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FRONT COVER: Super Typhoon Tip near maximum
intensity of 160 kt (82 m/sec), 11 October 1979,
21272. The minimum sea-Level pressure was

§70 mb and the associated circwlation patiern
was 1200 nm (2222 km) in diametern at that time.
Details on Tip can be found on page 72.

{DMSP imagenry)



FOREWORD

The Annual Typhoon Report is prepared
by the staff of the Joint Typhoon Warning
Center (JTWC). JTWC is a combined USAF/USN
entity operating under the command of the
U. S. Naval Oceanography Command Center,
Guam. The senior Air Force Officer assigned
is designated as Director, JTWC and is re-
sponsible to the Commanding Officer, U. S.
Naval Oceanography Command Center, Guam for
the operation of the JTWC. The senior
Naval Officer of the JTWC is designated as
the Deputy Director/Operations Officer. The
JTWC was established by CINCPACFLT message
2802082 April 1959 when directed by CINCPAC
message 2302337 April 1959. Its operation is
guided by the CINCPACINST 3140.1 (series).

The Naval Oceanography Command Center/
Joint Typhoon Warning Center, Guam has the
responsibility to:

1. Provide continuous meteoro-
logical watch of all tropical activity north
of the egquator, west of the Date Line, and
east of the African coast (JTWC area of
responsibility) for potential tropical
cyclone development.

2. Provide warnings for all sig-
nificant tropical cyclones in the assigned
area of responsibility.

3. Determine tropical cyclone
reconnaissance requirements and assign
priorities.

4. Conduct an annual post-
analysis of all tropical cyclones occurring
within the JTWC area of responsibility and
prepare an Annual Typhoon Report for issuance
to interested agencies.

5. Conduct tropical cyclone fore-
casting and detection research as practi-
cable.

In the event of incapacitation of the
JTWC, the alternate (AJTWC) assumes the
responsibility for issuing warnings. The
U. 5. Naval Western Oceanography Center,
Pearl Harbor, Hawaii is designated as the
AJTWC. Assistance in determining tropical
cyclone reconnaissance requirements and in
obtaining reconnaissance data is provided by
Detachment 4, lst Weather Wing, Hickam AFB,
Hawaii.

The meteorological services of the
United States are planning to implement the
metric system of measurement over the next
few years. Some civilian and military
agencies have started the education program
by showing the metric equivalents to current
units of measure. This Annual Typhoon
Report includes metric equivalents to most
measures.

Unless otherwise stated, all satellite
data used in this ATR are Air Force Air
Weather Service DMSP Data as acquired by
OL-C, 27CS personnel and analyzed by Det 1,
1WW personnel colocated with the JTWC at
Nimitz Hill, Guam.
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CHAPTER I - OPERATIONAL PROCEDURES

1. GENERAL

Routine services provided by the Joint
Typhoon Warning Center (JTWC) include the
following: (1) Significant Tropical Weather
Advisories issued daily describing all tropi-
cal disturbances and their potential for
further development; (2) Tropical Cyclone
Formation Alerts issued whenever interpre-
tation of satellite and synoptic data indi-
cates likely formation of a significant
tropical cyclone; (3) Tropical Cyclone Warn-
ings issued four times daily for significant
tropical cyclones; and (4) Prognostic
Reasoning messages issued twice daily for
tropical storms and typhoons in the Pacific
area.

JTWC responds to changing regquirements
of activities serviced. Therefore, contents
of routine services are subject to change
from year to year usually as a result of
deliberations at the Tropical Cyclone
Conference.

2. DATA SOURCES
a. COMPUTER PRODUCTS:

The Naval Oceanography Command
Center (NAVOCEANCOMCEN) Guam provides compu-
terized meteorological/oceanographic products
for JTWC. 1In addition, the standard array of
synoptic-scale computer analyses and prog-
nostic charts are available from the Fleet
Numerical Oceanography Center (FLENUMOCEANCEN)
at Monterey, California. With the installa-
tion of the Naval Environmental Display
Stations (NEDS) during 1978, JTWC now has
very timely access to necessary FLENUMOCEANCEN
products and is thereby able to more efficient-
ly and effectively use this information.

b. CONVENTIONAL DATA:

Conventional meteorological data are
defined as surface and upper-—air observations
from island, ship and land stations plus
veather observations from commercial and
military aircraft (AIREPS). Conventional
data charts are prepared daily at 0000Z and
12002 for the surface, 700 mb, and 500 mb
levels. A chart of upper-air data is pre-
pared which utilizes 200 mb rawinsonde data
and AIREPS above 29,000 ft within 6 hours of
the 00002 and 12002 synoptic times.

