . . . . . . . . e 9
1.6.1.3.3 Transitional Mechanisms . . . . . . . . . . .. ... L L 9
1.6.2 BASIC APPROACH TO FORECASTING . . . . . . . ... e 12
1.6.2.1 Initial Positioning . . . . . . . . . . . 12
1.6.2.2 Track Forecasting . . . . . . . . . . . . e 12
1.6.2.2.1 Numerical Guidance Analysis Phase . . . . . .. .. ... ... ... .. ... ... 12
1.6.2.2.2 Objective Techniques Analysis Phase . . . . . . . . . . ... ... ... .. ... ...... 13
1.6.2.2.3 Forecast Development Phase . . . . . . .. . .. . ... . ... 13
1.6.3 INTENSITY FORECASTING . . . . . . . . . e 14
1.6.4 WIND-RADII FORECASTING . . . . . . . e e 14
1.6.5 EXTRATROPICAL TRANSITION . . . . . . . e 14
1.6.6 TRANSFER OF WARNING RESPONSIBILITY . . . . . . . .. .. . o .. 14
1.6.7 ALTERNATE JOINT TYPHOON WARNING CENTER (AJTWC) . . . . ... ... .... 15
Chapter 2 Reconnaissance And Fixes 16
2.1 GENERAL . . . . o e 16
2.2 RECONNAISSANCE AVAILABILITY . . . . . o e e e e e 16
2.2.1 SATELLITE . . . . . . e e e e e e e 16
222 RADAR . . . . e 16
223 SYNOPTIC . . . . . o e e e 16
2.3 SATELLITE RECONNAISSANCE SUMMARY . . . . . . .. . o 16
2.3.1 SATELLITE PLATFORM SUMMARY . . . . . . . et 19
2.3.2 STATISTICAL SUMMARY . . . . . . e e e e e e 19
2.3.3 APPLICATIONS OF NEW TECHNIQUES AND TECHNOLOGY ... ... ........ 20
2.3.4 FUTURE OF SATELLITE RECONNAISSANCE . . . . . . .. .. ... ... ... ..... 22
2.4 RADAR RECONNAISSANCE SUMMARY . . . . . . . . . e 22
2.5 TROPICAL CYCLONE FIX DATA . . . . . . s e 22
Chapter 3 Summary Of North West Pacific And Northern Indian Ocean Tropical Cyclones 25
3.1 NORTH WEST PACIFIC OCEAN TROPICAL CYCLONES . . . . . ... . ... ... .... 25
3.2 NORTH INDIAN OCEAN TROPICAL CYCLONES . . .. ... .. ... .. ... .. .... 25
Tropical Depression O1W . . . . . . . . . . L e 41
Tropical Storm Nichole (02W) . . . . . . . . . ... . 43
Tropical Storm No Name (03W) . . . . . . . . .. . 45
Typhoon Otto (04W) . . . . . .. e 48
Tropical Storm Penny (05W) . . . . . . . . . e 51
Typhoon Rex (06W) . . . . . . . . 53
Tropical Depression O7TW . . . . . . . . . 0L e 57
Typhoon Stella (08W) . . . . . . . . . e 59
Tropical Depression 09W . . . . . . . . L 61
Super Typhoon Todd (10W) . . . . . . . . . e 63
Typhoon Vicki (11W) . . . . . .. o 68
Tropical Depression 12W . . . . . . . oL 0L e 71
Tropical Storm Waldo (183W) . . . . . . . . . . e 73
Typhoon Yanni (14W) . . . . . .. L e 75

vii



Tropical Depression (I6W) . . . . . . .. o e
Tropical Depression 16W . . . . . . . . .. L e
Tropical Depression 17TW . . . . . . . . o
Super Typhoon Zeb (18W) . . . . . . . . .
Tropical Storm Alex (19W) . . . . . . . . . e
Super Typhoon Babs (20W) . . . . . . . . . L
Tropical Storm Chip (21W) . . . . . . . . .
Tropical Storm Dawn (22W) . . . . . . ...
Tropical Storm Elvis (23W) . . . . . . . . . e
Typhoon Faith (24W) . . . . . .. . e

Tropical Depression 26W . . . . . . . . L e
Tropical Depression 27W . . . . . . . L e e
Tropical Cyclone 01B . . . . . . . . . o e
Tropical Cyclone 02A . . . . . . . . e
Tropical Cyclone 03A . . . . . . . . . e
Tropical Cyclone 04A . . . . . . . . . e
Tropical Cyclone 05A . . . . . . . . . e
Tropical Cyclone 06B . . . . . . . . . . e
Tropical Cyclone OTB . . . . . . . . o e
Tropical Cyclone 08A . . . . . . . . e

Chapter 4 South Pacific And South Indian Ocean Tropical Cyclones
4.1 GENERAL . . . o o
4.2 SUMMARY . . .

Chapter 5 Summary Of Forecast Verification
5.1 ANNUAL FORECAST VERIFICATION . . . . . . . . . e,
5.1.1 NORTHWEST PACIFIC OCEAN . . . . . . . e
5.1.2 NORTH INDIAN OCEAN . . . . . e e e e e
5.1.3 SOUTH PACIFIC AND SOUTH INDIAN OCEANS . . . . . . . . . . . . ... ...,
5.2 COMPARISON OF OBJECTIVE AIDS . . . . . . . . . e e
5.2.1 EXTRAPOLATION (XTRP) . . . . . . o o e e
5.2.2 CLIMATOLOGY and ANALOGS . . . . . . . . e e
5.2.2.1 CLIMATOLOGY (CLIM) . . . . . o o ittt e e e e e e e
5.2.2.2 ANALOG . . . . . o e e
5.2.3 STATISTICAL . . . . . . o e e e e e e e e
5.2.3.1 CLIMATOLOGY AND PERSISTENCE (CLIPER or CLIP) . . ... ... ... ......
5.2.3.2 COLORADO STATE UNIVERSITY MODEL (CSUM) . . .. ... ... ... .......
5.2.3.3JTWC92 or JTI92 . . . . . . . e
524 DYNAMIC . . . . . o e e
5.2.4.1 NOGAPS VORTEX TRACKING ROUTINE (NGPS/X) . . ... ... ... ... .....
5.2.4.2 GEOPHYSICAL FLUID DYNAMICS MODEL - NAVY (GFDN) .. ... .........
5.2.4.3 FNMOC BETA AND ADVECTION MODEL (FBAM) . . ... ... ... ... ......
525 HYBRIDS . . . . . e
5.2.5.1 HALF PERSISTENCE AND CLIMATOLOGY (HPAC) . . . . . ... .. ... ... ....
5.2.5.2 DYNAMIC AVERAGE (DAVE) . . . . . . e
5.3 TESTING AND RESULTS . . . . . . . . e e e e e

viii



Chapter 6 Tropical Cyclone Warning Verification Statistics 169

6.1 GENERAL . . . . . . e 169
6.2 WARNING VERIFICATION STATISTICS . . . . . . . . . e 169
6.2.1 NORTH WEST PACIFIC AND NORTH INDIAN OCEAN VERIFICATION TABLES . .. 169
Chapter 7 Tropical Cyclone Support Summary 192
7.1LINTRODUCTION . . . . o e e e e s 192
7.2 SYSTEMATIC APPROACH TO TROPICAL CYCLONE FORESACTING . . . . ... .. .. 192
7.3 TROPICAL CYCLONE SUPPORT SUMMARY FOR ATCF . . . . . ... ... ... ..... 193
7.4 SSM/I TROPICAL CYCLONE STRUCTURE AND INTENSITY . . ... ... ........ 193
APPENDIX A - DEFINITIONS 195
APPENDIX B - TROPICAL CYCLONE NAMES 199
APPENDIX C - ACRONYMS 201

APPENDIX D - PAST ANNUAL TROPICAL CYCLONE REPORTS 210

ix



Chapter 1

Operational Procedures

1.1 GENERAL

The Joint Typhoon Warning Center (JTWC) provides a variety of products and services to qualified or-
ganizations for the area of responsibility (AOR) described by USCINCPACINST 3140.1W. The following
products are routinely issued by JTWC.

1.1.1 SIGNIFICANT TROPICAL WEATHER ADVISORY

Issued routinely once every 24 hours, or more frequently as needed, to describe all tropical disturbances
and their potential for development into a significant tropical cyclone during the advisory period. Separate
advisories are issued for the Western Pacific and the Indian Ocean.

1.1.2 TROPICAL CYCLONE FORMATION ALERT

Issued as conditions warrant and are intended to notify customers when a tropical disturbance is expected
to develop into a significant tropical cyclone within 24 hours.

1.1.3 TROPICAL CYCLONE WARNING

Issued either at 6 hourly or 12 hourly intervals and provides forecasts of position, intensity, and wind
distribution.

1.1.4 PROGNOSTIC REASONING MESSAGE

Issued in conjunction with tropical cyclone warnings in the North West Pacific (NWP). This message provides
Meteorologists with the rationale for the intensity, movement and wind distribution contained in the JTWC
warning.

1.1.5 PRODUCT CHANGES

The contents and availability of JTWC products and services are set forth in USCINCPACINST 3140.1W.
Changes to USCINCPACINST 3140.1W are discussed and approved at the annual U.S. Pacific Command
(PACOM) Tropical Cyclone Conference.



1.2 DATA SOURCES
1.2.1 COMPUTER PRODUCTS

Numerical and statistical guidance are provided to JTWC by Fleet Numerical Meteorology and Oceanogra-
phy Center (FLENUMETOCCEN, or FNMOC) at Monterey, California. FNMOC also supplies JTWC with
numerical analyses and prognoses from the Navy Operational Global Atmospheric Prediction System (NO-
GAPS) via the DOD NIPRNET network (Internet gateway). FNMOC furthermore, provides JTWC with
numerical analyses and prognoses from the (U.S.) National Center for Environmental Prediction (NCEP),
the European Centre for Medium-Range Weather Forecasts (ECMWF), and the Australian Meteorological
Bureau.

1.2.2 CONVENTIONAL DATA

These data sets are comprised of land and ship surface observations, observations from commercial and
military aircraft (AIREPS) recorded within six hours of synoptic times, and cloud-motion winds derived
from satellite data. The data is computer plotted, and manually analyzed for the surface/gradient and
200-mb levels twice daily, at the 00Z and 12Z synoptic times.

1.2.3 SATELLITE RECONNAISSANCE

Meteorological satellite imagery is obtained from the Defense Meteorological Satellite Program (DMSP), Na-
tional Oceanographic and Atmospheric Administration (NOAA), and other sources. Satellite reconnaissance
is discussed further in Section 2.3, Satellite Reconnaissance Summary. In addition to visual, infrared and
water vapor imagery, microwave data from DMSP and European Remote Sensing (ERS)-2 satellites provide
additional information on tropical cyclone location and the distribution of low-level winds.

1.2.4 RADAR RECONNAISSANCE

When a well-defined TC moves within range of land-based radar sites, radar reports are invaluable for deter-
mination of position, movement, and, in the case of Doppler radar, storm structure and wind information.
JTWC’s use of radar reports during 1998 is described in Section 2.4, Radar Reconnaissance Summary.

1.2.5 AIRCRAFT RECONNAISSANCE

No aircraft fixes were available in 1998.

1.2.6 DRIFTING METEOROLOGICAL BUOYS

In 1998, 30 drifting buoys were deployed in the NWP by Air National Guard C-130 aircraft under the
auspices of NAVOCEANO in support of JTWC. This buoy deployment is part of a continuing Commander,
Naval Meteorology and Oceanography Command (COMNAVMETOCCOM) Integrated Drifting Buoy Plan
support effort implemented to meet CINCPACFLT tropical cyclone warning support requirements.

Of the 30 buoys, 24 were Compact Meteorological and Oceanographic Drifters (CMOD) with temperature
and pressure sensors and six were Wind Speed and Direction (WSD) buoys which measured windspeed and



direction, temperature and pressure. Both type buoys were used in two deployments; one in June and another
in September. The purpose of the two deployments was to overlap the expected three-month life-span of
the CMOD buoys to provide continuous buoy coverage during the peak of the NWP Ocean tropical cyclone
season.

1.2.7 AUTOMATED METEOROLOGICAL OBSERVING STATION
(AMOS)

Through a cooperative effort between COMNAVMETOCCOM, the Department of the Interior, and NOAA /NWS
to increase data availability for tropical analysis and forecasting, a network of AMOS stations has been in-
stalled in Micronesia. Table 1-1 provides a summary of the current AMOS configuration.

