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FOREWORD

The Annual Tropical Cyclone Report
is prepared by the staff of the Joint
Typhoon Warning Center (JTWC), a combined
USAF /USN organization operating under the
command of the Commanding Officer, U.S.
Naval Oceanography Command Center/Joint
Typhoon Warning Center, Guam. JTWC was
established in April 1959 when USCINCPAC
directed USCINCPACFLT to provide a single
tropical cyclone warning center for the
western North Pacific region. The opera~
tions of JTWC are guided by USCINCPACINST
3140.1 (series).

The mission of the Joint Typhoon
Warning Center is multi-faceted and includes:

1. Continuous meteorological
monitoring of all tropical activity in the
Northern and Southern Hemispheres, from 180
degrees longitude westward to the east coast
of Africa, to anticipate tropical cyclone
development.

2. 1Issuing warnings for all
significant tropical cyclones in the above
area of responsibility.

3. Determination or reconnais-
sance requirements for tropical cyclone
surveillance and assignment of appropriate
priorities.

4. In depth post-storm analysis oi
all tropical cyclones occurring within the
western North Pacific and North Indian Oceans
for publication in this report.

5. Cooperation with the Naval
Environmental Prediction Research Facility,
Monterey, California, on the operational
evaluation of tropical cyclone models and
forecast aids, and the development of new
techniques to support operational forecast
scenarios.

Should JTWC .become incapacitated, the
Alternate JTWC (AJTWC), located at the U.S.
Naval Western Oceanography Center, Pearl
‘Harbor, Hawaii, assumes warning responsi-
bilities. Assistance in determining
satellite reconnaissance requirements, and in

obtaining the resultant data, is provided by
Detachment 4, 1WW, Hickman AFB, Hawaii.

Satellite imagery used throughout this
report represents data obtained by the
tropical cyclone satellite surveillance
network. The personnel of Det 1, 1Ww,
colocated with JTWC at Nimitz Hill, Guam,
coordinate the satellite acquisitions and
tropical cvclone surveillance by the following
units:

Det 5, 1WW, Clark AB, RP

Det 8, 1lwwWw, Kadena AB, Japan

Det 15, 30WS, Osan AB, Korea

Det 4, 1wwW, Hickam AFB, Hawaii

Air Force Global Weather Central,
offutt AFB, Nebraska

In addition, the Naval Oceanography Command
Detachment, Diego Garcia, and DMSP equipped
U.S. Navy aircraft carriers have been
instrumental in providing vital satellite
position fixes of tropical disturbances in
the Indian Ocean.

In line with the proposals to implement
metric units of measurements within the
United States over the next few years,
various civilian and military organizations
have begun extensive educational programs
through use of metric equivalents in
their publications. This report will include
metric unit equivalent measures whenever
possible.

A special thanks is extended to the
men and women of: 27th Communication Squadron,
Operating Location C, for their continuing
support by providing high quality, real-time
satellite imagery; the Pacific Fleet Audio-
vVisual Center, Guam, for their assistance
in the reproduction of satellite and graphics
data for this report; to the Navy Publications
and Printing Service Branch Office, Guam,
for their efforts to meet publication
deadlines; and to Mrs. Bernadita Manipol
for her patience and perseverance in typing
the many drafts and the final manuscript of
the report.

NOTE: Appendix 5 contains information on
how to obtain past issues of the

Annual Typhoon Report (redesignated
Annual Trop:cal Cyclone Report in

1980).
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CHAPTER | - OPERATIONAL PROCEDURES

1. GENERAL

The Joint Typhoon Warning Center (JTWC)
provides a variety of routine services to the
organizations within its area of responsi-
bility, including:

a. Significant Tropical Weather Adviso-
ries: issued daily, this product describes
all tropical disturbances and assesses their
potential for further development;

b. Tropical Cyclone Formation Alerts:
issued when synoptic, satellite and/or
aircraft reconnaissance data indicate develop-
ment of a significant tropical cyclone in a
specified area is likely;

c. Tropical Cyclone Warnings: issued
periodically throughout each day for signi-
ficant tropical cyclones, giving forecasts
of position and intensity of the system; and

d. Prognostic Reasoning Messages:
issued twice daily for tropical storms and
typhoons in the western North Pacific;
these messages discuss the rationale behind
the most recent warnings.

The recipients of the services of JTWC
essentially determine the content of JTWC's
products according to their ever-changing
requirements. Thus, the spectrum of the
routine services is subject to change from
year to year; such changes are usually the
result of deliberations held at the Annual
Tropical Cyclone Conference.

2. DATA SOURCES

a. COMPUTER PRODUCTS:

A standard array of synoptic-scale
computer analyses and prognostic charts are
available from the Fleet Numerical Oceano-
graphy Center (FLENUMOCEANCEN) at Monterey,
California. These products are provided via
the Naval Environmental Data Network (NEDN).

b. CONVENTIONAL DATA:

This data set is comprised of land-
based and shipboard surface and upper-air
observations taken at or near synoptic times,
cloud-motion winds derived twice daily from
satellite data, and enroute meteorological
observations from commercial and military
aircraft (AIREPS) within six hours of
synoptic times. Conventional data charts are
prepared daily at 0000Z and 1200Z using hand-
and computer-plotted data for the surface/
gradient and 200 mb (upper-tropospheric)
levels. 1In addition to these analyses,
charts at the 850, 700, and 500 mb levels
are computer-plotted from rawinsonde/pibal
observations for the 12-hour synoptic times.

c. AIRCRAFT RECONNAISSANCE:

Aircraft weather reconnaissance data
are invaluable for the position of the
center of developing systems and essential
for the accurate determination of numerous

parameters, including;

- eye/center temperature and dewpoint

- maximum surface and flight level wind
- minimum sea level pressure

- horizontal wind distribution

In addition, wind and pressure-height
data at the 500 and/or 400 mb level, provided
by the aircraft while enroute to, or from
fix missions, provide a valuable supplement
to the all too sparse data fields of JTWC's
area of responsiblity. A comprehensive
discussion of aircraft weather reconnaissance
is presented in Chapter II.

d. SATELLITE RECONNAISSANCE:

Meteorological satellite data obtained
from Defense Meteorological Satellite
Program (DMSP), and National Oceanic and
Atmospheric Administration (NOAA), space-
craft played a major role in the early
detection and tracking of tropical cyclones
in 1983. A discussion of the role of these
programs is presented in Chapter II.

e. RADAR RECONNAISSANCE:

During 1983, as in previous years,
land radar coverage was utilized extensively
when available. Once a tropical cyclone
moved within the range of land radar sites,
their reports were essential for determi-
nation of small scale movement. Use of
radar reports during 1983 is discussed in
Chapter II,

3. COMMUNICATIONS

a. JTWC currently has access to three
primary communications circuits.

(1) The Automated Digital Network
{(AUTODIN) is used for dissemination of
warnings and other related bulletins to
Department of Defense installations. These
messages are relayed for further transmission
over U.S. Navy Fleet Broadcasts, and U.S.
Coast Guard CW (continuous wave Morse code)
and voice broadcasts. Inbound message
traffic for JTWC is received via AUTODIN
addressed to NAVOCEANCOMCEN GUAM or JTWC GUAM.

(2) The Air Force Automated Weather
Network (AWN) provides weather data to JTWC
through a dedicated circuit from the
Automated Digital Weather Switch (ADWS) at
Hickam AFB, Hawaii. The ADWS selects and
routes the large volume of meteorological
reports necessary to satisfy JTWC reguirements
for the right data at the right time. Weather
bulletins prepared by JTWC are inserted into
‘the AWN circuit via the NEDS and the Nimitz
Hill Naval Telecommunication Center (NTCC)
of the Naval Communications Area Master
Station Western Pacific.

{3) The Naval Environmental Data
Network (NEDN) is the communications link
with the computers at FLENUMOCEANCEN. JTWC
is able to receive environmental data from
FLENUMOCEANCEN and access the computers
directly to run various program.



b. The Naval Environmental Display
Station (NEDS) has become the backbone of
the JTWC communications system; it is the
terminal that provides a direct interface
with the NEDN and AWN; and it is capable
of preparing messages for indirect AUTODIN
transmission. Tke NEDS also provides a
means for the Typhoon Duty Officer (TDO) to
request forecast aids which are processed on
the FLENUMOCEANCEN computers and transmitted
to the TDO over the NEDN circuit.

4. ANALYSES

A composite surface/gradient level
(3000 £t (915 m)) manual analysis of the JTWC
area of responsibility is accomplished on the
0000Z and 12002 conventional data. Analysis
of the wind field using streamlines is
stressed for tropical and subtropical
regions. Analysis of the pressure field is
accomplished routinely by the Naval Ocean-
ography Command Center (NOCC) Operations
watch-team and may be used in conjunction
with JTWC's analysis of tropical wind fields.

A composite upper-tropospheric manual
streamline analysis is accomplished daily
utilizing rawinsonde data from 300 mb through
100 mb, winds derived from cloud motion
analysis, and AIREPS (plus or minus 6 hours)
at or above 29,000 feet (8,839 m). Wind and
height data are used to arrive at a represen-
tative analysis of tropical cyclone outflow
patterns, mid-latitude steering currents, and
features that may influence tropical cyclone
intensity. All charts are hand-plotted over
areas of tropical cyclone activity to provide
all available data as soon as possible to the
TDO. These charts are augmented by the
computer-plotted charts for the final
analysis.

Computer-plotted charts for the 850, 700,
and 500 mb levels are available for stream-
line or height-change analyses from the 00002
and 12002 data base. Additional sectional
charts at intermediate synoptic times and
auxiliary charts such as station-time plot
diagrams and pressure-change charts are also
analyzed during periods of significant
tropical cyclone activity.

5. FORECAST AIDS
The following objective techniques were
employed in tropical cyclone forecasting
during 1983 (a description of these techniques
is presented in Chapter IV):
a. MOVEMENT
(1) 12-HR EXTRAPOLATION
(2) CLIMATOLOGY
(3) HPAC (Extrapolation/Climatology}
(4) BPAC (Extrapolation/Climatology)
{5) CYCLOPS (Steering)
(6) TYAN78 (Analog)

(7) ONE-WAY TROPICAL CYCLONE
MODEL (Dynamic)

(8) NESTED TROPICAL CYCLONE
MODEL (Dynamic)

(9) TAPT (Empirical)

(10) COSMOS {Model Output
Statistics)

b. INTENSITY
(1) THETA E (Empirical)
(2) WIND RADIUS (Analytical)
(3) DVORAK (Empirical)

6. FORECAST PROCEDURES
a. INITIAL POSITIONING:

In the preparation of each warning an
accurate location (fix) of the tropical
cyclone's surface center within two to three
hours of warning time is of prime importance.
JTWC uses the Selective Reconnaissance Program
(SRP) to levy an optimal mix of available
resources to obtain the necessary fix informa-
tion. Whenever a tropical cyclone is poorly
defined or the actual surface center cannot
be determined, and when conflicting fix
information is received, the "best estimate"
of the surface location is subjectively
determined from the analysis of all available
data. If the fix data are not available due
to reconnaissance platform malfunctions or
communication problems, synoptic data or
extrapolation from previous fixes are used.
The warning position is then obtained by
determining the "best track" of the tropical
cyclone up to the last fix, or best estimate
of the position of its surface center, and
forecasting its movement to the warning time.

b. TRACK FORECASTING:

A preliminary forecast track is developed
based on an evaluation of the rationale
behind the previous warning and the guidance
given by the most recent objective techniques
and numerical prognoses. This preliminary
track is subjectively modified based on the
following considerations:

(1) The prospects for recurvature or
erratic movement are evaluated. This evalu~
ation is based primarily on the present and
forecast, positions and amplitudes of the
middle-tropospheric, mid-latitude troughs
as depicted on the latest upper air analyses
and numerical prognoses.

(2) Determination of the best steering
level is partly influenced by the maturity
and vertical extent of the tropical cyclone.
For mature tropical cyclones located south of
the subtropical ridge, forecast changes in
speed of movement are closely correlated with
anticipated changes in the intensity or rela-
tive position of the ridge. When steering
currents are relatively weak, the tendency
for tropical cyclones to move northward due
to internal forces is an important consider-
ation.

{3) Over the 12- to 72-hour forecast
period, speed of movement during the early
forecast period is usually biased toward
persistence, while the subsequent forecast
periods are biased toward objective



technigues. When a tropical cyclone moves
poleward, and toward the mid-latitude
steering currents, speed of movement
becomes increasingly more biased toward a
selective group of objective techniques
capable of estimating significant increases
in speed of movement.

(4) The proximity of the tropical
cyclone to other tropical cyclones is
closely evaluated to determine if there
is a possibility of a Fujiwhara interaction
(the apparent rotation of two or more
cyclones about a common axis or axes).