C. AIRCRAFT RECONNAISSANCE:

Aircraft weather reconnaissance data
are invaluable in the positioning of centers
of developing systems and essential for the
accurate determination of the eye/center,
maximum intensity, minimum sea-level pressure
and radius of significant winds exhibited by
tropical cyclones. Winds and pressure-height
data at the 500 and/or 400 mb level, provided
by reconnaissance aircraft while enroute to,
or returning from, fix missions, are also used
to supplement the sparse data in the tropics
and subtropics. These data are plotted on
large-scale sectional charts for each mission
flown. A comprehensive discussion of air-
craft weather reconnaissance is presented in
Chapter II.

d. SATELLITE RECONNAISSANCE:

Meteorological satellite data from
the Defense Meteorological Satellite Program
(DMSP) and the National Oceanic and Atmo~
spheric Administration played a major role
in the early detection and tracking of
tropical cyclones in 1979. A discussion of
this role is presented in Chapter II.

e. RADAR RECONNAISSANCE:

During 1979, as in recent years,
land radar coverage was utilized extensively
when available. Once a storm moved within
the range of a land radar site, reports were
usually received hourly. Use of radar dur-
ing 1979 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 warn~
ings and other related bulletins to Depart-
ment of Defense installations. These
messages are relayed for further trans-
mission over U. S. Navy Fleet Broadcasts,
U. S. Coast Guard CW (continuous wave morse
code) and voice communications. Inbound
message traffic for JTWC is received via
AUTODIN addressed to NAVOCEANCOMCEN GUAM.

(2) The air Force Automated Weather
Network (AWN) provides weather data to JTWC
through a dedicated circuit from the auto-
mated digital weather switch (ADWS) at Clark
AB, R.P. The ADWS selects and routes the
large volume of meteorological reports nec-
essary to satisfy JTWC reguirements for the
right data at the right time. Weather bull-
etins prepared by JTWC are inserted into the
AWN circuit by the Nimitz Hill Naval Tele-
communications Center (NTCC) of the Naval
Communications Area Master Station Western
Pacific.

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

b. Besides providing forecasters with
the ability to rapidly access computex pro-
ducts, the NEDS has recently become the
backbone of the JTWC communications system.
AUTODIN and AWN message tapes can now be
prepared by JTWC personnel for insertion
into the AUTODIN and AWN circuits by the
NTCC. The NEDS is also used by the TDO to
request forecast aids which are processed by
the computers at Monterey and transmitted
back to the TDO over the NEDN circuit.

4. ANALYSES

A composite surface/gradient level
{3000 ft) manual analysis is accomplished on
the 0000Z and 1200Z conventional data.
Analysis of the wind field using streamlines
is stressed for tropical and subtropical



regions. Analysis of the pressure field is
stressed for higher latitudes and in the
vicinity of tropical cyclones.

Manual analysis of the 500 mb level is
accomplished on the D000Z and 1200Z data.
Although the analysis of the 500 mb height
field is stressed, knowledge of the wind
field to more clearly delineate steering
currents is equally important.

A composite upper-tropospheric manual
analysis, utilizing rawinsonde data from
300 mb through 100 mb, wind directions ex-~
tracted from satellite data by Det 1, 1WW
and AIREPS (plus or minus 6 hours) at or
above 29,000 feet is accomplished on 00002
and 1200Z data daily. Wind and height data
are used to arrive at a representative
analysis of tropical cyclone outflow pat-
terns, of steering currents and of areas
that may indicate tropical cyclone intensity
change., All charts are hand plotted over
areas of tropical cyclone activity to pro-
vide all available data as soon as possible
to the TDO. These charts are augmented by
the computer-plotted charts for the final
analyses.

Additional sectional charts at inter-
mediate synoptic times and auxiliary charts
such as checkerboard diagrams and pressure-
change charts are also analyzed during
periods of significant tropical cyclone
activity.

5. FORECAST AIDS
a. CLIMATOLOGY:

Climatological publications utilized
during the 1979 typhoon season include pre-~
vious JTWC Annual Typhoon Reports and clima-
tic publications from local sources, Naval
Environmental Prediction Research Facility,
Naval Postgraduate School, Air Weather
Service, First Weather Wing and Chanute
Technical Training Center. Publications from
other Air Force and Navy activities, various
universities and foreign countries are also
used by the JTWC.

b. OBJECTIVE TECHNIQUES:

The following objective techniques
were employed in tropical cyclone forecasting
during 1979. A description of these tech-
niques is presented in Chapter IV.