NWS Pacific Region (NWSPR) made a decision in mid FY 98 to discontinue deployment and maintenance
of Coastal-Marine Automated Network (C-MAN) equipment procured from the NWS National Data Buoy
Center for AMOS. This decision was based on the fact that the existing equipment was outdated, required
extensive retrofit /refurbishing, and was too hardware and labor intensive to continue support for operations
in remote Pacific island environments.

The NWSPR has had many years of experience with the installation and maintenance of Handar man-
ufactured meteorological and tidal stations, which, although they do not provide the redundancy in sensors
and communications capability, do function extremely well in remote tropical island environments.

Two AMOS sites, Kosrae and Enewetak were converted from C-MAN to Handar equipment in 1998.
NWSPR plans for 1999 are to convert 3 AMOS sites (Pagan, Ngulu and Ulithi) to Handar and install
a new AMOS site at Sorol Atoll, Federated States of Micronesia, if resources permit. Lack of affordable
transportation to these remote locations has been and continues to be the limiting factor in a more speedy
installation effort.

1.3 TELECOMMUNICATIONS

Primary telecommunications support for the Naval Pacific Meteorology and Oceanography Center/Joint
Typhoon Warning Center (NPMOC/JTWC) is provided by the Naval Computer and Telecommunications
Station (NCTS).

1.3.1 AUTOMATED DIGITAL NETWORK (AUTODIN)

AUTODIN is the primary medium for disseminating JTWC products to DOD customers. AUTODIN mes-
sages are also relayed via commercial telecommunications routes for delivery to non-DOD users.

1.3.2 AUTOMATED WEATHER NETWORK (AWN)

The AWN provides DOD and WMO weather data for in-house analysis and is also used to transmit JTWC
products to DOD and U. S. government users. JTWC’s AWN station identifier is PGTW.

1.3.3 AUTOMATED WEATHER DISTRIBUTION SYSTEM (AWDS)

The AWDS consists of two dual-monitor workstations which communicate with a UNIX based communica-
tions/data server via a private Local Area Network (LAN). The server’s data connectivity is provided by two



Table 1-1 Automated Meteorological Observing Station Summary
Station ID  Site Name Site Lo cation Installed  Status

REPUBLIC OF THE MARSHALL ISLANDS

1. 91442 Ebon Atoll 4.60N, 168.70E  07/96 Partially functional

2. 91251 Enewetak Atoll 11.43N, 162.35E  11/89 Handar installed 1998

3. 91374 Maloelap Atoll ~ 8.70N, 171.20E  08/96 Fully functional

4. 91377 Mili Atoll 6.10N, 172.10E  12/90 Partially functional

5. 91365 Ujae Atoll 8.93N, 165.75E  11/89 Not functioning (Destroyed by TY Gay, 1992)

FEDERATED STATES OF MICRONESIA

6. 91411 Ngulu Atoll 8.30N, 137.50E  10/95 Partially functional (Handar planned for 1999)
7. 91343 Oroluk 7.63N, 155.16E  07/91 Partially functional

8. 91352 Pingelap 6.21N, 160.70E  09/91 Partially functional

9. 91355 Kosrae 5.36N, 162.96E  09/90 Handar 1998

10. 91338 Satawan 5.28N, 153.65E  03/93 Not functional

11. 91204 Ulithi 9.90N, 139.70E  11/95 Partially functional (Handar planned for 1999)
12. 91328 Ulul Atoll 8.60N, 149.67E  03/92 Fully functional

COMMONWEALTH OF THE N. MARIANA ISLANDS

13. 91222 Pagan Island 18.13N, 145.77TE  06/90 Not functional (Handar planned for 1999)
14. Sorol Atoll Planned 1999

dedicated long-haul data circuits. The AWDS provides JTWC with additional transmit and receive access
to alphanumeric AWN data at Tinker AFB using a dedicated 9.6 kb/sec circuit. Access to satellite im-
agery and computer graphics from Air Force Weather Agency (AFWA) is provided by another dedicated 9.6
kb/sec circuit. The current configuration of AWDS was upgraded in 1996 to include improved workstation
performance, and integration into NPMOCW’s LAN backbone, this has access to the Defense Information
Systems Network’s (DISN), Non-secure Internet Protocol (IP) Router Network’s (NIPRNET) Wide Area
Network (WAN). The LAN and WAN connectivity allow JTWC to send and receive products among other
AWDS. This system will be installed during 1999 at Pearl Harbor.

1.3.4 DEFENSE SWITCHED NETWORK (DSN)

DSN is a worldwide, general purpose, switched telecommunications network for the DOD. The network
provides a voice and data link by which JTWC communicates TC information with DOD installations and
civilian agencies. JTWC utilizes DSN for all switched voice and data. The telephone numbers for JTWC
are DSN 474-2320 or Commercial (808) 474-2320.

1.3.5 NIPRNET/SIPRNET

The DOD unclassified TCP/IP based NIPRNET network and the classified Secret IP Router Network
(SIPRNET) are routinely utilized to obtain meteorological and operational information that is vital to



JTWC. These networks are further used to disseminate tropical cyclone information. JTWC’s unclassified
NIPRNET web site address is http://www.npmoc.navy.mil./jtwe.html

1.3.6 TELEPHONE FACSIMILE (TELEFAX)

TELEFAX provides the capability to rapidly scan and transmit, or receive, documents over commercial
telephone lines or DSN.

1.4 DATA DISPLAYS

1.4.1 AUTOMATED TROPICAL CYCLONE FORECAST (ATCF)
SYSTEM

The UNIX based ATCF is the paramount system used by the Typhoon Duty Officer (TDO) in the preparation
and dissemination of JTWC’s products. Developed to automate the mundane and labor intensive tasks
associated with tropical cyclone forecasting, ATCF can automatically display meteorological satellite fixes,
working and objective best tracks, forecasts of track, intensity, and wind distribution, information from

computer generated forecast aids, and products from other agencies. It also computes the statistics used
and disseminated by JTWC.

1.4.2 NAVAL SATELLITE DISPLAY SYSTEM ENHANCED (NSDS-
E)

NSDS-E is an implementation of the Terascan 3.0 software package developed by Seaspace. JTWC runs this
package on three Sun workstations. It is used to process high resolution satellite imagery.

1.5 ANALYSES

The JTWC TDO routinely performs manual streamline analyses of composite surface/gradient-level (3000
ft (914 m)) and upper-tropospheric (centered on the 200-mb level) data for 00Z and 12Z daily. Computer
analyses are conducted for other levels. Additional analyses and/or data plotting are conducted during
periods of significant or unusual activity at intermediate synoptic times. Special products such as station-
time plot diagrams, time-height cross-section charts and pressure-change charts are produced during these
periods.

1.6 FORECAST PROCEDURES

This section discusses the Systematic and Integrated Approach to TC Track Forecasting by Carr and Elsberry
(1994), referred to hereafter as the ”Systematic Approach” and then provides JTWC’s basic approach to
track, intensity and wind radii forecasting.



1.6.1 THE SYSTEMATIC APPROACH

JTWC began applying the Systematic Approach (Figure 1-1) in 1994. The basic premise of this approach is
that forecasters can improve upon dynamical track forecasts [guidance] generated by numerical models and
other objective guidance if the forecasters are equipped with:

1) A meteorological knowledge base of conceptual models that organizes a wide array of scenarios into a
relatively few recurring, dynamically-related situations; and

2) a knowledge base of numerical model tropical cyclone forecast traits and objective-aid traits within the
different recurring situations that are organized around the meteorological knowledge base.

PHASES EESOURCES PROCESSES ENOWLEDCE BASE
NUMERIC AL TROPICAL
L MODEL FIELDS NUMERIC AL CYCLONE
NUMERIC AL CUIDANCE
CUIDANCE HAND ANALS |:> <:| METEQROLOGY
ANALYSIS EVALUATION
SAT IMAGERY NUMERIC AL
ANALYSIS MODEL TRAITS
L
OBJECTIVE OBJECTIVE OBJECTIVE OBJECTIVE
TECHNIQUE TECHNIQUE |:> TECHNIQUE <:| TECHNIQUE
ANALYSIS FORECASTS EVALUATION TRAITS
1L NUMERIC AL
OFFICIAL MODEL TRACK OFFICIAL FORECAST
FORECAST TRACK CONSTRUCTION
DEVELOPMENT SELECTED FORECAST & CONFIDENCE
OBJECTIVE FORMULATION ESTIMATION
AID TRACKS

Figure 1-1. Systematic Approach Flowchart

1.6.1.1 General Concepts

Track, intensity, and size components of a TC forecast are dynamically interdependent.

1) TC motion affects intensity and how a TC intensifies can affect its motion.




2) TC size affects propagation relative to environmental steering. A large TC may significantly modify its
environment. Thus, the present size of a TC and any subsequent changes in size can affect motion.

3) TC size may affect intensity indirectly through changes induced on TC motion.

1.6.1.2 Key Motion Concepts

TC motion results from a variety of causes.

1) Environmental Steering - To a first approximation, the TC vortex is advected by the winds of the large-
scale environmental flow (i.e., the TC moves as a ”cork in the stream”).

2) TC Propagation - The motion of TCs usually departs in a minor, but not insignificant way from the
large scale environmental steering vector.

3) TC-Environment Interaction - In certain situations, the circulation of the T'C interacts with the environ-
ment in such a way as to significantly alter the structure of the environment, and thus modifies the
steering vector that is the first-order effect on the motion of the TC.

1.6.1.3 Knowledge Base Framework

1.6.1.3.1 Environment Structure

Structure is classified in terms of a large-scale synoptic PATTERN and two or more synoptic REGIONS
within the pattern that tend to produce characteristic directions and speeds of steering flow for a TC located
therein. Five patterns with ten associated regions are recognized by the Systematic Approach. JTWC notes
that not all TCs fit "neatly” into these patterns/regions at all times and that hybrids and transitions between
patterns occur. These patterns/regions are briefly described below.

1.6.1.3.1.1 Patterns

There are five primary patterns:
1) STANDARD (S) (Figure 1-2)

1) Most frequently occurring pattern in the NWP; and
2) key feature is roughly zonally-oriented Subtropical Ridge (STR) anticyclones.

2) POLEWARD (P) (Figure 1-3)

1) Second highest frequency of occurrence in the NWP;

2) key feature is a ridge (anticyclone) that extends from the STR deep into the tropics and interrupts
the tropical easterlies;

3) usually has SW-to-NE axis orientation; and,

4) usually produces strong poleward steering on its west and poleward side.
3) GYRE (G) (Figure 1-4)

1) Only occurs during June-November period;



2) key feature is a particularly large and deep monsoonal circulation (thus, ”monsoon gyre”); and,

3) usually situated between a zonally-oriented STR anticyclone to the NW and a meridionally-oriented
anticyclone on its eastern periphery.

4) MULTIPLE (M) (Figure 1-5)

1) Key feature is more than one TC with a large break in the STR. in the vicinity of the two TCs;
2) the TCs are oriented approximately east-west (i.e., zonally-oriented TCs);
3) the TCs must be far enough apart to preclude significant mutual advection, but close enough to

preclude the development of ridging between them (typically greater than 10, but less than about
25);

4) the average latitude of the two TCs must be sufficiently close to the latitude of the STR axis (no
more than about 10 equatorward or 5 poleward) so that regions of poleward/equatorward flow
are established, which affect TC motion and intensification; and,

5) there are three subsets of the "M” pattern which describe varying degrees of interaction between
the two cyclones.

5) HIGH AMPLITUDE (HA) (Figure 1-6) A newly identified pattern for the Southern Hemisphere. The
key feature is a mid-latitude trough which penetrates very deeply into the tropics, almost to the
equator. A combination of this trough and the subtropical ridge circulation to its east can produce long,
southeastward oriented tracks. The ridge circulation to the west completes the pattern, by defining
”Ridge Equatorward” and ”Ridge Poleward” regions. A small area of ”Equatorward Westerlies” is
also defined.

1.6.1.3.1.2 Regions

There are ten primary regions associated with the four patterns:

EQUATORIAL WESTERLIES (EW) - The area of equatorial westerlies equatorward of the monsoon
trough axis.

DOMINANT RIDGE (DR) - The area of tropical easterlies equatorward of the STR, axis, except near any
break in the STR.

WEAKENED RIDGE (WR) - The area of weaker southeasterly winds in the vicinity of a break in the
STR.