A final check is made against climatology
to determine whether the forecast track is
reasonable. I1f the forecast deviates greatly
from one of the climatological tracks, the
forecast rationale may be reappraised.

c. INTENSITY FORECASTING:

In this parameter, heavy reliance is
placed on intensity trends from aircraft
reconnaissance reports, wind and pressure
data from ships and land stations in the
vicinity of the tropical cyclone, the
Dvorak satellite interpretation model and
other objective techniques. An evaluation
of the entire synoptic situation is made,
including the location of major troughs and
ridges, the position and intensity of any
nearby tropical upper-tropospheric troughs
(TUTT), the vertical and horizontal extent
of the tropical cyclone's circulation and
the extent of the associated upper-level
outflow pattern. An essential element
affecting each intensity forecast is the
accompanying forecast track and the influence
of environmental parameters along that track,
such as: sea thermal fronts, terrain
influences, vertical wind shear, and an
extratropical environment.

Once the forecast intensities have been
derived, the horizontal distribution of
destructive winds (greater than 30-,
50~ and 100-knots) is determined. The most
recent wind radii and associated asymmetries
are deduced from all available surface wind
cbservations and reconnaissance aircraft
reports. Based on the current wind distri-
bution, preliminary estimates of future wind
radii are provided by an empirically derived
objective technique. These estimates may be
subjectively modified based on the anticipated
interaction of the tropical cyclone's circu-
lation with forecast locations of large-scale
wind regimes and significant landmasses.

Other factors including the tropical cyclone's
speed of movement and possible extratropical
transition are considered.

7. WARNINGS

Tropical cyclone warnings are issued when
a definite closed circulation is evident and
maximum sustained surface winds are forecast
to increase to 34 knots (18 meters per
second) within 48 hours, or if the tropical
cyclone is in such a position that life or
property may be endangered within 72 hours.
Warnings may also be issued in other
situations if it is determined that there is
a need to alert military or civil interests
to conditions which may become hazardous in a
short period of time.

Each tropical cyclone warning is numbered
sequentially and includes the following
information: the position of the surface
center; estimate of the position accuracy
and the supporting reconnaissance (fix)
platforms; the direction and speed of move-
ment in the past six hours; the intensity and
radial extent of surface winds over 30-, 50-,
and 100-knots, when applicable. At forecast
intervals of 12-, 24—, 48- and 72-hours,
information on the tropical cyclone's antici-
pated position, intensity and wind radii is
also provided.

Warnings in the western North Pacific
and North Indian Ocean are issued every six
hours valid at standard synoptic times
(0000Z, 0600Z, 1200Z and 18002Z). All
warnings are released to the communications
network no earlier than synoptic time and
no later than synoptic time plus two and
one half hours so that recipients will have
a reasonable expectation of having all
warnings "in hand" by synoptic time plus
three hours (0300Z, 0900%Z, 1500Z and 2100Z).

Warning forecast positions are verified
against the corresponding "best track"”
positions (post-storm analysis to determine
actual path). A summary of the verification
results from 1983 is presented in Chapter IV.

8. PROGNOSTIC REASONING MESSAGES

For tropical storms and typhoons in the
western North Pacific Ocean, prognostic
reasoning messages are transmitted following
the 00002 and 1200Z warnings, or whenever
the previous reasoning is no longer valid.
This plain language message is intended
to provide meteorologists with the reasoning
behind the latest JTWC forecast.

In addition to this message, prognostic
reasoning information applicable to all
customers is provided in the remarks section
of warnings when significant forecast
changes are made or when deemed appropriate
by the TDO.



9. SIGNIFICANT TROPICAL
WEATHER ADVISORY

This product contains a general,
non-technical description of all tropical
disturbances in the JTWC area of responsi-
bility and an assessment of their potential
for further (tropical cyclone) development.
In addition, all tropical cyclones in
warning status are briefly discussed. This
message is issued by 0600Z daily and is
reissued whenever the situation warrants.

10. TROPICAL CYCLONE
FORMATION ALERT

Formation alerts are issued whenever
interpretation of satellite imagery and
other meteorological data indicates that
the formation of a significant tropical
cyclone is likely. These formation alerts
will specify a valid period not to exceed
24 hours and must either be cancelled,
reissued, or superseded by a tropical
cyclone warning prior to the expiration of
the valid time.



CHAPTER Il - RECONNAISSANCE AND FIXES

1. GENERAL

The Joint Typhoon Warning Center depends
on reconnaissance to provide necessary,

accurate, and timely meteorological information

in support of each warning. JTWC relies
primarily on three reconnaissance platforms:
aircraft, satellite, and radar. In data

rich areas synoptic data are also used to
supplement the above. Optimum utilization of
all available reconnaissance resources is
obtained through the Selective Reconnaissance
Program (SRP); various factors are considered

in selecting a specific reconnaissance platform

including capabilities and limitations, and
the tropical cyclone's threat to life/property
afloat and ashore. A summary of reconnais-
sance fixes received during 1983 is included
in Section 6 of this Chapter.

2. RECONNAISSANCE AVAILABILITY

a. Aircraft

Aircraft weather reconnaissance in
the JTWC area of responsibility is performed
by the 54th Weather Reconnaissance Sguadron
(54th WRS) located at Andersen Air Force
Base, Guam. The 54th WRS is presently
equipped with six WC-130 aircraft and, from
July through October, is augmented by the
53rxrd WRS from Keesler Air Force Base,
Mississippi, bringing the total number of
available aircraft to nine. The JTWC
reconnaissance regquirements, provided daily
throughout the year to the Tropical Cyclone
Aircraft Reconnaissance Coordinator (TCARC),
include system(s) to be fixed, fix times,
and forecast positions for each fix. The
following priorities are utilized in
acquiring meteorological data from reconnais-
sance aircraft in the western North Pacific
area in accordance with USCINCPACINST
3140.1 (series):

(1) Investigative flights and
vortex or center fixes.

(2) Synoptic data acguisition
in support of tropical cyclone warnings.

(3) Supplementary fixes on
tropical cyclones.

As in previous years, aircraft reconnais-
sance provided direct measurements of height,
temperature, flight-level winds, sea level
pressure, estimated surface wind (when
observable), and numerous additional para-
meters. The meteorological data are gathered
by the Aerial Reconnaissance Weather Officers
(ARWO) and dropsonde operators of Detachment
4, Hq AWS, who fly with the 54th WRS. These
data provide the Typhoon Duty Officer (TDO)
with indications of changing tropical cyclone
characteristics, radii of associated winds,
and current tropical cyclone position and
intensity. Another important aspect is the
availability of the data for research on
tropical cyclone analysis and forecasting.

b. Satellite

Satellite fixes from USAF/USN ground
sites and USN ships provide day and night

Interpretation of this satellite imagery
provides tropical cyclone positions and
estimates of current and forecast intensities
through the Dvorak technique.

¢c. Radar

Land radar provides positioning data on
well developed tropical cyclones when in the
proximity (usually within 175 nm (324 km)) of
the radar sites in the Philippines, Taiwan,
Hong Kong, Japan, South Korea, Kwajalein, and
Guamn.

d. Synoptic

In 1983 JTWC also determined tropical
cyclone positions based on the analysis of the
surface/gradient level synoptic data. These
positions were helpful in situations where
the vertical structure of the tropical cyclone
was weak or accurate surface positions from
aircraft were not available due to flight
restrictions.

3. AIRCRAFT RECONNAISSANCE
SUMMARY

buring the 1983 tropical season, the

JTWC levied 157 vortex fixes and 53 investi-
gative missions of which 4 were flown into
disturbances which did not develop. In ad-
dition to the levied fixes, 168 supplemental
fixes were also obtained. The average
vector error for all aircraft fixes received
at the JTWC during 1983 was 13 nm (24 km).

Aircraft reconnaissance effectiveness

is summarized in Table 2-1 using the criteria
set forth in USCINCPACINST 3140.1 (series).

TABLE 2-1. AIRCRAFT RECONNAISSANCE EFFECTIVENESS

NUMBER OF

EFFECTIVENESS LEVIED FIXES PERCENT

COMPLETED ON TIME 146 9
EARLY

LATE

MISSED

3.
0.
4.
1

TOTAL 100.0

LEVIED V5. MISSED FIXES

LEVIED MISSED PERCENT
AVERAGE 1965-1970 507 10
1971 802 61
1972 624 126
1973 227 13
1974 358 30
1975 217 7
1976 317 11
1977 203 3
1978 290 2
1979 289 14
1980 213 4
1981 201 3
1982 276 17
1983 157 3
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4. SATELLITE RECONNAISSANCE SUMMARY

The Air Force provides satellite
reconnaissance support to JTWC using imagery
from a variety of spacecraft. The tropical
cyclone satellite surveillance network
consists of both tactical and centralized
facilities. Tactical DMSP sites are located
at Nimitz Hill, Guam; Clark AB, Republic of
the Philippines; Kadena AB, Japan; Osan
AB, Korea; and Hickam AFB, Hawaii. fThese
sites provide a combined coverage that
includes most of the JTWC area of responsi-
bility in the western North Pacific from near
the dateline westward to the Malay Peninsula.
The Naval Oceanogravhy Command Detachment,
Diego Garcia, provides NOAA polar-orbiting
coverage in the central Indian Ocean as a
supplement to Air Force Global Weather
Central (AFGWC) support in this data sparse
region. U.S. Navy ships equipped for direct
readout also provide supplementary support.

AFGWC, located at Offutt AFB, Nebraska,
is the centralized member of the tropical
cyclone satellite surveillance network. 1In
support to JIWC, AFGWC processes stored
imagery from DMSP and NOAA spacecraft.
Imagery processed at AFGWC is recorded on-
board the spacecraft as it passes over the
earth. Later, these data are downlinked to
AFGWC via a network of command/readout sites
and communications satellites. This enables
AFGWC to obtain the coverage necessary to
fix all tropical systems of interest to
JTWC. AFGWC has the primary responsibility
to provide tropical cyclone surveillance
over the entire Indian Ocean and portions of
the western North Pacific on both sides of
the dateline, Additionally, AFGWC can be
tasked to provide tropical cyclone positions
in the western North Pacific and South
Pacific as backup to coverage routinely
available in those regions.

The hub of the network is Det 1. 1WWw,
colocated with JTWC on Nimitz Hill, Guam.
Based on available satellite coverage, Det 1
coordinates satellite reconnaissance require-
ments with JTWC and tasks the individual
network sites for the necessary tropical
cyclone fixes. Therefore, when a position
from a polar-orbiting satellite is regquired
as the basis for a warning, called a "levied
fix", a dual-site tasking concept is applied.
Under this concept, two sites are tasked to
fix the tropical cyclone from the same
satellite pass. This provides the necessary
redundancy to virtually guarantee JTWC a
successful satellite fix on the tropical
cyclone. Using this dual-site concept, the
satellite reconnaissance network is capable
of meeting all of JIWC's levied satellite
fix requirements.

The network provides JTWC with several
products and services. The main service is
one of surveillance. Each site reviews its
daily satellite coverage for indications of
tropical cyclone development. If an area
exhibits the potential for development, JTWC
is notified. Once JTWC issues either a
formation alert or warning, the network is
tasked to provide three products: tropical
cyclone positions, intensity estimates, and
24-hour intensity forecasts. Satellite
tropical cyclone positions are assigned
position code numbers (PCN) depending on the
availability of geography for precise
gridding, and the degree of organization of
the tropical cyclone's cloud system (Table
2-2). During 1983, the network provided
JTWC with a total of 1755 satellite fixes
on tropical systems in the western North
Pacific. Another 70 were made for tropical
systems in the North Indian Ocean. A com-
parison of those fixes made on numbered
tropical cyclones in the western North
Pacific with their corresponding JTWC best
track positicns is shown in Table 2-3.
Estimates of the tropical cyclone's current
intensity and a 24-hour intensity forecast
are made once each day by applying the
Dvorak technique (NOAA Technical Memorandum
NESDIS 45 as revised) to visual imagery.

A similar technique using enhanced infrared
imagery is under development.

Three polar orbiters were available
throughout the season. Figure 2-1 shows
the status of operational polar orbiters.
DMSP F-7 became operational in December and
should be of benefit in 1984.

Figure 2-1.

POLAR ORBITERS FOR 1983

NOAA 6 (0730 LST)

NORAA 7 (1506 LST)

NOAA 8 (0730 LST)

*F6 {0615 LST)

*F7 (1010 LsT) .-
JFMAMJJASON

LST = Local Sun Time

* DMSP Spacecraft

«+...Post launch
Operational

TABLE 2-2. POSITION CODE NUMBERS

METHOD OF CENTER DETERMINATION/GRIDDING

EYE/GEOGRAPHY
EYE/EPHEMERIS

WELL DEFINED CC/GEOGRAPHY
WELL DEFINED CC/EPHEMERIS

POORLY DEFINED CC/GEOGRAPHY
POORLY DEFINED CC/EPHEMERIS

CC = Circulation Center




CYCLONE POSITIONS FROM THE JTWC BEST TRACK POSITIONS.
NUMBER OF CASES (IN PARENTHESES).

WESTERN NORTH PACIFIC OCEAN

1974-1982 AVERAGE

(ALL SITES) (ALL
13.5
12.9
19.1
18.2
35.8
36.2

(537)
(376)
(765)
(413)
(1839)
(1049)

13.0
16.7
21.6
22.5
35.3
32.3

13.3
18.9
36.0

(913)
(1178)
(2888)

13.7
21.8
34.4

RADAR RECONNAISSANCE SUMMARY

Fourteen of the 25 significant tropical
cyclones in the western North Pacific during
1983 passed within range of land based
radars with sufficient cloud pattern organ-
ization to be fixed. The land radar fixes
that were obtained and transmitted to
JTWC totaled 359.