(1) TYFN75 (Analog)

(2) MOHATT (Steering)

(3) 12 HR EXTRAPOLATION

(4) CLIMATOLOGY

(5) HPAC (Combined extrapolation and
climatology)

(6) TROPICAL CYCLONE MODEL (Dynamic)
(7) INJAH74 (Analog)
(8) CYCLOPS (Steering)

(9) TYAN78 (Analog)

6. FORECASTING PROCEDURES
a. INITIALIZATION:

In the preparation of each warning,
the actual surface location (£fix) of the
tropical cyclone eye/center just prior to
(within three hours of) warning time is of
prime importance. JTWC uses the Selective
Reconnaissance Program (SRP) to levy an
optimum mix of aircraft, satellite and radar
resources to cobtain fix information. When
tropical cyclones are either poorly defined
or the actual surface location cannot be
determined, or when conflicting fix infor-
mation is received, the "best estimate" of
the surface location is subjectively deter-
mined from the analysis of all available
data. If fix data are not available due to
reconnaissance platform malfunctions or
communication problems, synoptic data or
extrapolation from previous fixes are used.
The initial forecast (warning time) position
is then obtained by extrapolation using the
current fix and a "best track" of the
cyclone movement to date.

b. TRACK FORECASTING:

An initial forecast track is devel-
oped based on the previous forecast and the
objective techniques. This initial track
is subjectively modified based on the fol-
lowing:

(1) The prospects for recurvature
are evaluated. This evaluation is based
primarily on present and forecast position
and amplitude of middle tropospheric mid-
latitude troughs from the latest 500 mb
analysis and numerical prognoses.

(2) Determination of steering level
is partly influenced by maturity and verti~-
cal extent of the system. For mature
cyclones located south of the 500 mb sub-
tropical ridge, forecast changes in speed of
movement are closely correlated with forecast
changes in the intensity of the ridge. When
steering currents are very weak, the tenden-
cy for cyclones to move northward due to
their internal forces is an important con-
sideration.

(3) The proximity of the tropical
cyclone to other tropical cyclones is
evaluated to determine if there is a possi-
bility of Fujiwhara interaction.

(4) Over the 12- to 72-hr forecast
spectrum, speed of movement during the early
time frame is biased toward persistence
(12-hr extrapolation) while that near the
end of the time frame is biased towards
objective techniques and climatology.

{5) A final check is made against
climatology to determine the likelihood of
the forecast track. If the forecast devi-
ates greatly from climatology, the forecast
rationale is reappraised and the track ad-
justed as necessary.



c. INTENSITY FORECASTING:

In forecasting intensity, heavy
reliance is placed on aircraft reconnais-
sance reports, the Dvorak satellite inter-
pretation model, wind and pressure data from
ships and land stations in the vicinity of
the cyclone, and the obhjective technigues.
Additional considerations are the position
and intensity of the tropical upper-tropo-
spheric trough (TUTT), extent and intensity
of upper-~level outflow, sea-surface tempera-
‘ture, terrain influences, speed of movement
and proximity to an extratropical environ-
ment.

7. WARNINGS

Tropical cyclone warnings are issued when
a definite closed circulation is evident and
maximum sustained wind speeds are forecast to
increase to 34 or more knots within 48 hours,
or the cyclone is in such a position that
life or property may be endangered within 72
hours. Warnings are also issued in other
situations if it is determined that there is
a need to alert military and civil interests
to conditions which may become hazardous in
a short period of time. Each tropical
cyclone warning is numbered sequentially and
includes the initial warning time, eye/center
position, intensity, the radial extent of 30,
50 and 100 knot surface winds (when applic-
able), the levied reconnaissance platform
used, the instantaneous speed and direction
of movement of the cyclone's surface center
at warning time and the forecast information.
The forecast intervals for all tropical
cyclones, regardless of intensity, are 12-,
24-, '48- and 72-hr. Warnings within the
JTWC Pacific area are issued within two hours
of 0000z, 0600Z, 1200Z and 1800Z with the
constraint that two consecutive warnings may
not be more than seven hours apart. Warnings
in the JTWC Indian Ocean area are issued
within two hours of 0200Z, 0800z, 1400Z and
20002 with the constraint that two consecu-
tive warnings may not be more than seven
hours apart. These variable warning times
allow for maximum use of all available
reconnaissance platforms and more effectively
distribute the workload in multiple cyclone
situations., If warnings are discontinued and
a cyclone reintensifies, warnings are
numbered consecutively from the last warning
issued. Warning forecast positions are
verified against the corresponding post-

analysis "best track" positions. A summary
of the verification results for 1979 is
presented in Chapter IV,