MIDLATITUDE WESTERLIES (MW) - The area of eastward and poleward steering extending east from
a break in the STR.

POLEWARD-ORIENTED (PO) - The area of poleward steering west of the ridge feature in the "P” and
”G” Patterns

POLEWARD FLOW (PF) - Created in the vicinity of the eastern TC of a ”M” Pattern as a result of the
gradient between the western TC and the STR circulation to the east.

RIDGE POLEWARD (RP) - The poleward flow region of the HA pattern, where steering is provided by
the western side of the anti-cyclone.

RIDGE EQUATORWARD (RE) - The equatorward flow region of the HA pattern, where steering is
provided by the eastern side of the anti-cyclone.



TROUGH POLEWARD (TP) - The very long poleward flow region of the HA pattern, where steering is
provided by the deeply penetrating mid-latitude trough.

EQUATORWARD FLOW (EF) - Created in the region of the western TC of a ”M” Pattern as a result of
the gradient between the eastern TC and the STR circulation to the west.

1.6.1.3.1.3 Nomenclature

JTWC makes routine use of the aforementioned Patterns and Regions of the Systematic Approach. In order
to quickly transcribe this information, a short-hand contraction standard has developed. By utilizing the
one-letter contraction of a pattern and the two-letter contraction of an associated region (e.g., S/DR), an
effective method of quickly and accurately describing Systematic Approach concepts in writing exists.

1.6.1.3.2 TC Structure

TC structure consists of an INTENSITY that is based on the maximum wind speed near the center of the
TC, and a SIZE that is based on some measure of the extent of the cyclonic wind component in the lower
atmosphere. TC intensity is related to steering level and TC size is related to propagation and environment
modification.

1.6.1.3.3 Transitional Mechanisms

These mechanisms act to change the structure of the environment (pattern/region) and fall into two cate-
gories:

1) TC-Environment Transformations. The TC and the environment may interact, resulting in a change in
environmental structure (pattern/region) and thus the direction/speed of the associated steering flow.
In addition, TC-environment transformations may result in a change to TC structure. Listed below
are recognized TC-environment transformations:

Beta Effect Propagation

Vertical Wind Shear
- Ridge Modification by TC
- Monsoon Gyre-TC Interaction

- TC Interaction (Direct (DTT), Semi-direct (STI), and Indirect (ITI)) (Figure 1-7)

2) Environmental Effects. These also result in changes to the structure of the environment (pattern/region)
surrounding the TC, but do not depend on, are or largely independent of, the presence of the TC.
Recognized environmental effects are listed below:

- Advection by Environment
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Figure 1-6 High Amplitude Pattern
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Dissipation

Dissipation

A DTI

i. One-way influence ii. Mutual interaction

iii. Merger

Figure 1-7a. Tropical Cyclone Interaction: (a) Direct TC Interaction
(DTT) is composed of three types - (i) one way influence, (ii) mutual
interaction, and (iii) merger.
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Figure 1-7b. Tropical Cyclone Interaction: Semi-Direct TC Interac-
tion (STT).
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Figure 1-7c. Indirect TC Interaction (ITIT).
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- Monsoon Gyre Formation

- Monsoon Gyre Dissipation

Subtropical Ridge Modulation (by midlatitude troughs)

TC movement, intensification, and size evolution are closely linked, therefore, an ”ideal TC forecast
approach” may be defined as a fully integrated solution for the time evolution of the 3-dimensional three
partial representations of the total TC circulation. TC track, intensity and size forecasts are then to be
considered three partial representations of the total forecast solution.

1.6.2 BASIC APPROACH TO FORECASTING
1.6.2.1 Initial Positioning

The warning position is the best estimate of the center of the surface circulation at synoptic time. It is
estimated from an analysis of all fix information received around that synoptic time. The analysis is aided
by a computer-generated objective best-track scheme that weights fix information based on its statistical
accuracy. The TDO includes synoptic observations and other information to adjust the position, testing
consistency with the past direction, speed of movement and the influence of the different scales of motions.
If the fix data are not available due to reconnaissance-platform malfunction or communication problems, or
are considered unrepresentative, synoptic data and/or extrapolation from previous fixes are used.

1.6.2.2 Track Forecasting

In preparing the JTWC official forecast, the TDO evaluates a wide variety of information and employs
Systematic Approach methodology. JTWC uses a standardized, three-phase T'C motion-forecasting process
to improve forecast accuracy and forecast-to-forecast consistency. Figure 1-1 depicts the three phases and
inputs to the Systematic Approach outlined below.

1.6.2.2.1 Numerical Guidance Analysis Phase

NOGAPS analyses and prognoses at various levels are evaluated for position, development, and relevant
synoptic features such as:

1) STR circulations;

2) midlatitude short/long-wave troughs and associated weaknesses in the STR;
3) monsoon surges;

4) cyclonic cells in the Tropical Upper-Tropospheric Trough (TUTT);

5) other TCs;

6) the distribution of sea-surface temperature.

The TDO determines into which pattern/region the TC falls, and what environmental influences and transi-
tional mechanisms are indicated in the model fields. The process outlined above permits the TDO to develop
an initial impression of the environmental steering influences to which the TC is, and will be, subjected to
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as depicted by NOGAPS. The NOGAPS analyses are then compared to the manually-plotted and analyzed
charts prepared by JTWC and to the latest satellite imagery, in order to determine how well the NOGAPS-
initialization process has conformed to the available synoptic data, and how well the resultant analysis fields
agree with the synoptic situation inferred from the imagery. Finally, the TDO compares both the computer
and manually-analyzed charts to monthly climatology in order to make a preliminary determination of to
what degree the TC is, and will continue to be, subject to a climatological or non-climatological synoptic
environment. Noting latitudinal and longitudinal displacements of STR and long-wave mid-latitude features
is of particular importance, and will partially determine the relative weights given to climatologically or
dynamically-based objective forecast guidance.

1.6.2.2.2 Objective Techniques Analysis Phase

By applying the systematic guidance with the NOGAPS model prognoses and real world conditions, per-
formance characteristics for many of the objective techniques within the synoptic patterns/regions outlined
in Section 1.6.1.3.1.1 have been determined. Estimating the likely biases of each of the objective-technique
forecasts of TC track, intensity, and size given the current meteorological situation, the TDO eliminates those
which are most likely inappropriate. The TDO also determines the degree to which the current situation is
considered to be, and will continue to be, climatological by comparing the forecasts of the climatology-based
objective techniques, dynamically-based techniques, and past motion of the present storm. Additionally, the
spread of the set of objective forecasts, when plotted, is used to provide a measure of the predictability of
subsequent motion, and the advisability of including a moderate-probability alternate forecast scenario in
the prognostic reasoning message or warning (outside the western North Pacific). The directional spread of
the plotted objective techniques is typically small well-before or well-after recurvature (providing high fore-
cast confidence), and is typically large near the decision point of recurvature or non-recurvature, or during
a quasi-stationary or erratic-movement phase. A large spread increases the likelihood of alternate forecast
scenarios.

1.6.2.2.3 Forecast Development Phase

The TDO then constructs the JTWC official forecast giving due consideration to:
1) Interpretation of the TC-environment scenario depicted by numerical model guidance;

2) known properties of individual objective techniques given the present synoptic situation or geographic
location;

3) the extent to which the synoptic situation is, and is expected to remain, climatological; and,
4) past statistical performance of the various objective techniques on the current storm.

The following guidance for weighting the objective techniques is applied:

1) Weight persistence strongly in the first 12 to 24 hours of the forecast period;

2) use conceptual models of recurring, dynamically-related meteorological patterns with the traits of the
numerical and objective-aid guidance associated with the specific synoptic situation; and

3) give significant weight to the last JTWC forecast at all forecast times, unless there is significant evidence
to warrant departure (also consider the latest forecasts from regional warning centers, as applicable).
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1.6.3 INTENSITY FORECASTING

The empirically derived Dvorak (1984) technique is used as a first estimate for the intensity forecast. The
TDO then adjusts the forecast after evaluating climatology and the synoptic situation. An interactive
conditional-climatology scheme allows the TDO to define a situation similar to the system being forecast
in terms of location, time of year, current intensity, and intensity trend. Synoptic influences such as the
location of major troughs and ridges, and the position and intensity of the TUTT all play a large part
in intensifying or weakening a TC. JTWC incorporates a checklist into the intensity-forecast procedure.
Such criteria as upper-level outflow patterns, neutral points, sea-surface temperatures, enhanced monsoonal
or cross-equatorial flow, and vertical wind shear are evaluated for their tendency to enhance or inhibit
normal development, and are incorporated into the intensity-forecast process. In addition to climatology
and synoptic influences, the first estimate is modified for interactions with land, with other tropical cyclones,
and with extratropical features. Climatological and statistical methods are also used to assess the potential
for rapid intensification.

1.6.4 WIND-RADII FORECASTING

The determination of wind-radii forecasts is a three-step process:

1) Low-level satellite drift winds, scatterometer and microwave imager 35-kt (18 m/s) wind speed analysis
(see Chapter 2), and synoptic data are used to derive the current wind distribution.

2) The first estimate of the radii is then determined from statistically-derived empirical wind-radii models.
The JTWC currently uses three models: the Tsui model, the Huntley model, and the Martin-Holland
model. The latter model uses satellite-derived parameters to determine the size and shape of the
wind profile associated with a particular tropical cyclone. The Martin-Holland model also incorporates
latitude and speed of motion to produce an asymmetrical wind distribution. These models provide
wind-distribution analyses and forecasts that are primarily influenced by the intensity forecasts. The
analyses are then adjusted based on the actual analysis from step 1, and the forecasts are adjusted
appropriately.

3) Synoptic considerations, such as the interaction of the cyclone with mid-latitude high pressure cells, are
used to fine-tune the forecast wind radii.

1.6.5 EXTRATROPICAL TRANSITION

When a tropical cyclone moves into the mid-latitudes, it often enters an environment that is detrimental
to the maintenance of the tropical cyclone’s structure and energy-producing mechanisms. The effects of
cooler sea-surface temperatures, cooler and dryer environmental air, and strong vertical wind shear all act
to convert the tropical cyclone into an extratropical cyclone. JTWC indicates this conversion process is
occurring by stating the tropical cyclone is ”becoming extratropical.” JTWC will indicate the conversion
is expected to be complete by stating the system has "become extratropical.” When a tropical cyclone is
forecast to become extratropical, JTWC coordinates the transfer of warning responsibility to the appropriate
agency.

1.6.6 TRANSFER OF WARNING RESPONSIBILITY

JTWC coordinates the transfer of the Department of Defense (DOD) warning responsibility for tropical
cyclones entering or exiting its AOR. For tropical cyclones crossing 180E longitude in the North and South
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Pacific Oceans, JTWC coordinates with NAVPACMETOCCEN, Pearl Harbor, Hawaii.

1.6.7 ALTERNATE JOINT TYPHOON WARNING CENTER
(AJTWC)

In the event that JTWC should become incapacitated, the Alternate Joint Typhoon Warning Center assumes
JTWC’s functions. AJTWC is located at Yokosuka, Japan. Assistance in determining satellite reconnais-
sance requirements, and in obtaining the resultant data, is provided by the Air Force Weather Agency
(AFWA).
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Chapter 2

Reconnaissance And Fixes

2.1 GENERAL

JTWC utilizes numerous reconnaissance platforms and observational data sets to locate and analyze tropical
cyclones. Satellite and radar have been the primary platforms for ”fixing” (location and intensity) tropical
cyclones. Conventional land and ship weather observations complement the primary data set and, although
sparse in areal coverage, remain the ”ground truth” for remotely- sensed data.

2.2 RECONNAISSANCE AVAILABILITY
2.2.1 SATELLITE

Near real-time analysis of visible, infrared and microwave satellite imagery by Air Force and Navy units
provides JTWC with tropical cyclone positions and intensity estimates.

2.2.2 RADAR

This data provides location and speed of movement data for tropical cyclones in the proximity (usually
within 175 nm (325 km) of radar sites located in Kwajalein, Guam, Japan, South Korea, China, Taiwan,
Philippines, Hong Kong, Thailand and Australia. Doppler radars also provide data on cyclone intensity and
structure through radial wind measurements in the vertical and horizontal planes.

2.2.3 SYNOPTIC

Analysis of conventional surface and gradient-level synoptic data provides JTWC with additional information
on tropical cyclone position and intensity. This data is an important supplement to remotely-sensed platform
fixes and are critical to the forecast process in situations where satellite, and radar fixes are not available or
are considered unrepresentative.