5.

The WMO radar code defines three
categories of accuracy: good (within 10 km
(5 nm)), fair (within 10 to 30 km (5 to 16
nm)), and poor {within 30 to 50 km (16 to
23 nm)). This year, 359 radar fixes were
coded in this manner; 179 were good, 122
fair, and 58 pooxr. Compared to the JTWC
best track, the mean vector deviation for
land radar sites was 17 nm (32 km).
Excellent support through timely and accurate
radar fix positioning allowed JTWC to track
and forecast tropical cyclone movement
through even the most difficult and erratic
tracks.

As in previous years, no radar reports
were received on North Indian Ocean tropical
cyclones.

6. TROPICAL CYCLONE FIX DATA

A total of 2541 fixes on 25 western
North Pacific tropical cyclone and 70 fixes
on three North Indian Ocean tropical cyclones
were received at JTWC. Table 2-4, Fix
Platform Summary, delineates the number of
fixes per platform for each individual trop-
ical cyclone. Season totals and percentages
are also indicated.

Annex A includes individual fix data for
each tropical cyclone. Fix data are divided
into four categories: Satellite, Aircraft,
Radar, and Synoptic. Those fixes labelled
with an asterisk (*) were determined to be
unrepresentative of the surface center and
were not used in determining the best tracks.
Within each category, the first three columns
are as follows:

FIX NO. - Sequential fix number

TIME (Z)
and minutes

- GMT time in day, hours

1983

SITES)
(106)
{ 24)
(167}
{ 46)
(218)
( 88)
(130)
(213)
(306)

NORTH INDIAN OCEAN
1980-1982
(ALL SITES)

1983
(ALL SITES)

15.9

9.0
25.1
19.1
32.9
35.4

(27)
( 4)
(9
( 3)
(65)
(64)

(0)
(0)
(2)
( 2)
(22)
(19)

15.0
23.6
34.1

(31)
(12)
(129)

(0)
( 4)
(41)

FIX POSITION - Latitude and
to the nearest tenth of a degree

longitude

Depending upon the category, the remainder

of the format varies as follows:
Satellite

(1) ACCRY - Position Code Number
(PCN) is used to indicate the accuracy of
the fix positon. A "1" indicates relatively
high accuracy and a "6" relatively low
accuracy.

a.

(2) DVORAK CODE - Intensity
evaluation and trend (Figure 2-2, Table 2-5).
(For specifics, refer to NORA TM; NESDIS-45).

(3) COMMENTS - For explanation of
abbreviations, see Appendix I.

{4) SITE - ICAO call sign of the

specific satellite tracking station.
b. Aircraft

(1) FLT LVL ~ The constant pressure
surface level, in millibars or altitude, in
feet, maintained during the penetration.
The normal level flow in developed tropical
cyclones, due to turbulence factors, is
700 mb. Low-level missions are normally
flown at 1500 ft (457 m).

(2) 700 MB HGT - Minimum height
of the 700 mb pressure surface within the
vortex recorded in meters.

(3) OBS MSLP - If the surface
center can be visually detected (e.g., in
the eye), the minimum sea level pressure is
obtained by a dropsonde release above the
surface vortex center. If the fix is made
at the 1500-foot level, the sea level
pressure is extrapolated from that level.

(4) MAX-SFC-WND - The maximum
surface wind (knots) is an estimate made by
the ARWO based on sea state. This ocbserva-
tion is limited to the region of the flight
path and may not be representative of the
entire tropical cyclone. Availability of
data is also dependent upon the absence of



TABLE 2-4. FIX PLATFORM SUMMARY FOR 1983

FIX PLATFORM SUMMARY

WESTERN NORTH PACIFIC AIRCRAFT SATELLITE RADAR SYNOPTIC

(01wW) 49
{02W) 54
(03wW) 103
(04W) 54
(05W) 184
(06W) 55
(07W) 29
(08w) 82
(o9w) 20
(1ow) 153
(02¢C) 22
(11w) 127
(12W) 43
(13w) 47
(14W) 57
(15W) 60
(16W) 65
(17W) 96
(isw) 96
(19W) 29
{20w) 94
(21W) 72
(22w) 77
(23W) 43
(24W) 44

% OF TOTAL
NR OF FIXES

INDIAN OCEAN SATELLITE SYNOPTIC

TC 0lA 7
TC 02B 23
TC 03B 40

TOTAL

% OF TOTAL
NR OF FIXES
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Extmple: T3.5/4.54/W1.5/24HRS

Figure 2-2. The cwvient T-number {8 3.5 but £he
cunnent intensity estimate {s 4.5 (equivakent to 77 kt).
The cloud system has weakened by 1.5 T-numbers since the
previous evaluation conducted 24 howrs earlien. The
plus ( + ) symbol indicates an expected reversal

of the Weakening trend on very Little furthern weakening
0§ the troplcal cyclone during the next 24-hour period.

TABLE 2-5. MAXIMUM SUSTAINED WIND SPEED (KT)
AS A FUNCTION OF DVORAK CI & FI
(CURRENT & FORECAST INTENSITY)
NUMBER AND MINIMUM SEA LEVEL
PRESSURE (MSLP)

TROPICAL CYCLONE WIND MSLP
INTENSITY NUMBER SPEED {NW PACIFIC)

25
25
30
35
45
55
65
77
920
102
115
127
140
155
170

1
1
2
2
3
3
4
4
5
5
6
6
7
7
8

-
.
-
.
.
-
.
-
.
-
-

0
5
0
5
0
5
0
5
0
5
4]
5
0
5
0

undercast conditions and the presence of
adequate illumination. The positions of the
maximum flight level wind and the maximum
observed surface wind do not necessarily
coincide.

(5) MAX-FLT-LVL-WND - Wind speed
{knots) at flight level is measured by the
AN/APN 147 doppler radar system aboard the
WC-130 aircraft. This measurement may not
represent the maximum flight level wind
associated with the tropical cyclone because
the aircraft only samples those portions of
the tropical cyclone along the flight path.
In many instances, the flight path is
through the weak sector of the tropical
cyclone. 1In areas of heavy rainfall, the
doppler radar may track energy reflected
from precipitation rather than from the sea
surface, thus, preventing accurate wind
speed measurement. In obvious cases, such
erroneous wind data will not be reported.
In. addition, the doppler radar system on

the WC-130 restricts wind measurements to
drift angles less than or equal to 27 degrees
if the wind is normal (perpendicular) to the
aircraft heading.

(6) ACCRY - Fix position accuracy.
Both navigational (OMEGA and LORAN) and
meteoroclogical (by the ARWO)estimates are
given in nautical miles.

{7) EYE SHAPE -~ Geometrical
representation of the eye based on the
aircraft radar presentation. The eye shape
is reported only if the center is 50 percent
or more surrounded by wall cloud.

(8) EYE DIAM/ORIENTATION - Diameter
of the eye in nautical miles. When an
elliptical eye is present, the lengths of
the major and minor axes and the orientation
of the major axis are respectively listed.
When concentric eye walls are present, each
diameter is listed.

c. Radar

(1) RADAR - Specific type of
platform (land, aircraft, or ship) utilized
for fix.

(2) ACCRY -~ Accuracy of fix
position (good, fair, or poor) as given in
the WMO ground radar weather observation code
(FM20-V) .

(3) EYE SHAPE - Geometrical
representation of the eye given in plain
language {(circular, elliptical, etc.).

(4) EYE DIAM - Diameter of eye
given in kilometers.

(5) RADOB CODE - Taken directly
from WMO ground weather radar observation
code FM20-V, The first group specifies the
vortex parameters, while the second group
describes the movement of the vortex center.

(6) RADAR POSITION - Latitude and
longitude of tracking station given in tenths
of a degree.

{(7) SITE - WMO station number of
the specific tracking station.



CHAPTER Ill - SUMMARY OF TROPICAL CYCLONES

1. WESTERN NORTH PACIFIC TROPICAL CYCLONES

During 1983, the western North Pacific
experienced the fifth consecutive year of
below average tropical cyclone activity.
Twenty-five tropical cyclones occurred in
1983, six and one-half less than the annual
average. Only two significant tropical

cyclones failed to develop beyond the tropical

depression (TD) stage and eleven tropical
storms (TS) failed to reach typhoon inten-
sity. Of the 12 tropical cyclones that
developed to typhoon (TY) intensity, four
reached the 130 kt (67 m/s) intensity neces-

sary to be classified as super typhoons (STY).

In the western North Pacific, tropical cyclones

reaching tropical storm intensity oxr greater

are assigned names in alphabetical order from

TABLE 3-1.

1983 SIGNIFICANT TROPICAL CYCLONES

CALENDAR NUMBER OF MAXIMUM
DAYS OF
TROPICAL CYCLONE PERIOD OF WARNING WARNING

0lW TS SARAH 24 JUN - 26 JUN

02C TC 02C 31 AUG - 2 SEP

02W TY TIP 10 JUL - 13 JUL

03W TY VERA 12 JuL 18 JUL

04w 22 JuL 25 JUL

05w 5 17 AUG

06W CARMEN 12 15

[ BEN 12 15

8w DOM 19 26

09w 09w 26 27

10w ELLEN 29 9

11w FORREST 20 29

12w GEORGIA 29 1

13W - HERBERT 7 B
IDA 7 11
JOE 10 13
KIM 16 20
LEX 22 26
MARGE 31 7
NORRIS 9 11
ORCHID 17 27
PERCY 19 24
RUTH 23 30
SPERRY 2 5
THELMA 16 18

W o v U oe N W

[
[

WARNINGS
ISSUED

6

5
14
25
14
51
11
12
23

4
47
32
11

8
15
15

3
18
27

7
38
23
16
10
10

a list of alternating male/female names
(refer to Appendix 3). Table 3-1 provides a
summary of key statistics for western North
Pacific tropical cyclones. Each tropical
cyclone's maximum surface wind (in knots)
and minimum observed sea level pressure (in
millibars) were obtained from best estimates
based on all available data. The distance
traveled {(in nautical miles) was calculated
from the JTWC official best tracks (see
Annex A).

Tables 3-2 through 3-5 provide further
information on the monthly distribution of
tropical cyclones and statistics on Tropical
Cyclone Formation Alerts and Warnings.

WESTERN NORTH PACIFIC

BEST TRACK
DISTANCE
TRAVELED

SURFACE
WINDS _ (KT)
35 999
30 1010
65 978
90 952
920
888
992
989
995
996

OBSERVED

MSLP  (MB) NM)

1948
773
1206
2546
1739
2031
1186
968
1859
522
4462
2191
825
445

1983 TOTALS: 111*

* OQVERLAPPING DAYS INCLUDED ONLY ONCE IN SUM

1"




TABLE 3-2.

1983 SIGNIFICANT TROPICAL CYCLONES
WESTERN

NORTH PACIFIC
(1959-1982)

TROPICAL
DEPRESSIONS 0 0 0 0 0 0 0 2 0 0 i 0 2 3.9 93

TROPICAL STORMS 0 0 0 0 0 1 0 3 1 2 2 2 11 9.7 232
TYPHOONS

0 0 0 0 0 0 3 2 1 4 2 0 12 17.8 428

ALL TROPICAL
CYCLONES 0 4} 0 0 4] 1 3 7 2 6 4 2 25 31.4 753

1959-1982
AVERAGE
CASES

PREVIOUS
24-YEAR
HISTORY

.3
8

.8
18

.9
22

1.4
33

2.0
48

5.0
119

6.2
149

5.9
142

4.4
105

2.6
63

1.4
33

31.4
753

FORMATION ALERTS: 25 of 31 Formation Alerts developed into significant tropical cyclones.
Tropical Cyclone Formation Alerts were issued for all significant tropical
cyclones that developed during 1983.

WARNINGS: Number of warning days: 111

Number of warning days with
two tropical cyeclones in region: 18

Number of warning days with three
or more tropical cyclones in region:

TABLE 3-3.
FREQUENCY OF TYPHOONS BY MONTH AND YEAR

YEAR

(1945-1958)
AVERAGE .4 .1 .3 .4 .7 1.1 2.0 2.9 3.2 2.4 2.0

w

1959 0 0 0 1 ] 0 1 5 3 3 2 2 17
1960 0 0 0 1 0 2 2 8 0 4 1 1 19
1961 0 0 1 0 2 1 3 3 5 3 1 1 20
1962 0 0 0 1 2 0 5 7 2 4 3 0 24
1963 0 0 0 1 1 2 3 3 3 4 0 2 19
1964 [t} 0 0 0 2 2 6 3 5 3 4 1 26
1965 1 0 0 1 2 2 4 3 5 2 1 0 21
1966 0 0 0 1 2 1 3 6 4 2 0 1 20
1967 0 0 1 1 0 1 3 4 4 3 3 0 20
1968 0 0 0 1 1 1 1 4 3 5 4 Q 20
1969 1 0 0 1 0 0 2 3 2 3 1 0 13
1970 0 1 0 1] 0 1 0 4 2 3 1 0 12
1971 0 0 0 3 1 2 6 3 5 3 1 0 24
1972 1 0 1} 0 1 1 4 4 3 4 2 2 22
1973 0 0 0 0 0 ] 4 2 2 4 0 0 12
15974 0 0 0 0 1 2 1 2 3 4 2 0 14
1975 1 0 0 0 0 0 1 3 4 3 2 0 15
1976 1 0 0 1 2 2 2 1 4 1 1 0 15
1977 0 0 0 0 0 0 3 0 2 3 2 1 11
1978 0 0 0 1 0 0 3 2 4 3 2 0 15
1979 1 0 1 1 0 4] 2 2 3 2 1 1 14
1980 0 0 0 0 2 0 3 2 5 2 1 0 15
1981 0 0 1 0 0 2 2 2 4 1 2 2 16
1982 0 0 2 0 1 1 2 5 3 3 1 1 19
1983 0 0 0 4] 0 0 3 2 1 4 2 0 12

(1958-1983)
AVERAGE .2 .04 .2 .6 .8 .9 2.8 3.3 3.2 3.0 1.6

CASES 69 83

.
=,

17.4

12



TABLE 3-4.
FREQUENCY OF TROPICAL STORMS AND TYPHOONS BY MONTH AND YEAR

YEAR

{1945-1958)
AVERAGE

.
S
.
-
.
'S
.