8. PROGNOSTIC REASONING MESSAGE

In the Pacific Area, prognostic reasoning
messages are transmitted based on the 00002
and 1200Z warnings or whenever the previous
reasoning is no longer valid. This plain
language message is intended to provide users
with the reasoning behind the latest JTWC
forecast. Prognostic reasoning messages are
not prepared for tropical depressions nor
for cyclones in the Indian Ocean area.

For the 1979 season, JTWC included con-
fidence statements for the 24 and 48-hour
forecasts. The confidence values were per-
centage probabilities that the 24-hour fore-
cast position error would be less than 100 nm
and less than 150 nm, respectively, and that
the 48-hour error would be less than 200 nm
and less than 300 nm, respectively. These
probabilities were based on objective data
from error analysis studies of past cyclones
and were a function of latitude, longyitude,
storm intensity, organization and the number
of western Pacific storms in existence.

Prognostic reasoning information appli-
cable 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 plain language message, summarizing
significant weather in the entire JTWC area
of responsibility, is issued by 0600Z daily.
It contains a detailed, non-technical des-
cription of all significant tropical distur-
bances and the JTWC evaluation of potential
for significant tropical cyclone development
within the 24-hour forecast period.

10. TROPICAL CYCLONE FORMATION ALERT

Alerts are issued whenever interpreta-
tion of satellite and other meteorological
data indicates significant tropical cyclone
formation is likely. These alerts will
specify a valid period not to exceed 24 hours
and must either be cancelled, reissued or
superseded By a warning prior to expiration
of the valid period.



CHAPTER I

1. GENERAL

The Joint Typhoon Warning Center depends
on reconnaissance to provide necessary,
accurate and timely meteorological infor-
mation in support of each warning. JTWC
relies primarily on three sources of recon-
naissance: aircraft, satellite and radar.
Optimum utilization of all available recon-
naissance resources is obtained through use
of the Selective Reconnaissance Program (SRP)
whereby various factors are considered in
selecting a specific reconnaissance platform
for each warning. These factors include:
cyclone location and intensity, reconnais-
sance platform capabilities and limitations,
and the cyclone's threat to life/property
afloat and ashore. A summary of reconnais-
sance fixes received during 1979 is included
in Section 6.

2. RECONNAISSANCE AVAILABILITY

a. Aircraft:

Aircraft weather reconnaissance is
performed in the JTWC area of responsibility
by the 54th Weather Reconnaissance Squadron
(54 WRS). The squadron, presently equipped
with six WC-130 aircraft, is located at
Andersen Air Force Base, Guam. From July
through October, augmentation by the 53rd
WRS at Keesler Air Force Base, Mississippi
brings the total number of available aircraft
to nine. The JTWC reconnaissance require-
ments are provided daily throughout the year
to the Tropical Cyclone Aircraft Reconnais-
'sance Coordinator (TCARC). These require-
ments include area(s) to be investigated,
tropical cyclone(s) to be fixed, fix times
and forecast positions of fixes. The follow-
ing priorities are utilized in acquiring
meteorological data from aircraft, satellite
and land-based radar in accordance with
CINCPACINST 3140.1N:

" (1) Investigative flights and vor-
tex or center fixes for each scheduled warn-
ing in the Pacific area of responsibility.
One aircraft fix per day of each cyclone of
tropical storm or typhoon intensity is
desirable.

(2) Center or vortex fixes for each
scheduled warning of tropical cyclones in the
Indian Ocean Area of responsibility.

{(3) Supplementary fixes.
(4) Synoptic data acquisition."

As in previous years, aircraft recon-
naissance provided direct measurements of
height, temperature, flight-level winds, sea
level pressure, estimated surface winds (when
observable) and numerous additional para-
meters. The meteorological data are gathered
by the Aerial Reconnaissance Weather Officers

RECONNAISSANCE AND FIXES

(ARWO) and dropsonde operators of Detachment
4, Hg AWS who flew with the 54th. These data
provide tghe Typhoon Duty Officer (TDO) indi-
cations of changing cyclone characteristics,
radius of cyclone associated winds, and
present cyclone position and intensity.
Another important aspect of this data is its
availability for research in tropical cyclone
analysis and forecasting. Aircraft recon-
naissance will become even more important in
years to come when high-resolution: tropical
cyclone dynamic steering programs will re-
quire a dense input of wind and temperature
data.

b, Satellite

Satellite fixes from USAF ground
sites and USN ships provide day and night
coverage in the JTWC area of responsibility.
Interpretation of this satellite imagery pro-
vides cyclone positions and estimates of
storm intensities through the Dvorak tech-
nigque (for daytime passes).