2.3 SATELLITE RECONNAISSANCE SUMMARY

Per USCINCPACINST 3140.1W, the Commander, Pacific Air Forces (PACAF) is responsible for providing
U.S. Pacific Command (USPACOM) tropical cyclone reconnaissance support. Through PACAFINST 15-102,
Detachment 1, PACAF Air Operations Squadron (Det 1, PACAF AOS) acts as the Pacific Tropical Cyclone
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Satellite Reconnaissance Network controller, tasking and monitoring all satellite reconnaissance efforts. Det
1, PACAF AOS Satellite Operations (SATOPS) is collocated with JTWC at Pearl Harbor, Hawaii. The
network sites are listed in Table 2-1.

TABLE 2-1 USPACOM SATELLITE RECONNAISSANCE NETWORK SITES
UNIT ICAO

15 OSS/OSW Hickam AFB, Hawaii PHIK

18 OSS/OSW Kadena AB, Japan RODN

36 OSS/OSW Andersen AFB, Guam PGUA
Detachment 1, PACAF AOS  Pearl Harbor, HI PGTW
607TWS Yongsan AIN, Republic of Korea RKSZ
AFWA/XOGM Offutt AFB, NE KGWC
NAVCENTMETOCDET Diego Garcia FIDG

Direct readout network sites provide coverage of the North West Pacific, South China Sea, and south
central Indian Ocean using DMSP and NOAA TIROS polar orbiting satellites. PACAFINST 15-102 requires
each direct readout site to perform a minimum of two fixes per tropical cyclone per day if a tropical cyclone is
within a site’s coverage. Network direct readout site coverage is augmented by other sources of satellite-based
reconnaissance. AFWA provides AOR-wide coverage to JTWC using recorded Real-time Data Smooth (RDS)
DMSP and Global Area Coverage (GAC) NOAA AVHRR imagery. This imagery is recorded and stored on
the satellites for later relay to a command readout site, which in turn passes the data to AFWA. Civilian
contract weather support for the Army at Kwajalein Atoll provides additional satellite-based tropical cyclone
reconnaissance in the Marshall Islands and east of the International Dateline as the opportunity arises. The
NOAA/NESDIS Satellite Applications Branch at Camp Springs, Maryland (ICAO identifier KWBC) also
provides six-hourly tropical cyclone position and intensity estimates in the JTWC AOR using METEOSAT
and GMS geostationary platforms.

Network direct readout sites provide tropical cyclone positions and intensity estimates once JTWC issues
either a TCFA or a warning. An example of the Dvorak code is shown in Figure 2-1. Each satellite-derived
tropical cyclone position is assigned a Position Code Number (PCN) (Arnold and Olsen, 1974), which is
a statistical estimate of fix position accuracy. The PCN is determined by: 1) the availability of visible
landmarks in the image that can be used as references for precise gridding, and 2) the degree of organization
of the tropical cyclone’s cloud system (Table 2-2).

Once a tropical cyclone reaches an intensity of 55 kt, AFWA and Det 1, PACAF AOS SATOPS analyze
the 35-kt wind distribution surrounding the tropical cyclone based on microwave satellite imagery. SATOPS
provides three-hourly positions and six-hourly intensity estimates for all tropical cyclones in TCFA or warning
status. Current intensity estimates are made using the Dvorak technique for both visible and enhanced
infrared imagery. The standard relationship between tropical cyclone ”T-number”, maximum sustained
surface wind speed, and minimum sea-level pressure (Atkinson and Holliday, 1977) for the Pacific is shown
in Table 2-3. Subtropical cyclone intensity estimates are made using the Hebert and Poteat (1975) technique.
Intensity estimates of tropical cyclones undergoing extratropical transition are made using the Miller and
Lander (1997) technique.

Det 1, PACAF AOS SATOPS at Pearl Harbor uses hourly full-disk GMS imagery to observe 70% of
JTWC’s AOR from 80E to 180W (Figure 2-2). Animated geostationary imagery is a valuable tool for deter-
mining the location, intensity and motion of tropical cyclones. Additionally, animated water vapor channel
imagery is useful for observing synoptic features that affect tropical cyclone development and movement.

The primary satellite reconnaissance system used during the 1998 tropical cyclone season was the Air
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TABLE 2-2 POSITION CODE NUMBER (PCN)

PCN

S Tt W N =

CENTER DETERMINATION/GRIDDING METHOD
EYE/GEOGRAPHY

EYE/EPHEMERIS

WELL DEFINED CIRCULATION CENTER/GEOGRAPHY
WELL DEFINED CIRCULATION CENTER/EPHEMERIS
POORLY DEFINED CIRCULATION CENTER/GEOGRAPHY
POORLY DEFINED CIRCULATION CENTER/EPHEMERIS

TABLE 2-3 ESTIMATED MAXIMUM SUSTAINED WIND SPEED (KT) AS A FUNCTION OF
DVORAK CURRENT AND FORECAST INTENSITY NUMBER AND MINIMUM SEA-LEVEL
PRESSURE (MSLP)

T-NUMBER

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5
7.0

ESTIMATED WIND SPEED-KT(M/SEC) MSLP(MB)(PACIFIC)

1t 25 1t (13) —

25
25
25
30
35
45
55
65
7
90
102
115
127
140

50) —
50) —
) _
) 1000
70) 997
) 991
0 984
976
966
954
941
927
914
898
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Force Mark IVB. SATOPS on an interim basis, also used the SMQ-11E, Navy Satellite Display System -
Enhanced (NSDS-E) to access polar and geostationary data starting in December 1998.

The Air Force Mark IVB satellite system is undergoing a program-wide $6 million Pre-planned Product
Improvement to increase its processing speed and networking capability. A client workstation is scheduled
to be installed at JTWC in late 1999 and become the primary satellite reconnaissance display and analysis
system. The Mark IVB will then display NOAA Advanced Very High Resolution Radiometer (AVHRR),
DMSP Operational Linescan System (OLS), Special Sensor Microwave/Imager (SSM/I), Microwave/Sounder
(SSM/T1 and SSM/T2), and also geostationary visible, infrared and water vapor channel imagery.

NOAA TIROS AVHRR imagery provides five channels of imagery: visible, near and middle IR, and two
in the far IR channels. DMSP OLS provides imagery in two channels: visible/near IR (commonly referred
as broadband visible), and far IR.

2.3.1 SATELLITE PLATFORM SUMMARY

Imagery was received from various sensors on three DMSP (F12, F13 and F14) and three NOAA (N12, N14
and N15) satellites during 1998.

2.3.2 STATISTICAL SUMMARY

As directed by Base Realignment and Closure (1995), the satellite operations section relocated from Guam
to Hawaii with JTWC in October through December of 1998 and officially became operational on 1 Jan 1999.
During 1998, the PACOM Tropical Cyclone Satellite Reconnaissance Network and other agencies provided
JTWC with 6,032 fixes: 2,420 NWP, 511 North Indian Ocean, and 3,101 Southern Hemisphere. SATOPS
provided 3,221, accounting for nearly 53% of all fixes.
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Figure 2-1. Dvorak code for estimating current and forecast intensity from satellite data. In the
example, the current T-number is 3.5, but the current intensity is 4.5. The cloud system has
weakened by 1.5 ” T-numbers” since the evaluation conducted 24 hours earlier.
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2.3.3 APPLICATIONS OF NEW TECHNIQUES AND TECH-
NOLOGY

SATOPS began use of microwave imagery from the Tropical Rainfall Measurement Mission research (TRMM)
satellite. This low-earth orbit satellite has a nine-channel passive microwave radiometer similar to the DMSP
SSM/T but at half the altitude. While its usable swath width is roughly half as wide as DMSP SSM/I,
TRMM’s resolution is much better. Additionally, its equatorial orbit (35 degree inclination angle) provides
better coverage of JTWC’s tropical area of responsibility. The acquisition of DMSP F14 data in the early
summer helped increase the area covered by microwave imagery. Additionally, to give the TDO a better
statistical value for each satellite derived fix, SATOPS continued to use animated geostationary imagery
and multispectral display capability to apply Position Code Numbers (PCN) (Table 2-4) and fix codes to
a particular tropical cyclone pattern based on sensor type. The XT technique (Miller and Lander, 1997)
continued to be used operationally to better estimate tropical cyclones undergoing extratropical transition.

Table 2-4 POSITION CODE NUMBER (PCN) CRITERIA AND FIX CODES FOR TC LOW-LEVEL CCs
FROM SATELLITE (Note 1)

PCN PCN Definitions Sensor /technique type and fix code

Grid by Grid by IR Vis Both SSM/I Vis/IR Anmtn
Geogra- Ephemeris only &SSM/T (note
phy (note  (note 2) (note  (note  4)

2) 3) 3)

1 2 Eye

(EYE) (EYE) CDO type eye, geometric 1 2 3 4 S A

center (regular, round, any
diameter) (note 6)

(EYE) (EYE) Small eye (irregular/ragged, 5 6 7 8 S A
diameter 30 nm on long axis)
(note 6)

3 4 Well defined CC

(EYE) (EYE) Eye(ragged/irregular, diame- 9 10 11 12 S A

ter &30nm center &1/2 en-
closed by wall cloud (note 6)
(EYE) (EYE) Tightly curved band/banding 13 14 15 16 S A
type eye (band curves at least
1/2 distance around center,
diameter 90 nm)
(LLCC) (LLCC) Exposed low-level CC 17 18 19 20 S A

(CDO) (CDO) Small CDO (round with 21 22 23 S A
well defined edges, positioned
near geometric center, diam-
eter 80 nm)

(EMB) (EMB) Small embedded center (di- 24 25 26 S A
ameter 80 nm)
(CDO) (CDO) Large CDO (with clear indi- 27 28 29 S A

cations of shearing, low-level
cloud lines, or overshooting
tops that bias low-level cen-
ter position away from the ge-
ometric center, diameter 80
nm )
(CDO) (CDO) Any CDO or Embedded Cen- 30 31 32 33 S

ter with low-level CC clearly

visible on co-registered
SSM/I (note 7)
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Table 2-4 POSITION CODE NUMBER (PCN) CRITERIA AND FIX CODES FOR TC LOW-LEVEL CCs
FROM SATELLITE (Note 1)

5 6 Poorly Defined
Large eye (ragged/irregular, 34 35 36 37 S A

30 nm diameter on long axis,

1/2 enclosed by wall cloud)

Spiral banding systems (con- 38 39 40 41 S A
vective curvature) not clas-

sifiable as banding eye or

tightly curved band

Large CDO 43 44 45 S A
Embedded center positioned 46 A
with IR

Partially exposed low-level 47 48 49 50 S A

centers with the CC less than
half exposed

Cloud minimum wedge/cold 51 52 53 54 S A
comma

Central cold cover 55 56 57 58 S A
Cirrus outflow - upper level 59 60 61 62 S A

outflow provides the only cir-
culation parameters

Poorly organized low-level
center evident only in high
resolution animation (Vis/IR
or both)

All others
Monsoon depressions or mul-  Any combination
tiple cloud clusters, posi- of Vis, IR/EIR

tioned using any of the fol-
lowing methods:

Cirle method 68
Conservative feature 69 A
Animation 70
Extrapolation 71

Note 1: Use the following steps to determine the PCN and Fix Code: a. Based on the analysis of the
circulation parameters, determine a TC low-level CC position. b. Go to Table 2-2, then to the definitions
column. Choose a PCN based on the cloud pattern, discrete measurements, as necessary, and/or technique
used to determine the position. c. Move across to the Fix Code columns, and based on the sensor(s) used,
select a fix code.

Note 2: Odd PCNs (1, 3, 5) are gridded with geography, the low-level CC being within 10 degrees (600 nm)
of the geographic feature used for gridding. Even PCNs (2, 4, 6) are gridded with ephemeris, or the low-level
CC is not within 10 degrees (600 nm) of the geographic feature used for gridding.

Note 3: SSM/I only fixes - Use PCN of 5 or 6, and fix code based on Note 1, para a c.

Note 4: Append S to the numerical fix code entry to indicate Special Sensor Microwave Imager (SSM/I)
and visible and/or infrared data was used in determining the low-level CC (i.e. 18S). Defense Meteorological
Satellite Program (DMSP) fixes only. For the purposes of this fix code, SSM/I (S) and Animation (A) are
mutually exclusive.

Note 5: Append A to the numerical fix code entry to indicate animation was used in determining the low-level
CC (i.e. 11A). Geostationary fixes only. For the purposes of this fix code, SSM/I (S) and Animation (A) are
mutually exclusive.