5 .8 1.3 3.0 3.9 4.1 3.3 2.7

[
.
[

1959
1960
1961
1962
1963
1964

26
27
31
30
25
40

COHMO W
cooror
© 1 et bt bt
DWONWO
gae oUW W
Ww-l oo
LT EERT NN
AOWHHN
Wl R

1965
1966
1967
1968
1969
1970

34
30
35
27
19
24

CHHOHON COoOOrOoO

OO
O b e
NO W
Nwwanho o,
OV G0 OO 00 O
AN RN SN
MWW
OO

1971
1972
1973
1974
1975
1976

35
30
21
32
20
25

NO O CoHRNMN NHENWHD
W whN N W NN

MO NMOWE

1977
1978
1979
1980
1981
1982

19
28
24
24
28
26
23

OO COQOO RPOOOOO HFOOOON

COOOHHE HHEFQKHK
OCWHOMOQH OORPRCoH
CONMHRMEO NOROOW
HFLWNHOWH NORQWN
WhUid b BNB-JO®
(SN RN N R RN Ny N6, N N
MBI UIUT LA N &G
VW hwisd U &0

OHOBHOO
MHWHRNWN
N=NHNO M

.3 .6 .8 1.2 1.6 4.4 5.4 4.9 4.0 2.5 1.2 27.3
7 14 21 29 40 111 135 122 100 62 30 683

FORMATION ALERT SUMMARY

WESTERN NORTH PACIFIC

ALERT SYSTEMS TOTAL
NUMBER WHICH BECAME NUMBERED
OF ALERT NUMBERED TROPICAL DEVELOPMENT
YEAR SYSTEMS TROPICAL CYCLONES CYCLONES RATE

1972 41 29 32 71%
1973 26 22 23 85%
1974 35 30 36 86%
1975 34 25 25 74%
1976 34 25 25 74%
1877 26 20 21 77%
1978 32 27 32 84%
1979 27 23 28 85%
1880 37 28 28
1981 29 28 29
1982 36 26 28
1983 31 25 25

{1972-1983)
AVERAGE

CASES

13
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TROPICAL STORM SARAH (01W)

The formation of Tropical Storm Sarah
in the South China Sea during late June
marked the beginning of the 1983 tropical
cyclone season for the northwestern Pacific.
This was the latest season-opener since 1973
when JTWC issued its first warning of the
year in July.

The disturbance that was to eventually
spawn Sarah was first detected using satel-
lite imagery on 16 June. It was described
on that day in the Significant Tropical
Weather Advisory (ABEH PGTW) as a poorly
organized area of convection centered near
5N 145E.

An upper-level trough located 600 nm
(1111 km) to the northwest contributed to
the formation of an area of strong upper-
level divergence which appeared to be
associated with the convection, As the .
upper-level trough pushed westward over the
next few days, the area of enhanced convec-
tion maintained its relative position to
the southeast and moved west as well.

It was not until the 19th that a weak
surface circulation became apparent from
satellite imagery near 6N 136E in the low-
level easterly flow. This circulation was
located along the southern tip of a narrow
band of heavy convection extending northward
to near the position of the upper-level
trough. Aas the circulation moved westward,
the strongest area of convection remained
well to the north. A TCFA was issued at
2019302 when it became apparent from satel~
lite imagery that the convection had become
more organized around the circulation and
that an upper-level anticyclone had developed
over the system. However, the ensuing day-~
light aircraft investigative mission, at
2100252 found only a weakly defined, 1009 mb
surface circulation with winds in excess of
15 kt (8 m/s) observed only in the trade
wind flow to the north of the circulation.

Convective activity associated with the
circulation persisted and increased sharply
as the circulation approached the northern
tip of Mindanao. The system was continued

in alert status and monitored closely as it
crossed the southern Philippines. Synoptic
data during this interval indicated the
presence of a weak 10-15 kt (5-8 m/s) dis-
turbance which was difficult to track as it
crossed the islands. The formation alert
was cancelled at 2204452 when satellite
imagery indicated that the system had lost
its upper-level anticyclone and that its
convection had broken up over the moun-
tainous terrain.

Over the next two days the remaining
weak surface circulation was observed moving
westward into the South China Sea. Convec-
tion associated with the circulation was
unorganized and strong upper-level north-
easterly flow presented a shearing environ-
ment that was not considered favorable for
further development.

The third, and final, formation alert
on this system was issued at 2409302 after
convective activity associated with the
circulation underwent a marked increase in
intensity and organization. Continued
intensification, evident from satellite
imagery, combined with synoptic reports
indicating the presence of 25-30 kt
(13-15 m/s) winds, prompted the issuance of
the first warning of the 1983 season at
241830%.

Tropical Storm intensity was reached
12 hours later as Sarah drifted northwest-
ward toward Vietnam. Figure 3-01-1 shows
Sarah near maximum intensity off the coast
of Vietnam. Further intensification was
prevented by intense vertical shear--
satellite-derived winds up to 45 kt (23 m/s)
over the system--which displaced Sarah's
convection to the west.

Under the effects of this hostile
shearing environment, Sarah was not able to
maintain vertical organization and weakened
while approaching the coast of Vietnam.

The final warning was issued at 2603002 as
Sarah, a fully exposed low~level circulation,
moved inland north of Hue and dissipated
rapidly.

Figwe 3-01-1. Taopical Stonm Sarah at maximum
intensity approaching the coast of Vietnam,
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TYPHOON TIP (02W)

During late June and early July several
tropical disturbances were monitored by JTWC
All of these, with the exception of Tropical
Storm Sarah (01W), originated in the
Philippine Sea and moved westward without

developing into significant tropical cyclones.

The combination of the rugged Philippine
terrain and strong upper-level flow in the
South China Sea was sufficient deterrent to
development.

On & July another disturbance became
evident in the Philippine Sea as a persist-
ent area of convective activity near 8N
134 E. Synoptic data indicated that the
disturbance was poorly organized with an
MSLP of 1008 mb.

On the following day, the disturbance
was located near 11N 129E and appeared
somewhat more organized on satellite imagery.
A weather reconnaissance aircraft on an
investigative mission east of Samar was
unable to locate a closed circulation, but
found a broad area of low presures with
maximum surface winds of 25 kt (13 m/s) and
MSLP of 1004 mb. In spite of the apparent
absence of a well defined surface circula-
tion, a TCFA was issued at 090841%. The
alert was issued because the disturbance was
entering an area of strong upper-level
divergence associated with a TUTT cell to
the northeast. JTWC continued to monitor

this disturbance as it moved rapidly aqross
the Philippines, however synoptic data from
Philippine land stations indicated that the
disturbance remained loosely organized.

Figuwie 3-02-1. Typhoon Tip at maximum intensity in
the South China Sea. Note the effects of the strong
upper-Level glow, displacing Tip's convection to the
southwest and exposing the Low-Level cinculation s
(1106442 NOAA 7 visual imageny).
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The first warning was issued as the
disturbance, now tropical depression 02W,
entered the South China Sea north of Mindoro.
Synoptic data indicated the presence of a
well defined surface circulation with 30 kt
(15 m/s) winds and MSLP of 998 mb. From the
initial warning, movement to the northwest
toward Hainan Island was forecast, with
continued intensification and then weakening
late in the period. This forecast scenario
was based on the expectation that the mid-
level easterly steering currents and strong
vectical shear in the area whould persist
through the forecast period.

Tip lived up to expectations, moving as
expected and achieving typhoon intensity at
111200z. Figure 3-02-1 shows Tip near
maximum intensity on the 1llth. The effects
of the strong upper-level flow are apparent
as Tip appears as an exposed low-level
circulation with its convection displaced to
the southwest. The circulation appearing
on the right hand side of the picture is the
disturbance which later developed into
Typhoon Vera (03W). Figure 3-02-2 is the
200 mb analysis for the area at the time of
Tip's maximum intensity. Note the strong
northeasterly flow over Tip and the diver-
gent area in which Tip formed to the east.

After attaining maximum intensity of
65 kt (33 m/s) on the 1lth, Tip continued
to move northwestward and weakened as an
exposed low-level circulation. Tip made
landfall near Chan Chiang, China on the 13th
with maximum sustained winds of 30 kt
(15 m/s) and dissipated rapidly over land.

" s o 28 = 135t i3 ™

5

Figure 3-02-2. 1112002 July 200 mb analysis. Note
sinong nontheastenty gflow in the South China Sea.
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TYPHOON VERA (03W)

In the week that preceded the develop-
ment of Typhoon Vera, the monsoon trough
extended eastward from the Philippines to
160E as a nearly continuous zone of light
surface winds and unorganized convection.
However, on 4 July, surface westerlies in-
creased to 15 kt (8 m/s) south of the trough
and one circulation center, located near
Truk Atcll (WMO 91334) became a persistent
feature on JTWC gradient~level charts. A
noticeable change in convective activity
was observed on 8 July, as two distinct
cloud masses began to develop within the
monsoon trough. This change occurred as
two upper-tropospheric cyclones intensified
over the Philippine Sea, one east of Luzon
about 125E and the other west of Guam about
140E. The upper cyclones increased the
upper-level divergeace near both convective
disturbances and were instrumental in sus-
taining the development of each during the
subsequent three day period. The western-
most disturbance became Typhoon Tip (02W)
and the disturbance which moved northwest-
ward from the Truk area became Typhoon Vera.

The first of two TCFAs on Vera was
issued at 1006002, when satellite imagery
and 200 mb wind data indicated that a well-
defined upper-level circulation had
developed over the system. Development of
a well-defined surface circulation was slow
and the formation alert was reissued at
1106002 after a reconnaissance aircraft
investigative mission could not locate a
circulation center in the low-level wind
field. Figure 3-03-1 shows the suspect dis-

turbance as it appeared on satellite imagery
at the time of this reconnaissance mission.
Twenty—-four hours later, the initial warning
was issued for Tropical Depression 03W when
data from the next reconnaissance aircraft
mission indicated a closed surface circula-
tion with 30 kt (15 m/s) winds and a 1004

mb central sea level pressure.

During the first 36 hours in warning
status, Vera intensified quite rapidly and
reached typhoon strength by 1318002. During
this period, Vera slowed from an average
speed of 12 kt (22 km/hr) to less than 6 kt
(11 km/hr). In fact, during one 12-hour
period (1212002 to 130000%), virtually all
fix positions were within a 30 nm(56 km)
area. On 13 July, Vera turned toward the
west-northwest and the central Philippines
with the speed of movement increasing to
12 kt (22 km/hr). Vera skirted the north-
eastern portion of the island of Samar at
1400002, with maximum sustained surface
winds near 75 kt (39 m/s). Figure 3-03-2
shows Typhoon Vera as it entered the
Philippines near the island of Samar.
Forecasts from this point forward antici-
pated that Vera would weaken as it tracked
through the Philippines. However, satel-
lite imagery continued to indicate an
increase in Vera's central cloud features
until it reached the rugged terrain east of
Manila at 150000Z. Vera then moved into
Manila Bay, packing winds near 60 kt
(31 m/s), and brought extensive flooding
into low-lying areas of the Bay, especially

i

e {f, »

Figure 3-03-1, Typhoon Vera developing 160 nm
(296 km) nonth of Koron at the time that the second

formation akert was issued.

Typhoon Tip is Located

to the west in the South China Sea (1106447 NOAA

7 visual imageny).



on Corregidor. Vera passed just southwest
of the Naval Air Station, Cubi Point, at
1506302 and into the South China Sea. In

its wake, Vera left thousands homeless,
nearly 100 people dead and extensive property
damage to the southern two-thirds of Luzon.

