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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



14}

75" e ag* °r 95 leley) 105" "o 1s* 55" 160° 165° 170* 175°
4 o . v
N ) -
:) . S\\ ) > '+
i L B R T J ]
- -~
- 1 1 1 L |
P ——t — ronach ; ; NP U S ; +
4
L ] L
.\\-\"\ T
9% IR W —t ; + ; + + —
By
L _ - JWESTERN NORTH PACIFIC I ] I ] I
¢ . . 1. TROPICAL CYCLONES |
+ B 4 + n - 3 + PR, Ve N1
AR +
L N | | 1
“\\_ 4 4 L . [
i L
25—+ ——+ - ot t
“dor’ T ast . A o g [ o ' | . .
CT 0 Jeacurnor T s o 185", 7o s
it — " bt b
. : m.xs : i
P S— bt G S Biama e S S
©+ MADRA R
- . P ENEWETAK:
N = Hoh— + ——+
\/({ N o svlomir | el
R : ol fas o0
B ~+ +—+ +——+ \ KOIAAE T M T
. TY VERA : B R
: ) . RO S
o + 4 f—t——t 4t + 4 O —+ + + o s e ."' +
s e —— -+ i + . e
o | .
. I .
U &3.\ . 1
R,
10" -

75" 80" a5° 20" 5" 100" 105 bLod 15° »o 125% 130* 138° 140° “s* 10" 185° 0BO* 165" 170* 175°

HOCC GUAM 3162720 ( NEW 5 - 80)



=13

160" 168*

75" 3 85" o0 e 100* 108 10" 15 155 170 178° 180"
45 K - T - as|
;) . . 1 >
5 N o . St
/.) L 4+ -\-—',_/- g r 4 }-
[ . - . L 4
- T ! R T } 4o
©__STEMARGE
rL ,—-—-rﬁ-*’//_ P
35—ttty —t ——t . : \C 4ttt bt : 380
et —————— P A n . L |
\ [WESTERN NORTH PACIFIC A L
TROPICAL CYCLONES
S i AR
= b — 30—+ 307
15 NQRRIS L L
Ny L 7
250 b —+——+—+ + T AQE il + + 25
L. ... RO 4 L. L
80" e Vg v o1 . .
. © Teawcurnao® 158" o 155 170 B
L A i I - o
o . 4 e whe Lo
150}t ; T—— T f————{ VIS NORRISL it } 1=
© + MADRASS . - P . ) i o
R L .8 PRCHID o S
A /J . . . ."nklll . . IHEWETAN: e .
100 4 bttt —HOV— T o B i e +—+ ' 107
\f{- . P L. A . _w ex © o - RN .
: L. . ”~ . . . KWAJALEIN Lo .
c c ! i o PALAU IS &
{ . . YN . . w1 C e L BaSTY MARRE
L . o } 11S. HERBERY o et T y
. | Y VN S S } + AL Byl 1 bp}. 1 L
5 —t—+ + —+— t = i Laisadh e }
. . o — L t
S ~ ‘ C b
o : + +0%—+ -+ § oot + + " + o
— b b + + s
s ' F——t—t B . . :
. - Po, \ . - 4
A Ly, ,
[ Y . . . "™
'%s acr as 90" o5 100" 03¢ 155 160" 185 170 175

ROCC GUAM 3142/20

( NEW 5 - 80)



91

SHANG

ol

+
T

+

TROPICAL
STORM SARAH -
BEST TRACK TC- 01 -

24JUN-26JUN 1983
MAX SFC WIND 35 KTS . .
MINIMUM SLP 999 MBS ~

YLITHI
1

-

CYAP- 4+ - - . 4+ .4

a'io 19 .]Fr . WO7LEA| . 4 'Tmlm
Y

° 1
o - N N 4
Joonoooo°°e°°J

H--4 06 HOUR BEST TRACK POSIT

A
B
C

600 .

<>

<
ood
sEn

X

LEGEND

SPEED OF MOVEMENT
INTENSITY

POSITION AT XX/0000Z
TROPICAL DISTURBANCE
TROPICAL DEPRESSION
TROPICAL STORM
TYPHOON

SUPER TYPHOON START
SUPER TYPHOON END
EXTRATROPICAL
DISSIPATING STAGE
FIRST WARNING ISSUED
LAST WARNING 1SSUED

GAPORE

.
i

1
T

o




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
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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.

T e e e
! \ = : + %" .3 NN
g . \ -
AWA - xy
f ’iLZ }ﬂ“ o
; ; R
?\(/\ i b
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
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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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