Note 6: For fix code entries 1-9, encode 01-09.

Note 7: In order to use SSM/I data to position low-level CCs, you must be able to correct the naviga-
tion/gridding and interrogate the SSM/I imagery directly for latitude/longitude (DMSP fixes only).
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2.3.4 FUTURE OF SATELLITE RECONNAISSANCE

Research is being conducted to develop a method of integrating passive microwave radiometer imagery into
the Dvorak position and intensity estimate technique. This technique currently relies exclusively on visible
and enhanced infrared. Using microwave imagery — which can see through obscuring layers of cirrostratus
cloud decks — will provide early warning of significant changes in tropical cyclone convective structure. Ad-
ditionally, SATOPS anticipates far more frequent and usable scatterometer data from the NASA QuikSCAT
satellite, which is scheduled for launch in mid-1999. This satellite, whose active microwave sensor measures
backscatter from the ocean surface to determine both the direction and speed of surface winds, will have
a swath width of approximately 1,800 kilometers, over twice that of the European ERS-2 scatterometer.
Increased swath width will result in more frequent useable passes as well as the capability to routinely
determine 35-knot wind distribution around strong tropical cyclones.

2.4 RADAR RECONNAISSANCE SUMMARY

Of the 27 NWP significant tropical cyclones, 6 passed within range of land-based radar with sufficient
precipitation and organization to be fixed. A total of 88 land-based radar fixes were logged at JTWC. As
defined by the World Meteorological Organization (WMO), the accuracy of these fixes falls within three
categories: good [within 10 km (5 nm)], fair [within 10 - 30 km (5 - 16 nm)], and poor [within 30 - 50 km
(16 - 27 nm)]. Of the 88 radar fixes encoded in this manner, 15 were good, 45 were fair, and 28 were poor.
The radar network provided timely and accurate fixes which allowed JTWC to better track and forecast
tropical cyclone movement. In the Southern Hemisphere, 20 radar reports were logged for tropical cyclones.
No radar fixes were received for the North Indian Ocean.

2.5 TROPICAL CYCLONE FIX DATA

Table 2-5a shows the number of fixes per platform for each individual tropical cyclone for the NWP. Totals
and percentages are also shown. Similar information is provided for the North Indian Ocean in Table 2-5b,
and for the South Pacific and South Indian Ocean in Table 2-5c.
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TABLE 2-5a WESTERN NORTH PACIFIC OCEAN FIX SUMMARY FOR 1998

TROPICAL CYCLONE SATELLITE SCATTEROMETER RADAR(P/F/G) SYNOPTIC TOTAL
01W 72 1 0 0 73
02W NICHOLE 93 1 15/0/0 0 109
03W 31 0 0 0 31
04W OTTO 85 1 0 2 88
05W PENNY 122 1 0 2 125
06W REX 359 3 0 0 362
0TW 35 0 0 0 35
08W STELLA 94 2 0 8 104
09W 19 0 0 0 19
10W TODD 102 1 0 4 107
11W VICKI 143 1 3/6/1 13 167
12W 27 0 0 0 27
13W WALDO 38 0 0 7 45
14W YANNI 98 2 5/4/5 11 125
15W 51 1 0 3 55
16W 51 0 0 3 54
17W 15 0 0 2 17
18W ZEB 205 2 4/2/4 33 248
19W ALEX 27 0 1/6/5 1 39
20W BABS 334 4 0/27/0 14 379
21W CHIP 61 0 0 1 62
22W DAWN 53 0 0 0 53
23W ELVIS 43 1 0 1 45
24W FAITH 134 1 0 1 136
25W GIL 68 1 0 2 71
26W 32 0 0 1 33
2TW 43 0 0 0 43
TOTALS 2435 23 88 99 2652
PERCENTAGE OF TOTAL 92 1 3 4 100
TABLE 2-5b NORTH INDIAN OCEAN FIX SUMMARY FOR 1998

TROPICAL CYCLONE SATELLITE SCATTEROMETER RADAR SYNOPTIC TOTAL

01B 110 1 0 0 111

02A 9 2 0 0 11

03A 109 3 0 1 113

04A 10 0 0 0 10

05A 24 0 0 1 25

06B 49 0 0 0 49

07B 119 0 0 1 120

08A 84 1 0 0 85

TOTALS 514 7 0 3 524

PERCENTAGE OF TOTAL 98 1 0 1 100
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TABLE 2-5¢ SOUTH PACIFIC AND SOUTH INDIAN OCEAN FIX SUMMARY FOR 1998

TROPICAL CYCLONE
018

02P LUSI

03P

04P MARTIN
05P

06P OSEA

07P PAM

08S

09S SELWYN
10P RON

11P SUSAN
12P KATRINA
13P

14P LES

15S TIFFANY
16P TUI

17P URSULA
18P VELI

19P WES

20S ANACELLE
218

22P VICTOR
23P

24S

25P MAY

26S DONALINE
27S ELSIE

28S FIONA

29P YALI

30P NATHAN
31P ZUMAN
328

338

348

358

36P ALAN

37P BART
TOTALS
PERCENTAGE OF TOTAL

SATELLITE
79
96
38
42
76
56
73
54
125
120
121
492
50
152
151
21
13
31
49
114
43
187
58
32
48
57
227
76
176
180
180
167
13
79
46
46
20
3588
97

SCATTEROMETER
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TOTAL
81
101
42
42
83
56
73
59
128
120
124
520
52
155
163
21
13
31
50
116
44
191
60
33
48
58
229
78
179
184
183
170
13
79
48
46
20
3693
100



Chapter 3

Summary Of North West Pacific And Northern Indian Ocean Tropical Cyclones

3.1 NORTH WEST PACIFIC OCEAN TROPICAL CYCLONES

The 1998 tropical cyclone season was notable for the shift of the cyclone genesis region west, the lack of
tropical cyclone activity and the late tropical cyclone season start'. These events as compared to the 1997
tropical cyclone season represented a pendulum swing to the opposite. The 1997 season was noted for tropical
cyclone genesis near or east of the dateline, a slight increase in the number of tropical cyclones and an early
start of tropical cyclone activity.

1998 tropical cyclone genesis occurred mainly in the Philippine and South China Seas (Figure 3-1). As
compared to the 15-year average, tropical cyclone formation east of the Mariana Islands was 70% less while
the Philippine Sea region experienced nearly average formation. Of special note was the South China Sea,
where a comparison of the 1998 formation numbers to the 15-year average indicates that double the amount
of tropical cyclones formed in that region during 1998.

The 1998 calendar year total of 27 tropical cyclones (Table 3-1), which included 9 Tropical Depressions,
9 Tropical Storms and 9 Typhoons, was 4 below the long-term annual average. The 1998 tropical cyclone
activity also represented the lowest annual number of tropical cyclones to occur in 10 years.

The ”start” of the 1998 tropical cyclone season, as signaled by the first JTWC warning issued, commenced
on 7 July 1998. This was the latest ”start” of the North West Pacific Ocean tropical cyclone season ever
recorded by the JTWC. Although the 1998 tropical cyclone number was relatively low, the forecast challenge
presented by these cyclones was high. Of note was the forecast challenge of TY Rex (06W), whose movement
and intensity were affected by a Mid-tropospheric Subtropical Ridge and a Tropical Upper Tropospheric
Trough (TUTT).

3.2 NORTH INDIAN OCEAN TROPICAL CYCLONES

In 1998 eight significant tropical cyclones (Table 3-5 and Figure 3-5a and 3-5b) occurred in this region
causing widespread flooding and numerous fatalities especially in Bangladesh and the Gujarat, Kutch and
Saurashtra regions of India.

There was an even split between the Bay of Bengal and Arabian Sea for tropical cyclone development
with the most intense tropical cyclone (TC 03A with maximum winds of 105 kt) occurring in the Arabian
Sea.

TC 03A was unusual because of its record maximum and its June occurance. This cyclone developed
outside the climatologically favored Spring and Fall tropical cyclone formation period expected for North
Indian Ocean (Table 3-6).

1Unless otherwise stated, the data set used for comparison is JTWC tropical cyclone data for the period from 1959 to 1998.
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Figure 3-1. Comparison of the number of tropical cyclones that developed within 3 designated
areas for 1997, 1998 and the 15-year average.
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Figure 3-2. Tropical Cyclones of Tropical Storm or greater intensity in the Western North Pacific
(1960-1998)
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TABLE 3-1 WESTERN NORTH PACIFIC SIGNIFICANT TROPICAL CYCLONES FOR 1998

TROPICAL CYCLONE

01W TD

02W TS NICHOLE
03W TS NO NAME*
04W TY OTTO**
05W TS PENNY
06W TY REX

07W TD

08W TY STELLA
09W TD

10W STY TODD***
11W TY VICKI
12W TD

13W TS WALDO
14W TY YANNI
15W TD

16W TD

17W TD

PERIOD
WARNING

OF

07 JUL-11 JUL
08 JUL- 12 JUL
25 JUL- 26 JUL
02 AUG - 05 AUG
06 AUG - 11 AUG
24 AUG - 07 SEP
02 SEP - 04 SEP
12 SEP - 16 SEP
13 SEP

16 SEP - 20 SEP
17 SEP - 23 SEP
18 SEP - 19 SEP
20 SEP - 21 SEP
25 SEP - 01 OCT
03 OCT - 05 OCT
05 OCT - 07 OCT
06 OCT - 07 OCT

NUMBER
WARNINGS
ISSUED

15
16
6

13
18
57
9

18
3

17
25

26
11
11

OF

ESTIMATED
MAXIMUM
INTENSITY
KT (M/SEC)
30 (15)

50 (26)

45 (23)

100 (52)

60 (30)

115 (58)

30 (15)

65 (33)

25 (12)

130 (67)

ESTIMATED
MSLP (MB)

1000
987
991
944
980
927
1000
976
1002
910
954
1000
991
963
1000
1000
1000
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TABLE 3-1 WESTERN NORTH PACIFIC SIGNIFICANT TROPICAL CYCLONES FOR 1998

18W STY ZEB 09 OCT - 18 OCT 34 155 (80)
19W TS ALEX 11 0CT-13 OCT 8 45 (23)
20W STY BABS 14 OCT - 27 OCT 55 135 (69)
21W TS CHIP 12 NOV - 15 NOV 13 50 (26)
22W TS DAWN 18 NOV - 20 NOV 8 45 (23)
23W TS ELVIS 24 NOV - 26 NOV 10 45 (23)
24W TY FAITH 08 DEC - 14 DEC 26 90 (46)
25W TS GIL 09 DEC - 13 DEC 15 35 (18)
26W TD 17 DEC - 19 DEC 7 25 (12)
27W TD 19 DEC - 22 DEC 12 30 (15)

Total Warnings Issued: 454

*TS 03W was designated a tropical storm during post analysis. Hence, no name was assigned during the

lifecycle of the system.
**TY Otto was upgraded to typhoon intensity during post analysis.
***STY Otto was upgraded to super typhoon intensity during post analysis.