Track forecasts for Vera were quite good
except for an anticipated turn northward as
the system moved into the South China Sea.
Figure 3-03-3 depicts the 48-hour NOGAPS
‘700 mb prog valid for 161200Z and the verify-
ing analysis. The significant difference
between the prognostic chart and the analysis
was the extent and orientation of the sub-
tropical ridge over eastern China. The
prognostic fields suggested that a track

northward was possible; however, as Vera
moved west-northwestward into the South
China Sea, the ridge built westward and also
became narrower between 20N and 30N. As a
result, the forecast northward track never
materialized and Vera persisted on its west-
northwestward track.

on 17 July, as Vera approached Hai-Nan
Island, a peak intensity of 90 kt (46 m/s)
was attained. Crossing Hai-Nan and moving
into the northern portion of the Gulf of
Tonkin, Vera slowly weakened before making
landfall near Haiphong, Vietnam, at 18000032,
It then weakened rapidly over the mountainous
terrain of northern Vietnam.

Figure 3-03-2. Typhoon Vera, Located fust east of
Samar, with maximum winds near 70 kt {36 m/s).
(1322522 NOAA § visual .imagery).
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a. 48-HOUR 700mb PROG b. 700mb ANAL

Figure 3-03-3. NOGAPS 48-hour 700 mb prog la} and
verifying analysis |b) valid §on 1612002, Track
forecasts toward southern China were influenced by
a sernies of numenical progs which indicated that
a pronounced southerly fLow would develop in the
middle and Lower Levels over the South China Sea.
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SUPER TYPHOON WAYNE (04W)

Cyclogenesis of Super Typhoon Wayne
began in an elongated east-west surface
trough west of Truk (WMO 91334). Imitial
satellite imagery on 19 July at 1200Z indi-
cated a widespread area of poorly organized
convective activity supported by a weak
upper—~level anticyclone. This area remained
poorly developed until 1200Z on the 21st when
satellite imagery indicated the development
of an upper trough northwest of the system
(Figure 3-04-1) . This served to support the
development of the upper-level anticyclone.
Subsequent satellite imagery indicated an
increase in the organization and convective
activity of the system. Based on this evi-
dence and the potential for further develop-
ment, a TCFA was issued at 2121302. Initial
aircraft reconnaissance at 2204572 revealed
a weak tropical depression with an MSLP of
1005 mb and maximum surface winds of 25 kt
(13 m/s). The first warning on Wayne was
issued shortly thereafter at 2206302Z.

During the next 24 hours, Wayne more

i -

than doubled in intensity to 65 kt (32 m/s)
and began to track northwestward at 15 kt
(26 km/hr). Aircraft reconnaissance at
230830Z reported very high 700 mb heights
just prior to entering the eyewall of Wayne,
followed by an extremely sharp pressure
gradient on penetration to the center of the
system. Wayne continued to intensify
rapidly, again doubling in intensity over a
24 hour period as it moved westward along
the southern periphery of the subtropical
ridge. Maximum intensity of 135 kt (67 m/s)
occurred at 2406002 only two days after the
first warning on the system as a 25 kt

(13 m/s) tropical depression.

Wayne's rapid intensification is evident
in Figure 3-04-2. Note the generally good
agreement between Dvorak intensity estimates
and those from reconnaissance aircraft.
Figure 3-04-3 shows Wayne near maximum
intensity with a wall-developed anticyclone
and gravity waves evident in the cloud
features near the eye.

Figute 3-04-1, Overlay of 200 mb analysis with

satellite imagery

during early stages of development

of Supen Typhoon Wayne (2120397 Jubly DMSP ingrared

<mageny) .
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As Super Typhoon Wayne passed north of
Luzon, the low-level surface flow was dis-
rupted north of the storm by the topography
of Taiwan, setting up a leeside trough in
the Formosa Straits. Wayne responded to
this trough, taking a more northward track
and making landfall approximately 300 nm
(556 km) east of Hong Kong (WMO 45005).
Wayne struck the coast of China with typhoon
strength, but rapidly dissipated as it
moved inland over the mountainous terrain of
southeastern China.

JTWC was successful in forecasting
Wayne's track westward, but encountered pro-
blems forecasting speed of movement, which
averaged 15 kt (26 km/hr), and intensity,
which went from 25 kt (13 m/s) to 135 kt
(67 m/s) in just 48 hours. Wayne's rapid

intensification was a product of the support-
ive upper-level conditions which existed
throughout its lifetime. Wayne's initial
favorable position with respect to upper-
level features (5-7 degrees southeast of a
TUTT cell), was maintained throughout its
westward track resulting in the development
of well defined outflow channels to the
northeast and southwest.

Although Wayne did not make landfall in
the Philippines, high winds and torrential
rainfall associated with its peripheral
circulation brough destruction to areas far
removed from the center. At least twenty
people were killed and more than one hundred
were reported missing when a bridge
collapsed 300 nm (556 km} southeast of
Manila (WMO 98426).

140 INTENSITY ANALYSIS
47
120 At |
100 M2
| ¢D] 962}
60 : 979
“ \SAT =
BT SATY B
20
5? %z % 00 oo o6 1z 16 00 [T T g%

Figure 3-04-2, Satellife intemsity estimates
(Dvonak, 1973) and intensities measured by reconnais-
sance aineragt. Best track intensities are repre-

sented as a continuous Line.



Figure 3-04-3. Supen Typhoon Wayne at maximum
intensity - 135 Rt (67 m/s).
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SUPER TYPHOON

The tropical disturbance which eventu-
ally developed into the second super typhoon
of the season was first detected on satellite
imagery on 31 July as an area of enhanced
convective activity to the southeast of Guam.
This disturbance was located near 6N 152E in
close proximity to an upper-level anticyclone
Surface data indicated that a weak surface
circulation was centered approximately three
degrees to the north of the area of convec-
tion. Over the next nine days, this circula-
tion developed into an intense super typhoon
with maximum sustained winds of 145 kt
(75 m/s) and a massive circulation which was
the dominant synoptic feature in the western
Pacific. Abby's huge circulation system pro-
vided the environment for the development of
a second tropical system (Tropical Storm Ben),
and eventually caused the dissipation of Ben
and another tropical storm (Carmen).

The first four days of Abby's develop-
ment were unimpressive. The disturbance was
monitored closely during this period as it
moved slowly westward south of Guam.

Although diurnal variations in the convective
pattern associated with the disturbance made
it appear at times that the system was becom-
ing better organized, no consistent increase
in organization was apparent until 3 August.

ABBY (05W)

At 23002 on 3 August, a TCFA was issued for
an area to the south-southwest of Guam based
on the consistent increase in organization of
the system observed on satellite imagery.

A weather reconnaissance aircraft was
launched soon after the TCFA was issued, but
it was unable to close off a surface circula-
tion even though several hours were spent
investigating the suspect area. The mission
did succeed in locating a circulation at
flight level (1500 ft - 457 m), and at the
700 mb level.

The second aircraft reconnaissance mis-
sion was able to close off a surface circula-
tion the following morning at 0500343,
Maximum sustained winds observed were 30 kt
(15 m/s) and the MSLP was 1004 mb. On the
basis of this report, the first warning was
issued on the system as a tropical depression.
The forecast called for continued movement
towards the west-northwest with slow intensi-
fication.

Initial expectations proved reliable for
the first 24 hours in warning status. The
system was upgraded to a tropical storm at
0506002 on the basis of an increase in con-
vective organization apparent from satellite
imagery. At 060000Z Abby's intensity and
position were close to forecast expectations.

Figure 3-05-1. Super Typhoon Abby near maximum
Aintensity (0909462 August DMSP ingnared imagerey).



Abby started to move on a more north-
westward track after 060000z, even though all
JTWC forecast aids were indicating west-
northwestward movement. This was a problem
that persisted for the next 11 days. Abby
continually tracked to the right of JTWC
forecasts even though the forecast aids and
numerical progs were all consistently in good
agreement on a west-northwestward track for
Abby.

Intensity forecasting also proved to be
difficult. 1Initial expectations were guite
accurate for the first 48 hours in warning
status. As expected, Abby was upgraded to
typhoon at 0618002 when satellite imagery
indicated the presence of a weakness in the
central dense overcast. The presence of an
eye and the accuracy of the intensity esti-
mate by satellite were confirmed five hours
later by reconnaissance aircraft reports of
65 kt (33 m/s) winds and MSLP of 973 mb.

On the 7th of August, Abby began to
intensify rapidly, far exceeding initial
forecast expectations. Reconnaissance air-
craft at 0711412 reported a MSLP of 946 mb,

a decrease of 27 mb in approximately 12 hours.
Other data (MSLP and equivalent potential
temperature relationships (Dunnavan, 1%81))

collected on the aircraft reconnaissance
mission indicated that Abby was about to
undergo rapid intensification. The 0712002
warning called for continued rapid intensifi-
cation on the basis of this information.
This forecast proved to be accurate as Abby
continued to intensify rapidly over the next
30 hours reaching 120 kt (62 m/s}) intensity
within 12 hours and maximum intensity of

145 kt (75 m/s) at 081800Z. Abby's lowest
central pressure was recorded at 0820492
when dropsonde data from reconnaissance
aircraft indicated a measurement of 888 mb,
Figure 3-05-1 shows Abby near maximum
intensity. Except for minor fluctuations,
Abby's intensity decreased slowly and
steadily from this point on.

This decrease in intensity was accompa-
nied by a decrease in forward speed as Abby
began a slow northward movement for the next
two and one-half days. JTWC forecasts for
this two and one-half day period called for
slow movement to the north followed by a
turn to the northwest toward the island of
Okinawa. This forecast track was supported
by the FLENUMOCEANCEN numerical prog series
which indicated that the subtropical ridge
over southern Japan would strengthen and
induce a northwestward movement. An example
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of the prog series can be seen in Figure
3-05-2 which depicts the 850 mb prog series
for 0912002.

The intensification of the subtropical
ridge over Japan that was consistently
forecast in the prog series never occurred.
An extensive post~analysis of the height
fields over Japan and the islands to the
south of Japan indicated that the subtropicd
ridge weakened continuously in this area
over the eight day period following the
analysis in Figure 3-05-2.

On the 12th of August, Abby began
moving northeastward toward Honshu. Alsoc on
the 12th, two other tropical systems devel-
oped in the western Pacific; Tropical Storm
Carmen (06W) in the South China Sea west of
Luzon, and Tropical Storm Ben (07W) to the
east of Abby near 26N 146E. The interaction
of Abby's outflow with a TUTT cell to the
northeast created an area of intense upper-
level divergence under which Ben formed.

The presence of both of these smaller systems
had little effect on Abby, except for drawing
some of the inflow away; but in the end, it
was Abby which led to the demise of both Ben
and Carmen when they became embedded in
Abby's massive circulation.

As Abby continued its movement towards
the northeast, the forecast emphasis changed
from a northwest movement to that of a north-
northwest movement towards the island of
Kyushu. This forecast track was based on the
strengthening of the subtropical ridge to the
north and east of Abby; but as stated
earlier, the ridge did not strengthen and
Abby continued to move toward the northeast
and weaken slowly. Aircraft reconnaissance
data at 14103527 indicated that Abby's central
pressure had risen to 942 mb and that the
eyewall was beginning to deteriorate. Abby's
intensity fell below 100 kt (51 m/s) at
1418002 for the first time in 7 days.

Abby continued moving to the northeast
on the 15th of August with a slight increase
in forward speed. Application of an objec-
tive technique for predicting accelerxation
{(Weir, 1982) led to a forecast of rapid
acceleration to the north through central
Japan and extratropical transition over the
Sea of Japan. This was based on the expec-
tation that Abby would come under the
influence of strong southerly flow in advance
of a major trough over northern China. The
predicted acceleration never materialized
as an upper-level ridge developed over the
Sea of Japan to the northwest of Abby
(Figure 3-05-3) and effectively blocked
this interaction.

Japanese weather radar stations started
fixing Abby after 160000Z, with all of the
fixes showing continued northeast movement.
Data from reconnaissance aircraft, satellite
imagery, and synoptic reports indicated that
Abby was weakening as it underwent extra-
tropical transition. Abby was downgraded to
tropical storm at 1700002 and soon after
made landfall near Hamamatsu Japan
(WMO 47654). After making landfall, Abby
moved eastward following the rugged terrain
toward Tokyo, weakening rapidly as it inter-
acted with the mountains. At 1712002,
satellite imagery and synoptic data indicated
that Abby had completed extratropical
transition, and the final warning by JTWC
was issued.

Abby's movement through central Japan
caused serious damage over a widespread area.
Initial reports indicated that at least two
people were killed, 29 others were injured,
and one person was missing. The torrential
rains generated by Abby resulted in wide-
spread flooding, causing numerous landslides
and the destruction of 19 bridges. The
heavy rains also severly disrupted road,
rail, sea and air service in central Japan.
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Figure 3-05-3. 200 mb analysis for 1700007 August

showing the ridge over the Sea of Japan which
prevented Abby grom interacting with the wesiertfies
and accelerating northeastwand.
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TROPICAL STORM CARMEN (06W)

Tropical Storm Carmen had its origins
in the monsoon trough which was well estab-
lished over Southeast Asia and moved into
the South China Sea in early August. A low
level circulation first located about 200 nm
(370 km) east of Vietnam persisted as a
closed circulation on the surface streamline
analysis and as an area of enhanced convec-
tive activity on satellite imagery for
several days while moving slowly eastward
along the trough axis. At the same time,
Super Typhoon Abby was undergoing rapid
intensification in the Philippine Sea.
Abby's outflow generated a strong easterly
flow at upper-levels which was expected to
inhibit the development of the tropical
disturbance in the South China Sea.
However, on 9 August, satellite imagery at
00002 indicated that outflow was developing
over the South China Sea disturbance.
Synoptic data also indicated that the low-~
level circulation had become better
organized and had associated surface winds
of 20 kt (10 m/s) and an MSLP of 1002 mb.
This increase in organization prompted the
issuance of a TCFA at 090300Z.