Detachment 1, lst Weather Wing,
which receives and processes DMSP data, is
the primary fix site for the northwestern
Pacific., DMSP fix positions received
at JTWC from the Air Force Global Weather
Central (AFGWC), Offutt Air Force Base,
Nebraska were the major source of satellite
data for the Indian Ocean. GOES fixes were
also provided by the National Environmental
Satellite Service, Honolulu, Hawaii for
tropical cyclones near the dateline.

¢. Radar

Land radar provides positioning data
on well developed cyclones when in proximity
{usually within 175 nm of the radar site) of
the Republic of the Philippines, Taiwan,
Hong Xong, Japan, the Republic of Korea,
Kwajalein, and Guam.

d. Synoptic

In 1979, the 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

During the 1979 tropical season, the
JTWC levied 289 six-hourly vortex fixes and
52 investigative missions. In addition to
the levied vortex fixes, 150 supplemental
fixes were also obtained. The number of
levied investigative missions has increased
steadily over the past four years in
response to JTWC's increased efforts to
detect initial tropical cyclone development,



Of 1979's 28 tropical cyclones, investiga-
tive missions were not flown on four. The
average vector error for all aircraft fixes
received at the JTWC during 1979 was 13.0 nm
(24.1 km).

Reconnaissance effectiveness is summa-
rized in Table 2-1 using the criteria as set
forth in CINCPACINST 3140, 1N.

TABLE 2-1. AIRCRAFT RECONNAISSANCE EFFECTIVENESS

EFFECTIVENESS

NUMBER OF PERCENT
LEVIED FIXES

COMPLETED ON TIME 258
EARLY 2
LATE 15
MISSED 4

TOTAL 289

LEVIED VS. 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 1
1977 203 3
1978 290 2
1979 289 14

.

N o e e e . .

4, SATELLITE RECONNAISSANCE SUMMARY

The Air Force provides satellite recon-
naissance support to JTWC using imagery data
from DMSP polar orbiting spacecraft. Data
from similar NOAA spacecraft (TIROS~N/NOAA-6)
were not available to the tactical sites of
the network but could be processed on a
backup basis by the Air Force Global Weather
Central (AFGHWC).

The DMSP network consists of both tacti-
cal and centralized facilities. Tactical
DMSP sites are located at Nimitz Hill, Guam;
Clark AB, Philippines; Kadena AB, Japan;
Osan AB, Korea; and Hickam AFB, Hawaii.
These sites provide a combined coverage that
blankets the JTWC area of responsibility in
the western Pacific from near the dateline
westward to the Malay Peninsula.

The centralized member of the DMSP
network is the Air Force Global Weather
Central located at Offutt AFB, Nebraska.
AFGWC receives worldwide satellite imagery
coverage four times daily from two DMSP
spacecraft. In addition, AFGWC has the
capability to process either TIROS-N or
NOAA-6 should one of the primary DMSP space-
craft fail. Imagery taken over the JIWC
area of responsibility is recorded on board

the spacecraft and later downlinked to AFGWC
via command/readout sites and communications
satellites. With their coverage, AFGWC is
able to fix a storm anywhere within the JTWC
area of responsibility. As the only site in
the network that receives coverage over the
entire Indian Ocean, AFGWC has the primary
responsibility for satellite reconnaissance
in this area as well as a small portion of
the central Pacific near the dateline. On
occasion, AFGWC is tasked to provide storm
positions in the western Pacific as backup
to the tactical sites.

The thread that ties the network
together is Det 1, 1WW colocated with JTWC
atop Nimitz Hill, Guam. Based on available
satellite coverage, Det 1 coordinates satel-
lite reconnaissance requirements with JTWC
and tasks the individual DMSP sites to
provide the necessary storm fixes. The
tasking concept is to fix every storm or
tropical disturbance (alert area) once from
each satellite pass over the area of the
storm. When a satellite position is required
as the basis for a warning (levy), a dual-
site tasking concept is applied. Under this
concept, two sites are tasked to fix the
storm off the same satellite pass. This
provides the necessary redundancy to vir-
tually guarantee JTWC a successful satellite
fix of the storm. Using the dual-site
tasking concept, the satellite reconnaissance
network was able to meet 98 percent of JTWC's
satellite fix requirements. Dual-site task-
ing is not available over the Indian Ocean
since only AFGWC receives the satellite
coverage for most of that area.