878
991
904
987
991
991
954
997
1002
1000

3
210
4
400
7
322
5
311
6
510
7
331
3
201
4
112
4
211
6
510

410

321

310

410

2
200
1
100
2
101
4
301
0
000
6
420
2
110
5
122
4
400
4
400
2
110
4
130

110

200

2
200
1
100
1
100
2
020
3
210
2
101
1
010
2
101
1
010
0
000
1
010
0
000
0
000
3
210

31
1777
30
1983
42
20 11 11
39
2469
28
1963
44
26 13 5
40
21136
38
20 10 8
41
20156
31
2074
23
136 4
27
1212 3
37
24112
32
2282
23

TABLE 3-2 DISTRIBUTION OF WESTERN NORTH PACIFIC TROPICAL CYCLONES FOR 1959 - 1998
YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTALS
1959 0 1 1 1 0 1 3 8 9
000 010 010 100 000 001 111 512 423
1960 1 0 1 1 1 3 3 9 5
001 000 001 100 010 210 210 810 41
1961 1 1 1 1 4 6 5 7 6
010 010 100 010 211 114 320 313 510
1962 0 1 0 1 3 0 8 8 7
000 010 000 100 201 000 512 701 313
1963 0 0 1 1 0 4 5 4 4
000 000 001 100 000 310 311 301 220
1964 0 0 0 0 3 2 8 8 8
000 000 000 000 201 200 611 350 521
1965 2 2 1 1 2 4 6 7 9
110 020 010 100 101 310 411 322 531
1966 0 0 0 1 2 1 4 9 10
000 000 000 100 200 100 310 531 532
1967 1 0 2 1 1 1 8 10 8
010 000 110 100 010 100 332 343 530
1968 0 1 0 1 0 4 3 8 4
000 001 000 100 000 202 120 341 400
1969 1 0 1 1 0 0 3 3 6
100 000 010 100 000 000 210 210 204
1970 0 1 0 0 0 2 3 7 4
000 100 000 000 000 110 021 421 220
1971 1 0 1 2 5 2 8 5 7
010 000 010 200 230 200 620 311 511
1972 1 0 1 0 0 4 5 5 6
100 000 001 000 000 220 410 320 411
1973 0 0 0 0 0 0 7 6 3
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TABLE 3-2 DISTRIBUTION OF WESTERN NORTH PACIFIC TROPICAL CYCLONES FOR 1959 - 1998

1974

1975

1976

1977

1978

1979

1980

1981

1982

1983

1984

1985

1986

1987

1988

1989

1990

1991

1992

1993

1994

1995

1996

000
1
010
1
100
1
100
0
000
1
010
1
100
0
000
0
000
0
000
0
000
0
000
2
020
0
000
1
100
1
100
1
010
1
100
0
000
1
100
0
000
1
001
1
001
0
000

000
0
000
0
000
1
010
0
000
0
000
0
000
0
000
0
000
0
000
0
000
0
000
0
000
1
100
0
000
0
000
0
000
0
000
0
000
1
010
0
000
0
000
0
000
1
001

000
1
010
0
000
0
000
1
010
0
000
1
100
1
001
1
100
3
210
0
000
0
000
0
000
0
000
0
000
0
000
0
000
0
000
2
110
0
000
2
011
1
100

000

000

000
1
010
1
001
2
110
0
000
1
100
1
100
1
010
1
010
0
000
0
000
0
000
0
000
1
100
1
010
0
000
1
100
1
010
1
010
0
000
2
002
0
000
0
000
2
011

000
1
100
0
000
2
200
1
001
0
000
2
011
4
220
1
010
1
100
0
000
0
000
1
100
2
110
0
000
1
100
2
200
2
110
1
100
0
000
1
010
2
101
1
010
2
110

000
4
121
0
000
2
200
1
010
3
030
0
000
1
010
2
200
3
120
1
010
2
020
3
201
2
110
2
110
3
111
2
110

211

100

210

101

020

020

000

430
5
230
1
010
4
220
4
301
4
310
5
221
5
311
5
230

220

300

410

100

200

400

110

231

220

400

220

320

342

210

610

231
7
232
6
411
4
130
2
020
8
341
4
202
3
201
8
251
5
500
6
231
7
232
7
520
5
410
4
310
5
230
8
332
5
500
8
332
8
440
8
611
9
630

421
10
433

201
5
320
5
410
5
410
5
230
4
310
6
330
7
511
4
400

321

111

130

320

200

511

260

220

410

420

410

410

440

412

610

400
4
400
6
321
0
000
4
310
7
412
3
210
4
220
2
110
4
301
5
320
8
521
5
410

320

200

400

600

230

300

510

321

511

512

212

030
4
220
3
210
2
110
2
200
4
121
2
110
1
100
3
210
1
100
5
320
3
300
1
010
4
220
3
120
2
200
3
300
4
310
6
330
5
311
4
112
0
000
2
020
6
132

000

2

020

2

002

2

020

1

100

0

000

3

111

1

010

200

100

020

100

110

210

100

010

101

100

000

000

300

110

012

111

1292
35
15173
25
1465
25
14110
21
1182
32
1513 4
28
1495
28
1594
29
16121
28
1972
25
12112
30
16 11 3
27
1791
27
1980
25
1861
27
14121
35
2110 4
31
2191
32
20 10 2
33
21111
38
2198
41
21155
34
15118
43
21 12 10

29




TABLE 3-2 DISTRIBUTION OF WESTERN NORTH PACIFIC TROPICAL CYCLONES FOR 1959 - 1998

1997 1 0 0 2 3 3 4 8 4 6 1 1 33
010 000 000 110 120 300 310 611 310 411 100 100 2382
1998 0 0 0 0 0 0 3 3 8 6 3 4 27
000 000 000 000 000 000 012 210 413 213 030 112 999
(1959-1998)
MEAN 0.6 0.3 0.6 0.7 1.2 2.0 4.5 6.3 5.7 4.7 2.9 1.5 30.8
CASES 22 11 23 29 48 79 178 251 227 188 116 60 1233
The criteria used in TABLE 3-2 are as follows:
1) If a tropical cyclone was first warned on during the last two days of a particular month and continued
into the next month for longer than two days, then that system was attributed to the second month.
2) If a tropical cyclone was warned on prior to the last two days of a month, it was attributed to the first
month, regardless of how long the system lasted.
3) If a tropical cyclone began on the last day of the month and ended on the first day of the next month,
that system was attributed to the first month. However, if a tropical cyclone began on the last day of the
month and continued into the next month for only two days, then it was attributed to the second month.
TABLE 3-3 WESTERN NORTH PACIFIC TROPICAL CYCLONES
TYPHOONS (1945-1959)
JAN FEB MAR APR MAY JUN JUL AUG SEP OoCT NOV  DEC TOTALS
MEAN 0.3 0.1 0.3 0.4 0.7 1 2.9 3.1 3.3 2.4 2 0.9 16.4
CASES 5 1 4 6 10 15 29 46 49 36 30 14 245
TYPHOONS (1960-1998)
JAN FEB MAR APR MAY JUN JUL AUG SEP OoCT NOV  DEC TOTALS
MEAN 0.3 0.1 0.2 0.4 0.7 1.1 2.8 3.5 3.5 3.3 1.7 0.7 18.3
CASES 10 2 8 16 27 41 107 134 133 126 63 27 694
TROPICAL STORMS AND TYPHOONS (1945-1959)
JAN FEB MAR APR MAY  JUN JUL AUG SEP OoCT NOV DEC TOTALS
MEAN 0.4 0.1 0.5 0.5 0.8 1.6 2.9 4 4.2 3.3 2.7 1.2 22.2
CASES 6 2 7 8 11 22 44 60 64 49 41 18 332
TROPICAL STORMS AND TYPHOONS (1960-1998)
JAN FEB MAR APR MAY  JUN JUL AUG SEP OoCT NOV DEC TOTALS
MEAN 0.5 0.2 0.4 0.7 1.2 1.8 4.3 5.7 5.2 4.4 2.7 1.3 28.5
CASES 20 9 17 25 44 70 165 218 198 167 104 49 1085
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TABLE 3-4 TROPICAL CYCLONE FORMATION ALERTS FOR THE WESTERN NORTH
PACIFIC OCEAN FOR 1976-1998
TROPICAL TOTAL
TROP-

YEAR

1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998

(1976-
1998)

MEAN:
TOTALS:

INITIAL
TCFAS

34
26
32
27
37
29
36
31
37
39
38
31
33
51
33
37
36
50
50
54
41
36
38
37

856

CY-
CLONES
WITH
TCFAS

25
20
27
23
28
28
26
25
30
26
27
24
26
32
30
29
32
35
40
33
39
30
18
26

653

ICAL
CY-

CLONES

25
21
32
28
28
29
28
25
30
27
27
25
27
35
31
31
32
38
40
35
43
33
27
30

697

PROBABILITY
OF TCFA WITH-
OUT WARNING*

26%
23%
16%
15%
24%
3%

28%
19%
19%
33%
29%
23%
21%
37%
9%

22%
20%
30%
20%
39%
,5%
17%
53%
30%

697

* Percentage of initial TCFA’s not followed by warnings.

PROBABILITY
OF TCFA BE-
FORE WARNING

100%
95%
84%
82%
100%
96%
93%
100%
100%
96%
100%
96%
96%
91%
97%
94%
100%
92%
100%
94%
91%
91%
67%
87%
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12 SEPT - 25 SEPT 10W STY TODD 16 SEPT - 20 SEPT

11W TS VICKI 17 SEPT - 23 SEPT
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TABLE 3-5 NORTH INDIAN OCEAN SIGNIFICANT TROPICAL CYCLONES FOR 1998

TROPICAL
CYCLONE

01B
02A
03A
04A
05A
06B
07B
08A

TOTAL

PERIOD OF WARNING

18 MAY 20 MAY
28 MAY 29 MAY
04 JUN 09 JUN

30 SEP 01 OCT

16 OCT 18 OCT
14 NOV 16 NOV
12 NOV 23 NOV
13 DEC 17 DEC

NUMBERS
WARNINGS ISSUED

11
5
22

19

80

ESTIMATED
MAX INTENSITY
KT (M/SEC)

70 (35)
35 (18)
105 (53)
35 (18)
35 (18)
85 (43)
75 (38)
65 (33)
AVG AVG
63.13 (32)

EST
MSLP

(MB)
972
997
938
997
997
958
968
976
AVG
975.38
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Figure 3-5a. Past data indicates annual mean genesis location of WNP tends to be east of normal
during the La Nia or ENSO cold phase. Consistent with past observations for a La Nia episode,
the annual mean genesis location for all TCs during 1998 was substantially north and west (Figure
3-5a) of the long term average TC genesis position. Further review of the 1998 genesis locations
revealed 10 tropical cyclones developed in the South China Sea (100-120 degrees longitude), 10
in the Philippine Sea (120-145 degrees longitude), and only 4 east of Guam (145-180 degrees
longitude).
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TABLE 3-6 DISTRIBUTION OF NORTHERN INDIAN OCEAN TROPICAL CYCLONES FOR 1975 - 1998
YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTALS

1975 1 0 0 0 2 0 0 0 0 1 2 0 6
010 000 000 000 200 000 000 000 000 100 020 000 330
1976 0 0 0 1 0 1 0 0 1 1 0 1 5
000 000 000 010 000 010 000 000 010 010 000 010 050
1977 0 0 0 0 1 1 0 0 0 1 0 2 5
000 000 000 000 010 010 000 000 000 010 000 110 140
1978 0 0 0 0 1 0 0 0 0 1 2 0 4
000 000 000 000 010 000 000 000 000 010 200 000 220
1979 0 0 0 0 1 1 0 0 2 1 2 0 7
000 000 000 000 100 010 000 000 011 010 011 000 142
1980 0 0 0 0 0 0 0 0 0 0 1 1 2
000 000 000 000 000 000 000 000 000 000 010 010 020
1981 0 0 0 0 0 0 0 0 1 0 1 1 3
000 000 000 000 000 000 000 000 010 000 100 100 210
1982 0 0 0 0 1 1 0 0 0 2 1 0 5
000 000 000 000 100 010 000 000 000 020 100 000 230
1983 0 0 0 0 0 0 0 1 0 1 1 0 3
000 000 000 000 000 000 000 010 000 010 010 000 030
1984 0 0 0 0 1 0 0 0 0 1 2 0 4
000 000 000 000 010 000 000 000 000 010 200 000 220
1985 0 0 0 0 2 0 0 0 0 2 1 1 6
000 000 000 000 020 000 000 000 000 020 010 010 060
1986 1 0 0 0 0 0 0 0 0 0 2 0 3
010 000 000 000 000 000 000 000 000 000 020 000 030
1987 0 1 0 0 0 2 0 0 0 2 1 2 8
000 010 000 000 000 020 000 000 000 020 010 020 080
1988 0 0 0 0 0 1 0 0 0 1 2 1 5
000 000 000 000 000 010 000 000 000 010 110 010 140
1989 0 0 0 0 1 1 0 0 0 0 1 0 3
000 000 000 000 010 010 000 000 000 000 100 000 120
1990 0 0 0 1 1 0 0 0 0 0 1 1 4
000 000 000 001 100 000 000 000 000 000 001 010 112
1991 1 0 0 1 0 1 0 0 0 0 1 0 4
010 000 000 100 000 010 000 000 000 000 100 000 130
1992 0 0 0 0 1 2 1 0 1 3 3 2 13
000 000 000 000 100 020 010 000 001 021 210 020 382
1993 0 0 0 0 0 0 0 0 0 0 2 0 2
000 000 000 000 000 000 000 000 000 000 200 000 200
1994 0 0 1 1 0 1 0 0 0 1 1 0 5
000 000 010 100 000 010 000 000 000 010 010 000 140
1995 0 0 0 0 0 0 0 0 1 1 2 0 4
000 000 000 000 000 000 000 000 010 010 200 000 220
1996 0 0 0 0 1 3 0 0 0 2 2 0 8
000 000 000 000 010 120 000 000 000 110 200 000 440
1997 0 0 0 0 1 0 0 0 1 1 1 0 4
000 000 000 000 100 000 000 000 100 010 010 000 220
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TABLE 3-6 DISTRIBUTION OF NORTHERN INDIAN OCEAN TROPICAL CYCLONES FOR 1975 - 1998

1998 0 0 0 0 2 1 0 0 1 1 2 1 8
000 000 000 000 110 100 000 000 010 010 200 100 530
(1975-1998)
MEAN 0.1 0.1 0.1 0.2 06 06 01 01 03 09 14 06 5
1533 .3
CASES 3 0 0 4 14 13 1 1 8 24 32 13 121
36 79 6

The criteria used in TABLE 3-6 are as follows:

1) If a tropical cyclone was first warned on during the last two days of a particular month and continued
into the next month for longer than two days, then that system was attributed to the second month.