The disturbance remained in alert
status for the next three days as it tracked
slowly north-northeastward with little
change irn intensity. Aircraft reconnaissance
at 1202472z indicated that the disturbance
was still poorly organized with an MSLP of
1000 mb. Satellite imagery during this
period also indicated little increase in
convective organization. At 120900z,
satellite imagery indicated that the disturb-
ance had developed a small central convec-
tive feature. The initial warning for
Carmen as a tropical depression was issued
at 121200Z on the basis of this increase in
convective organization.

For the rest of the day, Carmen tracked
slowly north-northeastward without any
further development in convective organiza-
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Figure 3-06-1. Tnopical Stonm Caumen near maximum
Antensity 100 nm (185 km) nontheast of Luzon. Super
Typhoon Abby (upper right)completely absonbed Carmen
into its circulati

tion. Suddenly, between 1300002 and
130600Z, the depression appeared to rapidly
accelerate from 3 to 26 kt (2-13 m/s) and
move east-northeastward toward the Luzon
Straits. Warnings at the time reflected
this rapid acceleration. However, in
post-analysis, satellite imagery indicated
the presence of several weak circulations
(eddies) near the Luzon Straits during this
period. A new circulation established
itself 70 nm (130 km) to the northwest of
Luzon, approximately 170 nm (315 km) east of
Carmen. It was this new circulation that
was tracked from 130600Z onward as Carmen.
The disturbance that was initially desig-
nated Carmen, continued its north~northeast-
ward track and persisted as a small area of
convection for another 18 hours before
eventually dissipating over water on

14 August. The new disturbance that was now
designated Carmen, moved east-northeastward
through the Luzon Straits, embedded in the
low-level flow feeding into Super Typhoon
Abby in the Philippine Sea. In spite of the
hostile shearing environment and the fact
that the depression was embedded in Abby's
inflow, intensification of this circulation
continued and upgrade to tropical storm
occurred on the 131800Z warning.

Carmen continued to intensify, reaching
maximum intensity of 45 kt (23 m/s) at
141200Z while accelerating toward Abby.
Figure 3-06-1 shows Carmen near maximum
intensity 100 nm (185 km) northeast of Luzon.
Less than 12 hours later, at 1423002, Carmen
was almost completely absorbed into Abby's
circulation and was no longer "fixable" by
reconnaissance aircraft.

The final warning on Carmen, now a
tropical depression, was issued on the 15th
at 06002 when it became impossible to
identify the remnants of the system on
satellite imagery.

on Less than a day Laten
(1406322 NOAA 7 visual imageny).
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TROPICAL STORM BEN (07W)

As Typhoon Abby approached Japan from
the southwest, satellite imagery indicated
that an area of intense convection was
forming on the eastern periphery of its
circulation (Figure 3-07-1). Surface and
200 mb analyses at the time (Figure 3-07-2
and 3-07-3) indicated that the convection
was not associated with a separate surface
circulation but with an area of highly
divergent flow at upper-levels. This flow
was associated with a TUTT cell located to
the northeast of Abby.

This area of active convection per-
sisted with no apparent associated low-level
circulation until 12 August, when visual
satellite imagery indicated the presence of
a low-level circulation on the western edge
of the convective activity. The presence of
a surface circulation in an area of such
strong upper-level divergence prompted the
issuance of a TCFA at 120419z,

Reconnaissance aircraft investigated
this area later in the day and located a
poorly defined circulation with a highly
asymmetric wind field. Winds of 40 kt

i 3
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Figure 3-07-1. Typhoon
enhanced convective activity
Tropical Stonm Ben fonmed.

Amagery} .

Abby (£eft) and the area of
1o the east where
[110527Z NOAA 7 visual

(21 m/s) were observed over a broad area in
the southeastern semicircle of the circula-
tion but winds to the north and west were

in the 10-20 kt (5-10 m/s) range. The first
warning for Tropical Storm Ben was issued at
121200Z and forecasted northwestward move-
ment up the eastern coast of Japan at the
periphery of the subtropical ridge. This
forecast scenario appeared valid for the
next 24 hours as Ben moved northward and
turned westward as expected. However, west-—
ward motion was greater than originally
forecast and Ben moved rapidly along the
southern coast of Honshu prior to making
landfall west of Hamamatsu (WMO 47654). As
Ben moved westward, it entered an area of
strong upper-level flow associated with
outflow from Typhoon Abby. Satellite
imagery indicated that the convection asso-~
ciated with Ben was dissipating and appear-
ing at successively greater separation
distances to the east of the low-level
circulation center.

By 14 August, Ben was a completely
exposed low-level circulation and remained
so until dissipation in the Sea of Japan at
1512002,
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Figure 3-07-2. 1100007 surface analysis, ALthough
analysis time comresponds closely with the time of
the sateflite pieture shown in Figure 3-07-1, there
48 no indication of a sunface circulation in the
area where Ben formed 24 howws Eatenr.
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Figuwre 3-07-3. 1100002 200 mb analysis. The area
of enhanced convective activity to the east of Abby
in Figure 3-07-1 conresponds to an area of highly
divengent upper-fevel glow created by the intenaction
of Abby's outflow with a TUTT cell.
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TROPICAL STORM DOM (08W)

Tropical Storm Dom developed from a
disturbance which was initially detected
west of Guam on 17 Aungust. Over the 10 day
period of its life, Dom underwent radical
changes in track and intensity. These
changes and Dom's lack of significant verti-~
cal development created difficulties for
JTWC forecasters. Radical intensity changes
resulted in a 36~hour period when no number-
ed tropical cyclone warnings were issued on
Dom by JTWC (21-23 August).

As Super Typhoon Abby approached Tokyo
on 17 Aungust, low latitude wind regimes began
to return to their seasonal mean locations.
Figure 3-08-1 shows the orientation of the
low-level monsoon and upper-tropospheric
troughs on 17 August, as well as the clima-
tological positions for each for the month
of August. Of significance is the position
of the low-level trough to the west of the
upper-level trough, which was anchored to an
intense upper-tropospheric cyclone near Guam.
As this occurred, an area of strong upper-
level divergence formed in the northeaster-
lies to the west of the upper-level cyclone
and a convective disturbance developed
within the low-level trough.

On 18 August, a reconnaissance aircraft
investigated the disturbance at 700 mb and
reported flight level winds of 25 kt (13 m/s)
and an extrapolated MSLP of 999 mb. On the
basis of this report and subsequent satel-
lite imagery which indicated increased con-
vective organization, a TCFA was issued at
181100Z. The next reconnaissance aircraft
mission, at 190735Z, located a well defined
surface circulation with an MSLP of 1004 mb
and maximum sustained surface winds of 40 kt
(21 m/s). The initial warning for Tropical
Storm Dom was issued on receipt of this in-
formation from the aircraft,

During the two-day period prior‘to
initial warning, Dom had tracked steadily
westward at 9 kt (5 km/hr)., In spite of
this, continued westward movement was re—
jected by JTWC forecasters and Dom was
forecast to move northward from the initial
warning. Figure 3-08-2 shows the guidance
available to JTWC forecasters from the
objective forecasting techniques for the
191200z warning (Note: objective techniques
are originated from a preliminary best track
position six hours prior to warning time -
in this case 1906002). Although there were
considerable differences in the forecast
aids, both dynamic models (NTCM and OTCM)
predicted northward movement, reflecting the
absence of a strong subtropical ridge. The
Prognostic Reasoning Message (WDPAl PGTW)
which was issued following the 1912002
warning is the best summary of the situation.

39

"Dom is forecast to turn north-
ward during the next 24 hours. Low-
level steering is predominately from
south-to~-north and the presence of
middle~-tropospheric westerlies north
of 22N is seen as evidence of the
overall weakness of the subtropical
ridge over the Philippine Sea."

"The most significant feature on the
charts is a deep, complex low pres-
sure area which extends eastward from
Japan. The FLENUMOCEANCEN prognosis
series maintains this mid-latitude
trough throughout the forecast period.
Its influence is expected to maintain
the weakness in the ridge and allow
Dom to move northward. Not forecast
by the numerical prognoses, but con-
sidered possible, is an increase in
the southwest monsoonal flow over the
Philippine Sea. A linkage between
the southwest monsoon and the mid-
latitude trough, east of Japan, could
cause Dom to track northeastward
instead."

The alternate scenario proved correct, as
Dom turned sharply northeastward on 20 August.

Throughout much of its life, Dom's low-
level center was located northeast of its
significant convection. Strong upper-level
northeasterlies were exerting considerable
pressure on the atmospheric column above Dom,
resulting in the consistent tilt toward the
southwest. The mission ARW on the 1923302
fix mission observed "The extremely slight
pressure gradient indicated that this was
probably a shallow tropical cyclone....the
700 mb center was located southwest, relative
to the surface center, but even further dis-
placed (from the earlier penetration). A
solid "wall" of convective activity seemed
to be developing at this time, extending
through the southwest quadrants." This
observation was made at Dom's peak intensity
of 55 kt (28 m/s).

As Dom turned northeastward, the area
of strongest convective activity became fur-
ther separated from the surface center
(Figure 3-08-3) and eventually weakened. On
21 August, reconnaissance aircraft verified
the weakening of the system as observed on
satellite imagery. Surface winds near the
center were light and surface pressures were
up significantly although stronger, near
gale-force, winds were present 50 to 60 nm
(93 to 111 km) southeast of the surface
center, within the monsoonal flow. Since
Dom was not expected to reintensify in such
a hostile shearing environment, tropical
cyclone warnings were suspended after the
issuance of the 2112002 warning. In the
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Figuie 3-08-1.

Location of the axis of the Low~Level

and upper-Level troughs on 17 August and the monthly
climatological position of the monsoon {Low-Level)
and tropical upper-tropospheric troughs forn August.
Note the nontheast to southwest onientation of each
Lrough on the 17th, and the atypical Location of the
Low-Level trough west of the upper-Level trough.

subsequent 12 hours, satellite imagery indi-
cated that convective activity was increasing
near the center, prompting the issuance of

a TCFA at 212330Z. An aircraft reconnais-
sance mission was flown at 220612Z and found
30 kt (15 m/s) surface winds more than

200 nm (370 km) southeast of a 1003 mb sur-
face center. However, the next mission, at
2223517 found a 995 mb center with a 40 kt
(21 m/s) maximum wind 10 nm (19 km) east of
the surface center. On the basis of this
report, Tropical Storm Dom was returned to
warning status at 2300002 while the aircraft
was still in the center. As the aircraft
exited to the south, it encountered even
stronger winds than those previously report-
ed. The following was extracted from the
ARWO's? post flight mission report:

"This system continued to have
a majority of its weather concen-
trated in the south....showers were
very heavy and ominous looking, in
fact, I observed a waterspout
trailing from one of the heavier
showers. Even though we were only
60 to 100 nm (111 to 185 km) from
the center during the invest, we
found light and variable winds,
especially in the northern half
of the storm. I was hard pressed
to close off the circulation in
the northwest guadrant. Once
closed off, the storm showed it-
self to be a highly compact area
of 40 kt (21 m/s) surface winds,
extending 45 nm (83 km) from the
center, The center itself was a

lMission ARWO (Aerial Reconnaissance
Weather Officer), 1Lt Gregory T. Marx, USAF.

2Mission ARWO, Capt Stephen W. Lizon,
USAF.
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small area, 3 to 5 nm (6 to 9 km),
where the pressure dropped rapidly.
This area of low pressure was very
definite, but difficult to hit
exactly due to its highly local-
ized area. After the fix, we
headed due south and, in a 30 nm
{56 km) wide band beginning 20 nm
(37 km) from the surface center,

1 observed surface winds reaching
50 kt (26 m/s) with gusts to 60 kt
(31 m/s)."

Figure 3-08-4 shows Dom just prior to this

" aircraft mission.

During Dom's northeastward trek, its
movement was correlated to the monsoon
southwesterlies and a stationary mid-
latitude trough located east of Japan. On
22 August, this trough, including the extra-
tropical remains of Super Typhoon Abby (05W)
began to move eastward and weaken. This
change, along with a lessening of the in-
fluence of the upper-tropospheric northeast-
erlies over Dom, were contributing factors
in Dom's reintensification. It also marked
a change in steering influences which re-
sulted in Dom moving erratically from
2312002 to 241200Z, prior to assuming a
north-northwestward track. During this
period, Dom's intensity dropped slightly, to
40 kt (21 m/s) but peaked again briefly as
an upper-~level anticyclone became established
over the system (Figure 3-08~5). However,
this upper-level support proved to be short-
lived and Dom was reduced to an exposed
low-level circulation of tropical depression
intensity a day later.



125

o

25—

JIwe

1 TRACK -

Figure 3-08-1. The standand anay of JTWC's objective
§onecasting techniques avaifable 2o suppont the
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1912002 and the eventual best track. Note that the
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Figune 3-08-3. Satellite imageny shows several
convective cells extending toward the southwest and
west of Dom’s Low-Level centern (2022347 Augusi NOAA

& visual imagery).