The network provides JTWC with several
products and services. The main service is
one of surveillance. With the exception of
Osan, each site reviews its daily coverage
for any indications of development. If an
area shows indications of development, JTWC
is notified. Once JIWC issues either an
alert or warning, the network is tasked to
provide three products:- storm positions,
storm intensity estimates, and 24-hour storm
intensity forecasts. Satellite storm posi-
tions are assigned position code numbers
(PCN) depending on the availability of
geography for precise gridding and the degree
of organization of the storm's circulation
center (Table 2-2). During 1979, the network
provided JTWC with 1970 satellite fixes of
tropical cyclones in warning status. A
comparison of those fixes made on numbered
tropical cyclones with their corresponding
JTWC best track positions is shown in Table

TABLE 2-2. POSITION CODE NUMBERS

PCN 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




TABLE 2-3., MEAN DEVIATIONS (NM) OF DMSP DERIVED TROPICAL
CYCLONE POSITIONS FROM JTWC BEST TRACK POSITIONS.
NUMBER OF CASES SHOWN IN PARENTHESIS.

WESTPAC
1374-1978 AVERAGE
(ALL SITES)

13.3 (178)
18.5 ( 68)
21.2 (270)
25.6 (101)
37.1 (368)
47.2 (190}

14.8 (246)
22.0 (371)
40.6 (558)

2-3. Estimates of the storm'’s current and
24-hour forecast intensity are made once each
day by applying the Dvorak technigue (NOAA
Technical Memorandum NESS 45 as revised) to
daylight visual data. Satellite derived
storm positions, intensity estimates, and
forecasts constitute the satellite portion
of the JTWC forecast data base.

The availability of satellite data varied
during the year. At the start, the network
had access to three DMSP spacecraft: F=-1
(late-morning), F~2 (mid-morning), and F-3
(sunrise). In June, a fourth DMSP space-
craft, F-4, was launched into a late morning
orbit. The network had access to these four
spacecraft until mid-September when F-1
failed. Three months later, in early
December, F-3 failed reducing the active
DMSP fleet to only two spacecraft with
similar mid- to late-morning coverages. The
network was able to partially compensate for
this loss by depending on AFGWC to provide
fixes for the entire network based on its
unigue ability to process TIROS-N as a
replacement for F-3. Therefore, the 1979
season ended with available satellite
coverage at its lowest point for the entire
year.

Besides the network provided fixes, JTWC
also receives satellite-derived storm
positions from several secondary sources.
These include: U.S. Navy ships eguipped for
satellite direct readout; the National
Environmental Satellite Service using NOAA
and GOES data; and the Naval Polar Oceano-
graphy Center, Suitland, Maryland using
stored DMSP and NOAA data. Fixes from these
secondary sources are not included in the
network statistics.

5. RADAR RECONNAISSANCE SUMMARY

Sixteen of the 28 significant tropical
cyclones occurring over the western North
Pacific during 1979 passed within range of
land based radars with sufficient cloud
pattern organization to be fixed. The
hourly and oftentimes, half-hourly land
radar fixes that were obtained and trans-
mitted to JTWC totaled 1143.

The WMO radar code defines three cate-~
gories of accuracy: good (within 10 km
(5.4 nm)), fair (within 10-30 km (5.4-16.2
nm)) and poor (within 30-50 km (16.2-27 nm}).

WESTPAC INDIAN OCEAN
1979 1979
(ALL SITES) (ALL SITES)

14.4 (268) 13.5 ( 7)
17.9 ( 61) 23.1 (7
18.6 (341) 23.4 (1e)
20.5 ( 70) 18.0 ( 8)
37.8 (605) 34.1 (22)
43.3 (232) 42.2 (66)

15.0 (329) 18.3 (14)
18.9 (411) 21.6 (24)
39.4 (837) 40.2 (88)

This year, 1139 radar fixes were coded in
this manner; 25% were good, 29% fair and 46%
poor. Compared to the JTWC best track, the
mean vector deviation for land radar sites
was 15 nm (28 km).