2) If a tropical cyclone was warned on prior to the last two days of a month, it was attributed to the first
month, regardless of how long the system lasted.

3) If a tropical cyclone began on the last day of the month and ended on the first day of the next month,
that system was attributed to the first month. However, if a tropical cyclone began on the last day of the
month and continued into the next month for only two days, then it was attributed to the second month.
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Tropical Depression 01W

The first 1998 Northwest Pacific Ocean tropical cyclone warned on by JTWC developed in the Philippine
Sea. It intensified slowly, moved northwestward, then dissipated over Taiwan after 5 days.

Tropical Depression (TD) 01W formed approximately 600 nm east of Luzon. JTWC issued the first
warning on TD 01W at 071500Z July. By 0806007 July, the cyclone had reached a maximum intensity of 30
kt. Subsequently, vertical wind shear resulted in TD 01W becoming an exposed low level circulation after
0900007 July.

TD 01W moved very slowly for the initial 48 hours, then began to accelerate northwestward on the 9th to
about 11 kt just before striking the northern tip of Taiwan around 102100Z July. After landfall, the cyclone
dissipated quickly. The final JTWC warning was issued at 110300Z July.

The primary significance of this cyclone was that it was the latest "start” of the Northwest Pacific Ocean
tropical cyclone season as indicated by JTWC records (since 1959). This late season start appears to be
directly related to the ”La Nia” event of 1998.

o~ Tropical@epression 01V
= |90N 125 9E (18%)
MovEnenkesMNY 6 kts
WindSESHlkcts, gusts to 40

Comndunnes Island (Philippines)

Figure 3-01-1. A NOAA multi-spectral image showing TD 01W as an exposed low-level circulation
northeast of the Philippines.
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Tropical Storm Nichole (02W)

Tropical Storm (TS) Nichole (02W), was the second tropical cyclone and the first named storm of 1998.
This cyclone formed in the South China Sea and reached a maximum intensity of 50 kt in the Taiwan Strait
before making landfall and dissipating near Xiamen, China on the 12th of July.

JTWC issued a Tropical Cyclone Formation Alert at 071700Z July on a broad area of convection in the
South China Sea. The first warning was issued at 0803007 July as a 25 kt cyclone. Subsequently, TS Nichole
moved steadily north-northeastward at 6 to 8 kt. Due to constricted upper-level outflow to the north, it
intensified slowly reaching tropical storm intensity at 081800Z July. TS Nichole achieved maximum intensity
of 50 kt at approximately 091200Z July while just offshore of the southwest coast of Taiwan. Interaction
with land and associated dry air entrainment, together with increased vertical shear, weakened the cyclone
rapidly and TS Nichole became an exposed low level circulation. It moved westward and dissipated over
southeastern China. The final warning was issued at 1221007 July.

Figure 3-02-1. 0909427 July Special Sensor Microwave Imagery (SSM/I) depiction of
TS Nichole at its maaximum intensity of 50 kt.
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Tropical Storm 03W

Tropical Storm (TS) 03W developed on the eastern periphery of a monsoon gyre 425 nm east-northeast
of Iwo Jima on 25 July. Although JTWC never upgraded this cyclone to a tropical storm, post-analysis
indicated a peak intensity of 45 kt. Hence, ”No Name” was assigned.

JTWC first mentioned this disturbance on the 240600Z July Significant Tropical Weather Advisory
(ABPW). No Tropical Cyclone Formation Alert was issued and JTWC issued the first warning at 250300Z
July.

TS 03W moved cyclonically around the monsoon gyre for the first 24 hours, and intensified to 45 kt
at 251200Z. As TS 03W tracked further north, it weakened as it encountered increased vertical windshear
associated with the mid-latitude westerlies. TS 03W then turned northward and accelerated under the
steering influence of the subtropical ridge to the southeast.

By 260533Z, vertical windshear had exposed the Low-Level Circulation Center. The final warning was
issued at 2609007 July.

IMAGE DATA

Figure 3-03-1. 25 Jul 98 1016Z SSM/I data which indicates convection
wrapping into northeastern quadrant of the cyclone that supports a max-
imum intensity of 45 kt.
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Figure 3-03-2. 260533Z July visible GMS image with TS 03W as an exposed LLCC.
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Typhoon Otto (04W)

Typhoon (TY) Otto (04W) formed over extremely warm ocean temperatures (; 30 degrees C) east of Luzon.
This cyclone developed from a persistent mesoscale convective complex to a 100 kt typhoon during its
relatively straight 4-day northwestward track. TY Otto tracked across Taiwan, then moved into southeastern
China causing widespread flooding in Fukien Province.

Based on 0114117 August ERS-2 satellite scatterometer data and satellite imagery showing increased deep
convection, JTWC issued the first warning at 020300Z August. Intensification to tropical storm occurred
twelve hours later as the cyclone began to accelerate and move northwestward toward Taiwan in response
to steering flow from the mid-tropospheric subtropical ridge. Minimal typhoon intensity was reached at
031200Z August.

TY Otto reached a maximum intensity of 100 kt on 040000Z August just prior to making landfall on the
southeastern coast of Taiwan. The island’s rugged, mountainous terrain temporarily lowered the cyclone’s
maximum sustained winds to 60 kt, but TY Otto reintensified to minimal typhoon intensity over the Taiwan
Strait and continued to move northwestward. It then made a second landfall near the city of Fuzhou
in southeastern China at 042000Z August, where the associated heavy rainfall contributed to widespread
flooding in Fukien Province. Maximum sustained winds were estimated at 50 kt when JTWC issued its
thirteenth and final warning at 050300Z August 1998.

Figure 3-04-1. DMSP 0400447 August microwave image of Typhoon
Otto just prior to landfall in southeastern Taiwan.
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Figure 3-04-2. 050000Z August GMS-5 visible image of Typhoon Otto just after making landfall
in southeastern China.
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Tropical Storm Penny (05W)

Tropical Storm (TS) Penny (05W) formed in early August from a persistent mesoscale convective complex
over the very warm Philippine Sea in the same manner as TY Otto (04W) the week prior. JTWC issued
a Tropical Cyclone Formation Alert on 051900Z August as deep convection persisted and a surface cyclone
began to develop. JTWC issued its first warning on TS Penny at 060900Z August with maximum sustained
winds of 25 kt.

As with TY Otto (04W), the midtropospheric subtropical ridge was the primary steering influence for TS
Penny (05W) during the cyclone’s northwestward movement toward Luzon Island and subsequent passage
across the South China Sea and into southern China.

It took 36 hours for the tropical depression to reach tropical storm intensity. This intensification oc-
curred at 071200Z August, just prior to the cyclone making landfall over northern Luzon. Interaction with
mountainous terrain temporarily weakened TS Penny to tropical depression strength but, after 18 hours, the
cyclone reintensified to tropical storm strength and reached a maximum intensity of 60 kt during its South
China Sea passage.

TS Penny made a second landfall in southern China near Zhanjiang at approximately 110000Z Au-
gust, where associated heavy rainfall contributed to widespread flooding. Maximum sustained winds were
estimated at 35 kt when JTWC issued its eighteenth and final warning at 110900Z August.
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Figure 3-05-1. 080700Z August GMS-5 visible image of T'S Penny crossing Luzon.
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Figure 3-05-2. 060019Z August DMSP microwaveimage of T'S Penny during
its formative stages.
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Typhoon Rex (06W)

The paramount forecasting challenge of the 1998 Northwest Pacific tropical cyclone season was Typhoon
(TY) Rex (06W). This cyclone formed in the Philippine Sea and was influenced by synoptic features present
in the mid and upper troposphere during its meander northeastward. The influence of 3 distinct TUTT
cells caused TY Rex’s track to deviate from its forecasted northeast track 3 separate times. Seventeen days
after initial detection, TY Rex (06W) transitioned to an extratropical cyclone southeast of the Kamchatka
Peninsula.

TY Rex (06W) formed in a broad trough east of Luzon late in August, 1998 and was first described as
a suspect area on the 210600Z August JTWC Significant Tropical Weather Advisory. The first warning was
issued at 240300Z August. The cyclone continued to steadily intensify as it tracked northeastward at 8 kt
in response to flow emanating from the mid-tropospheric subtropical ridge to the east. On 260000Z August,
TY Rex was designated a typhoon with a maximum intensity of 70 kt with an associated eastward track
change noted at around the same time.

The Tropical Upper Tropospheric Trough (TUTT) was very active in August and ”cells” or cyclones
within this trough affected the track and intensity of Typhoon Rex. The first TUTT cell weakened the
subtropical ridge to the east, allowing TY Rex to track eastward from 2512007 to 270000Z August. As the
influence of the TUTT cell waned, TY Rex resumed a more northward course and reached peak intensity of
115 kt with a 30 nm diameter eye at 280600Z August. TY Rex began to move northward toward Honshu
when a second, much deeper TUTT cell began to weaken the subtropical ridge to the east. In response,
TY Rex again began to move east-southeastward around 310600Z August. During this period, TY Rex
weakened to 90 kt and later intensified to a 100 kt cyclone at 010000Z September.

After the second TUTT cell began to move westward, TY Rex resumed its northeastward track on
020600Z September. After passing, north of 30 degrees north, TY Rex began weakening due to cooler
surface waters and increased vertical wind shear. Around 0312007 September, a third TUTT cell began to
interact with TY Rex, causing an eastward jaunt for approximately 18 hours. This TUTT cell, however,
was the weakest of the three and rapidly collapsed, allowing Rex to resume its northeastward movement by
0412007 September.

Between 4th and Tth of September, Typhoon Rex continued to track northeastward and then eastward
while transitioning into an extratropical system. JTWC issued the final warning on this cyclone at 070300Z
September.

Although Rex never made landfall, its proximity to Honshu, Japan caused heavy flooding and 575 mud-
slides. The media reported 13 fatalities, 30 injuries, and 8,000 homes destroyed.
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Figure 3-06-1. Visible satellite data of TY Rex at 272334Z August, 1998 when the cyclone was a
110 kt system and about 6 hours away from peak intensity of 115 kt.
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Figure 3-06-2. Visible satellite image of TY Rex at 3123347 August, 1998 undergoing reintensi-
fication to a 100 kt cyclone after weakening to 90 kt.
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Tropical Depression 07TW

Tropical Depression (TD) 07W developed east of Taiwan along the trailing edge of a stationary front. The
first warning was issued on 020900Z September as a 30 kt system. Although convection did periodically
increase, this Depression failed to intensify.

After forming just east of Taiwan, TD 07W tracked rapidly northeastward under the steering influ-
ence of the 700mb subtropical ridge to the south. The system began to accelerate and turned more east-
northeastward as moderate vertical shear began to displace the cyclone’s convection away from the low-level
circulation center. TD 07W slowed on 040000Z September, and vertical wind shear increased, caused by the
outflow of nearby Typhoon Rex (06W). TD 07W dissipated over water, with the final warning issued on
040900Z September.

Figure 3-07-1. GMS-5 visible image of TD 07TW at 030534Z September. Convection is being
sheared to the northeast.
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Typhoon Stella (08W)

Typhoon Stella (08W) began as a weak tropical disturbance just east of the northern Marianas Islands. The
first warning was issued on 120900Z September as a tropical depression. The cyclone tracked northwestward
for two days before reaching peak intensity and curving northeastward. This northeast turn took TY Stella
along the eastern Honshu coast as it accelerated and became extratropical.