Figure 3-08-4. Satellite imagery received §
to aincraft data indicates that the system had nein-
tensified. Note the Low-Level cloud Lines which
cornespond to the ARWO's description of the system
(2221502 August NOAA & visual imagery).
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Figure 3-08-5. 1In a Last, but brief, period of nein-
tensification, satellite imagery indicates an upper-

Level anticyclone forming over Dom's Low-Level centen
(2420332 August DMSP visual imagery).
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TROPICAL DEPRESSION (09W)

Tropical Depression 09W was unusual in
that it developed in an area where tropical
cyclogenesis is a rare event. It was first
detected as a tropical disturbance located
60 nm (111 km) south of Okinawa on the
25th of August. At this time, the monsoon
trough was displaced far to the north af its
climatological position following the
passage of Tropical Storm Dom. Tropical
Depression 09W formed to the west of Dom in
an area of highly convergent low-level flow.

Tropical Depression 09W was first
mentioned in the Significant Tropical
Weather Advisory (ABEH PGTW) at 06002 on the
25th. Upper-level flow in the vicinity of
the circulation was highly divergent and
Dvorak intensity estimates indicated that
maximum sustained winds associated with the
circulation were 30 kt (15 m/s). Tropical
Depression 09W showed no signs of further
development in the next 24 hours of its
existence. However, a TCFA was issued at
2604002 because the favorable upper-level
conditions indicated a good potential for
intensification of the circulation.

Soon after the TCFA was issued, satel-
lite imagery (Figure 3-09-1) revealed an
exposed low-level circulation with associated
convective activity displaced 300 nm (555 km)
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Figure 3-09-1.

The expos

ed Low-Level cireulation of

to the south. Synoptic data at the time
indicated that the central pressure of the
depression was below 1000 mb but the area of
maximum winds was 100 nm (185 km) from the
center. At this point, it was expected

that the circulation would become better
organized and pose a threat to nearby
population centers in Japan and Korea.
Accordingly, the first warning on Tropical
Depression 09W was issued at 2612002.

The only aircraft reconnaissance mission
flown on this system was conducted at 2330%Z
on the 26th., Terrain in the area precluded
a low-level flight and severaly restricted
the collection of peripheral data. However,
the height of the 700 mb center supported a
maximum surface wind speed of 30 kt (15 m/s).
This intensity was in perfect agreement with
simultaneous estimates using satellite
imagery.

Tropical Depression 09W never developed
into a tropical storm and dissipated rapidly
after making landfall on the southern coast
of Korea. Although the East China Sea was
dominated by cloudiness and rain showers
during its passage, there were no reports of
injury or proverty damage related to this
depression.

TD 09 (Left} and Tropical Stoxm Dom (right} in its
dissipation stage (2605467 August NOAA 7 visual

imageny) .
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TYPHOON ELLEN (10W)

Typhoon Ellen first became apparent on
satellite imagery as a tropical disturbance
located near 10N 170W on the 26th of August.
The disturbance was located in a data-sparse
area, making it difficult to estimate its
degree of organization or intensity.
Satellite intensity estimates using the
Dvorak method indicated maximum sustained
winds of 30 kt (15 m/s). These estimates
were based primarily on the presence of
upper-level banding features. Because of
its impressive appearance on satellite
imagery, the disturbance was mentioned in
the Significant Tropical Weather Advisory
(ABEH PGTW) on the 27th. At this time, the
disturbance was not located in the JTWC area
of responsibility (AOR} but it was moving
westward and it was becoming a matter of
increasing concern to interests in the
eastern portion of the JTWC AOR.

The disturbance crossed the dateline
and entered the JTWC AOR on the 28th, A
TCFA was issued at 281100Z as the system,
now associated with a weak upper-level
anticyclone, continued moving westward.
Satellite imagery indicated that the dis-
turbance was intensifying with maximum
sustained winds of 35 kt (18 m/s). This
prompted the issuance of the first warning
on Ellen at 290000Z which projected con-
tinued west-northwestward movement and
intensification.

During the next five days, Ellen's

intensity fluctuated between 25 and 45 kt
(13-23 m/s). Further development during

SNAN;HA [P

this period was inhibited by the lack of
low-level westerly inflow and the restriction
of upper-level outflow channels to the north
by a large upper-level anticyclone centered
south of Japan. This large upper-level
anticyclone was a manifestation of an
intense cell of high pressure which extended
throughout the troposphere and had a
tremendous impact on Ellen. In addition to
interferring with Ellen's outflow at upper-
levels, it prevented continued west-
northwestward movement and caused Ellen to
assume a southwestward track around its
southern periphery at speeds-of 13 to 23 kt
(7-12 m/s). This high speed of movement,
combined with outflow restrictions, caused
Ellen to weaken to tropical depression
intensity briefly on the lst of September.

After reaching a minimum intensity of
25 kt (13 m/s) at 011200Z, Ellen began to
strengthen, reaching typhoon intensity two
days later at 031200Z. Upper-level flow
patterns during this period were very
favorable for the development of outflow
channels. A TUTT cell over the South China
Sea (Figure 3~10-1) was instrumental in
providing the proper environment for the
establishment of outflow to the north.
Coincident with Ellen's intensification was
a change in track from west-southwestward
to west-northwestward. This marked Ellen's
transit beyond the southernmost point of the
massive high previously discussed.
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By 051200Z, Ellen was located 200 nm
(270 km) east of Luzon with maximum sus-
tained winds of 95 kt (49 m/s). An objective
technique for forecasting the onset of
explosive deepening (Dunnavan, 1981)
indicated that Ellen would deepen rapidly
over the next 34 hours. The reliability of
this technique was verified when Ellen's
central pressure dropped 28 mb to 928 mb
over the next 12 hours. Ellen reached
maximum intensity of 125 kt (64 m/s)
shortly thereafter, at 060600Z (Figure
3-10-2).

This peak in intensity was short-lived
due to interaction between the southern
part of Ellen's circulation and Luzon.
Ellen weakened continuously from this point
on as it moved through the Luzon Straits

and headed for southern China.

Fix information on Ellen was exception-
ally good. In addition to normal aircraft
reconnaissance, three fixes a day from the
3rd to the 7th were provided by an aircraft
flying special aircraft stress test pene-
trations. This aircraft and crew were from
the 53rd Weather Reconnaissance Sguadron
at Keesler AFB, Mississippi. In addition
to supplemental aircraft reconnaissance
flights, radar coverage of Ellen by land
stations was extensive. Radar reports from
Aparri, P,I. (WMO 98231), Kaohsiung, China
(WMO 46744) and the Royal Observatory,

Hong Kong (WMO 45005) provided nearly con-
tinuous coverage from the Luzon Straits to
landfall near Macao.

Figure 3-10-2,
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Typhoon Effen at maximum intensity
(0606537 September NOAA 7 visual imagenry).



Ellen made landfall just south of Macao
at 0000Z on the 9th of September. Maximum
sustained winds at landfall were 65 kt
(33 m/s) with gusts to 80 kt (41 m/s).
Higher winds due to channelling effects
were recorded at the Royal Observatory,
Hong Kong, with the highest reported at
90 kt (46 m/s) gusting to 140 kt (72 m/s).

Damages in Hong Kong were extensive.
Preliminary reports indicated that six
people were killed and 277 were injured,
with 120 requiring hospitalization. More

than 1,600 people sought emergency shelter,
mostly residents of makeshift hillside
dwellings swept away by high winds, flood-
ing, and landslides. Damages to shipping
were also extensive. The Hong Kong Marine
Department reported that 22 ships ran
aground during Ellen's passage.

After moving inland, Ellen dissipated
rapidly, becoming a 30 kt (15 m/s) tropical
depression within 12 hours after making
landfall.
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SUPER TYPHOON FORREST (11W}

Forrest was the most intense of all of
the tropical cyclones of 1983. After taking
a long time to reach tropical storm inten-
gity, it intensified from a tropical storm
to a super typhoon in 30 hours and reached a
maximum intensity of 150 kt (77 m/s)

(Figure 3-11-1).

Forrest developed from a tropical
disturbance which originated in a broad area
of convective activity located 300 nm
(556 km) to the east of Ponape (WMO 91348}.
This disturbance was first discussed in the
‘Significant Tropical Weather Advisory (ABER
PGTW) on the 17th of September. At this =~
time, the disturbance had a great deal of
associated convection but was not well or-
ganized. However, a reconnaissance aircraft
was dispatched to the area when 24 hour
ipressure drops of 3 mb at nearby stations
were recorded. The aircraft mission con-~

firmed the lack of organization in the system
and was not able to close off a circulation.

This mission was the first of four aircraft

reconnaissance flights into Forrest during
the period 17-20 September. All four were
unable to close off a surface circulation.
However, the fourth aircraft 4id succeed in
closing off a circulation at the 700 mb
level, thereby lending credence to the theory
that Forrest originated from a mid-level
circulation which developed downward.

Even though aircraft reconnaissance
indicated the lack of a surface circulation,
a TCFA was issued for the disturbance at
1818012 when the convection associated with
it began to intensify and expand. The alert
was reissued 24 hours later, after the
second aircraft reconnaissance mission
failed to close off a surface circulation.

Figure 3-11-1,
Aintensity with 150 kt (77 m/s) winds and MSLP of
883 mb (2222237 NOAA § visual imagery).
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Super Typhoon Forrest at maximum



The third and fourth aircraft reconnais-
sance missions were flown on the morning and
afternoon of 20 September. Although both
flights confirmed the absence of a surface
circulation during the day, the first warning
was issued later that evening when satellite
imagery indicated the formation of a central
dense overcast and good outflow to all
quadrants. At this time, Forrest was located
about 180 nm (330 km) south of Guam. The
forecast called for continued gradual inten-
sification and slow northwestward movement.
Although this forecast track verified well,
the intensity projections were far short of
the mark. Reconnaissance aircraft flying a
mission on the following morning encountered
50 to 60 kt (21-26 m/s) winds in Forrest's
well-defined circulation. Continued inten-
sification after this occurred rapidly.
Forrest was upgraded to a typhoon at 211800%
when satellite imagery indicated a developing
eye. Aircraft dropsonde data at 2123402
indicated that Forrest's central pressure had
dropped to 975 mb. About 11 hours later, at
221057%, a sea-level pressure of 883 mb was
recorded. This represented a drop of 92 mb
in a little under 24 hours. This is graph-
ically displayed in a plot of Forrest's
central sea-level pressure over time (Figure
3-11-2). Note the rapid drop in pressure on
the 22nd.

Fortunately, Forrest's rapid intensifi-
cation occurred after the system had moved
well clear of Guam. Even though Forrest was

relatively weak when it passed Guam, the
island was subjected to winds gusting in
excess of 30 kt (15 m/s) and heavy rains.
Ahout 2 inches (5 cm) of badly needed rain
fell, causing minor flooding but no serious
damage.

As Forrest moved northwestward and
intensified, it became apparent that a
recurvature scenario was developing. A break
in the subtropical ridge between Taiwan and
Okinawa was clearly and consistently indi-
cated in the NOGAPS numerical prognoses.
Forrest was therefore forecast to continue
moving northwestward and recurve in the
vicinity of this weakness. This forecast
verified well except for the precise time and
location of the point of recurvature.

Forrest continued moving northwestward longer
than expected.

Prior to recurvature, Forrest passed
107 nm (198 km) southwest of Okinawa, sub-
jecting the island to high winds and heavy
rain. Maximum sustained winds recorded at
Kadena Air Base were 50 kt (26 m/s) with
gusts to 74 kt (38 m/s). Rainfall totalling
11.65 inches (30 cm) resulted in flooding
which caused minor damage to the installation.
Other damages due to high winds were limited
to minor personnel injuries and the loss of
some antennas. Preliminary reports from
Japanese authorities indicated that the
civilian population of Okinawa weathered the
storm equally well.
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Residents of Inza Island, northwest of
Okinawa, were not so fortunate. A tornado,
spawned during the passage of Forrest,
cleared a swath 300 ft (91 m) wide across
the island, destroying seven homes and
injuring 26 people, some seriously. There
were also reports of tornadoes over Okinawa,
however, none of these touched down. .

While moving past Okinawa, Forrest
began to interact with a frontal system
moving off the Asian continent. Within 48
hours of the onset of this interaction,
satellite imagery indicated that Forrest
had lost its deep convection and had begun
to take on extratropical characteristics.
Shortly thereafter, Forrest recurved to the
east-northeast and accelerated rapidly.

Forrest weakened dramatically while
undergoing extratropical transition. This
was fortunate since its track during this
period carried it into heavily populated
areas of southern Japan at speeds up to 40 kt
(74 km/hr). While crossing the island of
Kyushu, Forrest passed approximately 25 nm
(45 km) south of Sasebo. Inport at Sasebo
were five U.S. Navy ships and several ships
of the Japanese Maritime Self Defense Force.
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This harbor had previously been evaluated

as a safe typhoon haven due to the sheltering
effects of the topography in the area.