Of the 16 tropical cyclones which were
monitored with land radar, 1l were typhoons:
Alice, Cecil, Ellis, Hope, Irving, Judy, Mac,
Owen, Sarah, Tip and Vera. These 11 typhoons
accounted for 89% of all radar fixes re-
ceived for this season. Excellent support
through timely and accurate radar fix posi-
tioning allowed JTWC to track and forecast
tropical cyclone movement through even the
most difficult and erratic tracks.

The 54 WRS made four radar center fixes
from their WC-130 aircraft when actual
penetration was restricted. One ship radar
center fix was received on Typhoon Bess.

No radar fixes were received on Indian Ocean
tropical cyclones.

6. TROPICAL CYCLONE FiX DATA

A total of 3318 fixes on 28 northwest
Pacific tropical cylones and 166 fixes on
7 northern Indian Ocean tropical cyclones
were received at JTWC. Tabkle 2-4, Fix Plat-
form Summary, delineates the number of fixes
per platform for each individual tropical
cyclone. Season totals and percentages are
also indicated.

Annex B lists individual fixes sedquen-
tially for each tropical cyclone. Fix data
is divided into four categories: Satellite,
Aircraft, Radar and Synoptic. Those fixes
labeled 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) ~ GMT time in day, hours and
minutes

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

Depending upon the category, the remainder
of the format varies as follows:



TABLE 2-4. FIX SUMMARY FOR 1979

FIX SUMMARY

ATRCRAFT DMSP TIROS-N GOES3 SYNOPTIC TOTAL

WESTERN PACIFIC

ALICE
BESS
CECIL

D N L I e A e e e e A e A 4,

I Wed =t D1 SO CONT NN N =N W

7
2

w

% OF TOTAL
NO. OF -FIXES

TIROS-N SYNOPTIC TOTAL

INDIAN OCEAN

TC 17-79
TC 18-79
TC 22-79
TC 23-79
TC 24-79
TC 25-79

% OF TOTAL
NO. OF FIXES

* SHIP RADAR FIX
**  INCLUDES TWO ACFT RADAR FIXES
**% INCLUDES ONE ACFT RADAR FIX




a. Satellite

(1) ACCRY - Position Code Number
(PCN} (see Sec. 5) or Confidence (CONF) numb-
er (see table 2~5) is listed depending on
method used to determine the fix position.

TABLE 2-5. CONFIDENCE (CONF) NUMBERS AS A FUNCTION
OF DVORAK T NUMBER AND RADIUS OF 90%
PROBABILITY AREA (NM).

TROPICAL CYCLONE
INTENSITY CONF_(1) CONF_(2) CONF (3)
1.5 120 170
T2.0 120 170
12.5 170
13.0 150
13.5 140
T4.0 140
14.5 140
75.0 130
15.5 130
16.0 130
76.5 120
17.0 - 120
17.5 100
18.0 100

(2) DVORAK CODE - Intensity evalua-
tion and trend utilizing DMSP visual satel-

lite data. (For specifics refer to NOAA TM;
NESS-45)
a &
& 3 5
s £ 22 & I v
§ £ ESgy F &u &S
T~ s 022 if &é? £
e v FFIOF 5 55 o9
~ W uG o o't &>
a o & SO g ¢ &
£ o & PLUS D = &
TO)/()MINUS /S ()/(hrs

LEAVE W

EXAMPLE: T5/6 MINUS/ W1.5/24 s,

(3) SAT - Specific satellite used
for fix position (DMSP 35, 36, 37 or 39,
TIROS~N or Geostationary Operational Envi-
ronmental Satellite (GOES, 135W)).

(4) COMMENTS - For explanation of
abbreviations see Appendix.

(5) SITE - ICAO call sign of the
specific satellite tracking station.

b. Aircraft

{1} FLT LVL - The constant pressure
surface level, in mb, maintained during the
penetration. 700 mb is the normal level
flown in developed cyclones due to turbulence
factors with low-level missions flown at
1500 ft.

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

{3) oBS MSLPF -~ If the surface center
can be visually detected (e.g., in the eye),
the minimum sea level pressure is obtained
by a dropsonde released 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 sur-
face wind (knots) is an estimate made by the
ARWO based on sea state. This observation
is limited to the region of the flight path,
and may not be representative of the entire
cyclone, Availability of data is also de-
pendent upon the absence of undercast condi-
tions and the presence of adequate illumina-
tion. 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. Values entered in this
category represent the maximum wind measured
prior to obtaining a scheduled fix. This
measurement may not represent the maximum
flight level wind associated with the tropi-
cal cyclone because the aircraft only sam-
ples those portions of the tropical cyclone
along the flight path. In many instances
the flight path may be through the weak
sector of the cyclone. In areas of heavy
rainfall, the doppler radar may track enerqgy
reflected from precipitation rather than
from the sea surface; thus preventing accu-
rate 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 measure-
ments to drift angles less than or egqual to
27 degrees if the wind is normal to the
aircraft heading.