JTWC first mentioned this disturbance at 110600Z September on the Significant Tropical Weather Ad-
visory. At 120000Z September, the disturbance was upgraded to a Tropical Cyclone Formation Alert. The
first warning was issued at 120900Z September. TY Stella developed in the eastern portion of the monsoon
trough, south of the subtropical ridge and tracked northwestward. TY Stella reached typhoon intensity as
it moved into a weakness in the ridge and began transitioning into a poleward-oriented, steering pattern
at 151200Z September. TY Stella tracked northeastward and continued to accelerate as it began to be
influenced by the mid-latitude westerlies. TY Stella made landfall about 151800Z September near Numazu,
Japan at minimum typhoon intensity. TY Stella became extratropical (XT) at 161200Z September. Once it
became XT, it accelerated to 58 kt while maintaining an intensity of 60 kt. JTWC issued 18 warnings, with
the final warning issued on 161500Z September.

CNN Tokyo (CNN, 17 Sep 1998) reported huge waves (23 feet), floods, heavy rains (14 inches in 24
hours), landslides, and four deaths.

Figure 3-08-1. GMS-5 140034Z September visible image of Tropical Storm
Stella (60 kt).
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Tropical Depression 09W

Tropical Depression (TD) 09W developed in the monsoon trough east of Hainan Island in the South China
Sea on 13 September. TD 09W was a short-lived, minimum intensity tropical depression.

JTWC first mentioned this disturbance on 120600Z September on the Significant Tropical Weather Ad-
visory (ABPW). JTWC issued the first warning on 130900Z September. TD 09W developed within the
monsoon trough about 250nm east of Hainan Do, China. TD 09W, south of the subtropical ridge, tracked
westward at 10-15 kt with the low-level steering flow. TD 09W reached a maximum intensity of 25 kt as
it moved through the Hainan Strait Channel, into the Gulf of Tonkin. It made landfall and dissipated over
Vietnam. JTWC issued three warnings. The final warning was issued at 132100Z September.

Figure 3-09-1. 1322277 September SSM/I pass. Convection is limited to west side of TD 09W.
Low-level center is about 45 nm north of cursor location.
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Super Typhoon Todd (10W)

Super Typhoon (STY) Todd (10W) formed in the Philippine Sea within a reverse oriented monsoon trough.
Initially detected in mid September, STY Todd (10W) developed rapidly while moving cyclonically in re-
sponse to mid-tropospheric steering flow and the influence of a monsoon gyre located in the South China
Sea. STY Todd (10W) attained a maximum intensity of 130 kt then dissipated in the East China Sea 6 days
after initial formation.

JTWC issued a Tropical Cyclone Formation Alert at 150900Z September. The disturbance was embedded
in a large area of deep convection, which masked its initial intensification. JTWC issued the first warning
with a maximum intensity of 45 kt at 160300Z September. This initial warning forecast northeast movement
and typhoon intensity at 48 hours. However, by 170600Z September, STY Todd had reached its peak
intensity of 130 kt with an observed 12 nm diameter cloud-filled eye while moving northeastward at 11 kt.

Between 170000Z and 180000Z STY Todd began to change direction and accelerate in response to the
steering flow of a developing anticyclone over Kyushu and a monsoon gyre in the South China Sea. As a
result, STY Todd attained a maximum speed of movement of 30 kt between 171800Z and 180000Z September.

After 171200Z September, STY Todd experienced increased vertical wind shear, weakening and moving
westward. When STY Todd made landfall on the east coast of China, 85 nm south of Shanghai, it had
weakened to a 55 kt system and continued to weaken as it moved westward over land. After 200000Z
September, however, the cyclone reversed course and the exposed low-level circulation turned eastward and
tracked into the East China Sea. The remnants of STY Todd became quasi-stationary and dissipated. JTWC
issued its final warning at 200300Z September.

Although Kyushu did not experience passage of the cyclone center, heavy rains from STY Todd caused
seven fatalities from flooding and mudslides. No reports of fatalities or damage in China were available at
the time of this report.
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Figure 3-10-1. Visual Satellite image of Typhoon Todd at 2334Z on the 16th of September. At
this point, TY Todd is a 120 kt system and will reach its maximum intensity of 130 kt within a
few hours.
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Figure 3-10-2. 1723477 September Special Sensor Microwave Image of STY Todd as an 80 kt
system.

65



7

Figure 3-10-3. Visible imagery indicating STY Todd is experiencing vertical wind shear as shown
by the partially exposed low level circulation. Application of the Dvorak Technique indicates
STY Todd (10W) has a maximum intensity of 80 kt at this time.

66



LEGEND
w1+ }4-HE BEST TRACK POSITION
For-y | oo0 TROPICAL DISTURBANCES
TROPICAL DEPEESSION

20182 12 251

%| 464 TROPICAL STORM

;| #%% TYPHO ON/SUPER TYPHOON
%

o

35N
14-HE BEST TRACK POSITION
IDENTIFICATION

DIG SPINKT) INT(KT)
LXXZ XX X

=4

1900Z 15 65/ | 18007 30 70

25N . - -
4,/}1 </ 1700Z 9115
20N =
1418Z Ni#s 15/9‘52& \muuz 3 40
ij 2 15|jnz|11 15

15N

120E 125E 130E 135E 140E

67



Typhoon Vicki (11W)

TY Vicki (11W) developed in the South China Sea and moved eastward, reaching typhoon intensity before
crossing Luzon. After passage into the Philippine Sea, the cyclone re-intensified and re-attained typhoon
intensity east of Okinawa. TY Vicki continued its northeastward track over Shikoku and Honshu before
becoming an extratropical cyclone.

JTWC issued a Tropical Cyclone Formation Alert at 1605307 September for an area of persistent con-
vection with an associated low-level circulation center. The first warning was issued at 170300Z September
as a 30 kt tropical depression.

TY Vicki (11W) began tracking slowly toward the east-southeast under the steering influence of the
700mb subtropical ridge to the south. The system intensified while approaching the west coast of Luzon.
TY Vicki reached tropical storm strength by the 171200Z warning, and typhoon strength by the 1806007
warning. TY Vicki made its first landfall over western Luzon as an 85 kt typhoon and began tracking under
the steering influence of the building mid-level subtropical ridge to the east. TY Vicki weakened to a 40 kt
system due to interaction with land.

Once over open water, Typhoon Vicki began accelerating northeastward while slowly re-intensifying to
typhoon strength by the 210000Z September warning. TY Vicki remained in a favorable environment while
tracking at 16 to 27 kt toward Shikoku and Honshu in southwestern Japan. This strong steering flow was
caused by the subtropical ridge to the east of the system and an approaching mid-latitude trough to the
northwest. TY Vicki made its second landfall between 220000Z and 220600Z south of Osaka, Japan, as a 90
kt system. The system began weakening over land as it continued to accelerate within the strong westerly
flow over central Japan. TY Vicki began to undergo extratropical transition as the mid-latitude interaction
increased. The system became fully extratropical and the final warning was issued on 230300Z September.

CNN reported (19 September) that TY Vicki moved over Luzon killing 9 people and affected more than
300,000 people with severe flooding and a landslide that forced hundreds of people from their homes in
several villages near Manila, Philippines. On 18 September, the ferry ”Princess of the Orient” sank near the
mouth of Manila Bay as it was heading for the city of Cebu. Dozens perished as the ferry sank with 430
people onboard. On 22 September, TY Vicki made a second landfall about 300 miles southwest of Tokyo,
disrupting train and passenger service and canceling over 60 domestic flights in Japan.
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Figure 3-11-1. GMS-5 visible image of Typhoon Vicki (11W) at peak intensity (90 kt).
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Tropical Depression 12W

Tropical Depression (TD) 12W formed in the South China Sea on 18 September, then moved northwest
and made landfall in Vietnam 36 hours later. It remained a poorly organized system, reaching a maximum
intensity of 30 kt while 30 nm off the Vietnamese coast.

JTWC first mentioned this monsoon trough disturbance located off the Vietnam coast in the 170600Z
September Significant Tropical Weather Advisory. On 171100Z September, a Tropical Cyclone Formation
Alert was issued on the suspect area, and the first JTWC warning was issued at 180900Z September. TD 12W
remained south of the mid-tropospheric subtropical ridge throughout its existence and as a result, tracked
persistently northwestward. TD 12W made landfall near Cua Ho, Vietnam around 191800Z September and
rapidly dissipated over land. After seven warnings, the final warning was issued on 192100Z September.

Figure 3-12-1. 190032Z GMS visible imagery indicating a poorly organized TD 12W moving
toward the Vietnam coast.
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Tropical Storm Waldo (13W)

Tropical Storm Waldo (13W), a small-sized tropical cyclone, developed in the Philippine Sea southwest of
Iwo Jima around 20 September. It moved north and dissipated in the Sea of Japan on 21 September. The
proximity of TY Vicki (11W), a larger cyclone, affected TS Waldo’s movement and intensity.

JTWC issued a Tropical Cyclone Formation Alert at 190900Z September. The first warning was issued at
200300Z September. TS Waldo developed and moved faster than forecast, reaching tropical storm intensity
at 200600Z September while moving north at 20 kt. The rapid acceleration northward was due to the
proximity of TY Vicki (11W) to the southwest. JTWC forecasts called for TS Waldo to rotate cyclonically
around TY Vicki and slowly intensify. Instead, TS Waldo moved northward and accelerated due to an
increase in the synoptic scale southerly wind flow between TY Vicki and the mid-tropospheric subtropical
ridge located to the northeast of TS Waldo. Additionally, the upper-level outflow from TY Vicki suppressed
the outflow from TS Waldo, resulting in a 45 kt maximum intensity.

Landfall occurred near Owase, Japan on Honshu Island around 210800Z September. TS Waldo crossed
Japan and dissipated over the Sea of Japan.

Figure 3-13-1. 201134Z September infrared satellite imagery when T'S Waldo was
a 35 kt system just south of Japan and TY Vicki (11W) was located southwest
of TS Waldo and east of Taiwan.
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Typhoon Yanni (14W)

Typhoon Yanni (14W) formed in the Philippine Sea and intensified slowly while moving northwestward. As
TY Yanni approached Taiwan, this cyclone intensified to typhoon strength and moved northeastward toward
Cheju Island, Republic of South Korea. TY Yanni weakened off the coast of Korea then turned south and
dissipated near the Ryukyu Islands in the East China Sea.

A Tropical Cyclone Formation Alert was issued for TY Yanni on 242300Z September. JTWC issued
the first warning at 250300Z September when TY Yanni was a 25 kt system moving northwestward. TY
Yanni maintained a relatively steady track toward Taiwan and reached tropical storm intensity on 271200%Z
September. TY Yanni then slowed and began to move northward while continuing to intensify. The cyclone
reached typhoon intensity on 2806007 while tracking north toward the Korean Peninsula at 8 kt. On 290000Z
September, the cyclone accelerated and reached a maximum intensity of 80 kt.

TY Yanni began to weaken as it moved along the eastern periphery of the mid-tropospheric subtropical
ridge and encountered more vertical wind shear. As TY Yanni passed over Cheju Island at 300000Z, it
weakened to 55 kt. TS Yanni struck South Korea near Yeosu as a 50 kt system on 300700Z September.

After making landfall, Yanni became an exposed low level circulation. It tracked south-southeastward
before dissipating near the Ryukyu Islands. The final warning was issued at 010900Z October.

According to a South Korean News Agency, TY Yanni killed 50 people and forced thousands to flee their
homes.

Figure 3-14-1. 2813001Z September Taiwan Doppler Radar depiction of
Typhoon Yanni just after reaching typhoon intensity.
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Figure 3-14-2. 2804257 visible satellite image of Typhoon Yanni northeast of Taiwan at it’s
maximum intensity of 80 kt, courtesy of the Taiwan Weather Agency.
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Tropical Depression (15W)

Tropical Depression 15W, developed in a broad area of surface troughing in the South China Sea, and
meandered northwest before dissipating over northern Vietnam less than 72 hours later.

JTWC issued a Tropical Cyclone Formation Alert at 020700Z October. The first warning was issued
030900Z October as a 30 kt tropical depression. Although initially forecast to reach tropical storm intensity,
TD 15W, failed to develop due to vertical windshear. Southeasterly low level synoptic flow steered TD 15W
steadily northwestward at 7 to 10 kt toward Vietnam. The cyclone made landfall near Vinh, Vietnam at
051200Z October with a maximum intensity of 30 kt.

Tropical Depression 15W dissipated quickly after moving over land and JTWC issued the final warning
at 0521