This evaluation was proven correct when none
of the ships in the harbor suffered damages
during the passage of Forrest. Other areas
in southern Japan suffered extensively from
high winds and heavy rains. Initial reports
indicated 21 dead, 86 injured and 17 missing.
Heavy rains, up to 19 inches (48 cm) in some
areas, caused numerous landslides and wide-
spread flooding resulting in damages to
46,000 homes, some of which were total losses.
The storm also stranded 28,000 travelers

due to the disruption of domestic flights

and rail service.

Forrest completed extratropical transi-
tion on the 28th at 0600Z while located near
the southern tip of Shikoku. From this point
on, Forrest continued to weaken and move
rapidly toward the east-northeast as an
extratropical system. Forrest was continued
in warning status for an additional 18 hours
until 1900002 when the final warning was
issued. At this point, Forrest had cleared
Japan and was moving eastward as an extra-
tropical low with maximum sustained winds of
35 kt (18 m/s).
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TROPICAL STORM GEORGIA (12W)

The disturbance that was to become
Tropical Storm Georgia originated in a broad
area of convective activity located to the
west of Luzon in the South China Sea. The
southwesterly monsoon was well established
in this area at the time, creating an area
of high cyclonic vorticity at the intersec-
tion of this flow and the easterly trade-
wind flow at the southern periphery of the
subtropical ridge. Georgia was the first
of five tropical cyclones to achieve
tropical storm intensity in this active
monsoon trough.

The weak surface circulation which
became Georgia first came to the attention
of JTWC forecasters when a upper-level anti-
cyclone formed over it on the 28th of
September. This development was accompanied
by a rapid increase in the organization and
intensity of the circulation. A TCFA was
issued at 281459Z when the increase in
organization of the system, apparent from
satellite imagery, was confirmed by synoptic
reports indicating that the MSLP had dropped
below 1003 mb.

The circulation continued to intensify
rapidly through the night. When a reconnais-
sance aircraft investigated the area on the
following morning, it encountered a tropical
storm with maximum sustained winds of 40 kt
(21 m/s) and an MSLP of 996 mb. The first
warning on Tropical Storm Georgia was issued
on receipt of the data from the aircraft at
2900002.

Georgia tracked westward from this
point on with only a slight deviation north-
ward in the vicinity of Hai-Nan island due
to topographical effects. This track was
accurately predicted by most objective
techniques available to JTWC forecasters.

i

i s o

Figure 3-12-1.
disturbance in the Lower

nopical Stoam Georgia
intensity in the South China Sea (upper Left}. The
night was the subject of a

A strong subtropical ridge to the north of
Georgia was expected to build westward
during the period and keep the storm on a
westward track. Daily height change analyses
at 500 and 700 mb indicated that the ridge
was indeed building as expected, causing
Georgia to continue moving westward.

Georgia intensified to a maximum
intensity of 55 kt (28 m/s) 12 hours prior
to landfall on Hai-Nan island (Figure 3-12-1).
The passage over Hai-Nan weakened Georgia
slightly causing it to enter the Gulf of
Tonkin with an intensity of 45 kt (23 m/s).
However, Georgia reintensified while
crossing the Gulf and made landfall on the
coast of Vietnam with an intensity of 55 kt
(28 m/s).

The timing and location of Georgia's
arrival in Vietnam amplified the damages
wrought by the storm. Georgia struck a
low-lying agricultural area, Bac Bo, when
the tide was rising and the rice crop was in
the earing stage. Preliminary estimates of
losses included 26 dead, 7,000 buildings
damaged or destroyed and the loss of 247,000
acres (100,000 hectares) of rice. 1In
surrounding areas, the arrival of Georgia
proved beneficial. The rainfall associated
with the storm, 13 to 14 inches (33 to 36 cm;
in Thai Binh and Ha Nam provinces, signalled
the end of an extensive drought. Rainfall
associated with Georgia provided sufficient
water to allow the cultivation of additional
acreage for rice and filled lakes and reser-
voirs which could be used for irrigation of
the winter and spring rice crops.

After making landfall, Georgia con-

tinued westward and dissipated rapidly in
the mountains near the Laos/Vietnam border.
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TCFA but did not develop (2910262 September DMSP

infrarned imagery).
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TROPICAL STORM HERBERT (13W)

Tropical Storm Herbert formed from a
tropical disturbance which was first observed
on 3 October as an area of unorganized con-
vective activity located 250 nm (463 km)
east of Mindanao. At this time, a weak
surface circulation was apparent in the
synoptic wind field associated with this
convection. Maximum sustained surface winds
were 15 kt (8 m/s} and the MSLP was 1010 mb.
In spite of the apparent weakness of this
disturbance, it was closely monitored by
JTWC because a TUTT cell located to the
north of the disturbance provided a favor-
able environment for the establishment of
outflow channels.

Convective activity associated with
this disturbance remained high over the next
three days as the circulation moved westward
over the Philippines but there was no
increase in the intensity of the system
until it emerged in the South China Sea.

On the 6th of October, the disturbance
entered an area of strong southwesterly
monsoon flow and began to intensify. Satel-
lite imagery at the time indicated the

e KR

formation of convective banding in spite of
the fact that upper-level flow was north-
easterly and no longer highly divergent.

A TCFA was issued at 060700Z on the basis of
the increase in organization apparent from
satellite imagery. Figure 3-13-1 shows
Herbert at the time the alert was issued.

The system continued to intensify over
the next 18 hours. At 070019Z, a reconnais-
sance aircraft was able to locate a well-
defined surface circulation with 35 kt
(18 m/s) winds, prompting the first warning
by JTWC valid for 070000Z. Forecasts for
Herbert anticipated continued west-
northwestward movement and minimal intensi-
fication prior to landfall on the coast of
Vietnam. This scenario proved correct as
Herbert achieved a maximum intensity of
50 kt (26 m/s) six hours prior to landfall
north of Nha Trang, Vietnam at 081200%.
Herbert dissipated rapidly over the moun-
tainous terrain of central Vietnam but
persisted as an area of enhanced convection
and reduced surface pressures for several
days as it moved westward over Indochina.

Figure 3-13-1. Henbert as a ﬂwpicaz_depau_-uon in
the South China Sea (0607307 NOAA 7 visual {magery}.
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TYPHOON IDA

The origins of Ida can be traced to an
inverted trough which was first detected
near Saipan (WMO 91232) using synoptic data
on 6 October. Although this is the earliest
point at which a reliable track can be
established, there appears to be a linkage
between the inverted trough and a convective
cloud mass which developed approximately one
week earlier in the center of a TUIT cell.

After Super Typhoon Forrest underwent
extratropical transition in the vicinity of
Japan, a TUTT cell located about 270 nm
(500 km) west of Johnston Island (WM 91275)
appeared to expand and intensify. As the
frontal system, containing the extratropical
remains of Forrest, passed to the north, the
TUTT cell moved westward at about 10 kt
(19 km/hr) and intensified. By 3 October, a
mass of convective cloudiness had developed
in the center of the TUTT cell near Wake
Island (WMO 91245).

Over the next three days, the distur-
bance moved generally westward but fluctuated
radically in position and intensity to the
extent that it could not be reliably tracked
as the same disturbance. During this period,
the passage of another frontal system to the
north and the formation of another TUTT cell
to the southeast contributed to the confused
state of the atmosphere in the area.

The inverted trough which was located
near Saipan at 0600002 rapidly developed and
became a closed circulation with 20 kt
(10 m/s) winds by 0612002. Signs of con-
tinued development, pressure falls in the

(14W)

area and increasing winds at nearby stations,,
led to the issuance of a TCFA at 0707452,

The first warning on Ida as a tropical
depression was issued at 0718002 when it
became evident from satellite imagery that a
central convective feature was forming.
Upgrade to tropical storm status followed on
the subsequent warning after reconnaissance
aircraft revealed that maximum sustained
winds associated with Ida had risen to 40 kt
(21 m/s) and MSLP had dropped to 1000 mb.

Initial forecasts called for continued
northwestward movement and intensification
prior to recurvature south of Japan. Ida
moved northwestward as expected and intensi-
fied, reaching a maximum intensity of 65 kt
(33 m/s) on the 10th after turning north-
northeastward (Figure 3-14-1). Shortly
after reaching maximum intensity, Ida began
to interact with a frontal system to the
north. This resulted in a weakening and
acceleration to the northeast as Ida under-
went extratropical transition. Ida's track
south of Japan was well documented by timely
reports from Japanese radar stations which
proved invaluable in positioning the rapidly
moving system.

Although Ida passed close to the island
of Honshu, approximately 80 nm (148 km)
southeast of Tokyo, there were no reports of
storm related damage in Japan. The small
radius of high winds associated with Ida and
the fact that it was weakening as it passed
Japan were fortunate circumstances.

Figure 3-14-1. Ida near maximum intensily.
Interaction with the §rontal system to the nonth Led
10 the extratnopical transition and napid accelera-
Lion of the system (0922587 October NOAA 8 visual

imagery).
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TYPHOON JOE (15W)

During the month of October, tropical
cyclone activity in the western Pacific was
concentrated in the South China Sea. Six
tropical cyclones formed between 29 September
and 26 October in the western Pacific. Five
of the six, formed as tropical depressions
in the Philippine Sea and crossed the
Philippines prior to intensifying in the
South China Sea. Aall five moved westward
without recurving. Typhoon Joe (15W) was the
most intense of these and the only one of the
five to achieve typhoon intensity.

Joe's origins can be traced back to
6 October when it was detected as a tropical
disturbance located well to the south of Guam
It was first discussed on the Significant
Tropical Weather Advisor (ABEH PGTW) on the
following day .and was monitored by JTWC as
it moved westward. At 090000% October,
synoptic data indicated that the MSLP in the
disturbance was near 1006 mb and that a closed
surface circulation was developing. Winds of
up to 25 kt (13 m/s) were estimated from
satellite analysis as convective cloudiness
and organization increased. A TCFA was
issuved at this time in anticipation of con-
tinued intensification. The area covered by
the alert was later shifted southward when
satellite imagery indicated that the predom-
inant circulation center was forming well to
the south of the areas that had previously
been fixed. Satellite fixes were now scat-
tered over an area that was too large to be
accounted for by either storm movement or
nominal position error. The presence of mul-

tiple circulation centers was considered as
a possible explanation for this excessive
fix scatter.

An aircraft investigation of the area,
completed at 100204Z, revealed a closed
circulation center with a central pressure
of 1003 mb and 30 kt (15 m/s) winds. The
mission ARWO (Aerial Reconnaissance Weather
Officer) reported that he suspected the pre-
sence of multiple centers, but was unable to
locate any other areas of light and variable
winds that would be associated with such
centers.

The following aircraft reconnaissance
mission alsoc encountered perturbations in
the wind field which indicated the possibil-~
ity of multiple circulations. Figure
3-15-1 shows Joe as a tropical depression at
the time of this mission. The arrow marks
the position of the surface circulation
located by aircraft. The position .of the
dominant circulation is not apparent from
this imagery, mor is it possible to confirm
the presence of multiple circulations.
Synoptic data was also inadequate to afford
recognition of multiple centers. Figure
3-15-2 is the surface analysis at 1000002Z.
Major features, such as Typhoon Ida located
south of Japan, and the remains of Tropical
Storm Herbert located over Indochina, are
well defined. Joe appears as a tropical
depression in the Philippine Sea, but data
density is not sufficient to prove or dis-
prove the presence of multiple circulations.

Figure 3-15-1. Satellite imagery at the £ime of zthe
airenagt reconnaissance mission. (1006507 October
NOAA 7 uisual imagery).



Figure 3-15-2. Sutface analysis fon 1000007 October
showing Typhoon Tda (144), Tropical Stomm Henbert
(13w}, and Joe (15W) as a tropical depression in the

Philippine Sea.

Joe remained poorly organized over the
next 24 hours. Figure 3-15-3 illustrates
the upper-level conditions which greatly
affected Joe's intensity. Strong north-
easterly flow to the south of the anticyclone
centered near Okinawa created a shearing
envirgnment which inhibited Joe's develop-
ment. This condition, combined with rapid
movement over the next 24 hours, resulted
in Joe approaching the Philippines as a
30 kt (15 m/s) depression with no increase
in organization of intensity. As Joe
crossed central Luzon, synoptic data and
radar reports indicated that the system was
still poorly organized,

After emerging in the South China Sea,

Joe became better organized and intensified
as it moved in a wide anticyclonic track
around the western periphery of the subtrop-
ical ridge. Upper-level flow patterns at
this time (Figure 3-15-~4) were favorable for
Joe's development and allowed the formation
of well-defined outflow channels to the
northeast and southwest. Figure 3-15-5

shows Joe near maximum intensity. Note the
symmetrical and unrestricted outflow pattern.

Joe continued to intensify as it moved
northwestward reaching a maximum intensity
of 65 kt (33 m/s) six hours prior to landfall.
Joe dissipated rapidly after moving inland
over southern China approximately 100 nm
(185 km) west of Hong Kong.

Figwte 3-15-3. 200 mb analysis for 1000002 October.
Note the stnong nontheasterly flow in the vicinity

04 the Philippines.
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Figute 3-15-4. 200 mb analysis at 1312007 October.
Comparison with Figwie 3-15-3 shows a displacement
of the anticyclone to the noth of Joe which allowed
the devefopment of outffow channels to the no