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

(7) EYE SHAPE - Geometrical repre-
sentation of the eye based on the aircraft
radar presentation. Reported only if center
is 50% or more surrounded by wall cloud.

(8) EYE DIAM/ORIENTATION - Diameter
of the eye in nautical miles. In case of an
elliptical eye, the lengths of the major and
minor axes and the orientation of the major
axis are respectively listed.

c. Radar

(1) RADAR - Specific type of plat-
form utilized for fix (land radar site,
aircraft or ship).

(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 repre-
sentation of the eye given in plain language
(circular, elliptical, etc.).



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

{(5) RADOB CODE - Taken directly from
WMO ground weather radar observation code
FM20-V. 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.

d. Synoptic

(1) INTENSITY ESTIMATE - TDO's anal-
ysis of low-level synoptic data to determine
a cyclone's maximum sustained surface wind
(knots) .

(2) NEAREST DATA - Accuracy of fix
based on distance (nautical miles) from the
fix position to the nearest synoptic report
or to the average distance of reports in data
sparse cases. -



CHAPTERIL SUMMARY

1. WESTERN NORTH PACIFIC TROPICAL
CYCLONES

During 1979, the western North Pacific
experienced a below normal year of tropical
cyclone activity with a total of 28 cyclones
(Table 3-1). By comparison, 1978 was a near
normal year with 32 cyclones and 1977 was a
near record low year with a total of 21
cyclones. Five significant tropical cyclones
never developed beyond tropical depression
(TD) stage, and nine developed into tropical
storms (TS). Of the 14 cyclones that devel-

TABLE 3-1.

1979 SIGNIFICANT TROPICAL CYCLONES

CALENDAR

PERIOD
OF WARNING

DAYS

CYCLONE

TYPE

WARNING

OF TROPICAL CYCLONES

oped to typhoon (TY) stage, only 4 reached
the 130 kt (67 m/sec) intensity necessary to
be classified as a super typhoon (ST). This
season, beginning with Typhoon Bess, tropical
cyclones attaining tropical storm strength
or greater were assigned names on an alter-
nating male/female basis. This change was a
result of the 1979 Tropical Cyclone
Conference, and the list of names can be
found in CINCPACINST 3140.1N CH-l1. A simi-
lar but different series of cyclone names is
used for eastern North Pacific and North
Atlantic cyclones. Each tropical cyclone's

WESTERN NORTH PACIFIC

NUMBER
OF
WARNINGS

OF DISTANCE

TRAVELLED

TY
Y
TY

JAN-14 JAN
MAR-25 MAR
APR-20 APR
MAY-16 MAY
MAY-24 MAY
JUL-06 JUL
JUL-06 JUL
JUL-25 JuL
JuL-03 AUG
JuL-29 JuL
AUG-06 AUG
AUG-18 AUG
AUG-26 AUG
AUG-20 AUG
SEP-04 SEP
SEP-08 SEP
SEP-24 SEP
SEP-22 SEP
SEP-01 OCT
SEP-26 SEP
0CT-07 OCT
0CT-15 0CT
0CT-19 OCT
NOV-07 NOV
NOV-13 NOV
DEC-02 DEC
DEC-14 DEC
DEC-23 DEC

1979 TOTALS
*QVERLAPPING DAYS INCLUDED ONLY ONCE IN SUM.

14

-
e = =11

]

—

—_

—t —
WEMRNOOOTNNWOPRONNIW—ORARQOQOIONMN

—_

10

2597
1804
2535
2876
2170
1612
1837
1264
3928
1058
1088
2732
2502

605
1418
1298
1831

528
2151

984
1920
1194
3972
1868
1559
1070
4044
2245



maximum surface wind (MAX SPC WND), in knots, Table 3~2 provides further information

and minimum observed sea-level pressure (MIN on the monthly distribution of tropical

OBS SLP), in millibars, were obtained from cyclones and statistics on Tropical Cyclone
best estimates of all available data. The Formation Alerts and Warnings. Even though
distance travelled, in nautical miles, was there were 4 fewer cyclones this season
calculiated from the JTWC official best compared to last season, there were 18 more
track (see Annex A). warning days.

TABLE 3-2.

1979 SIGNIFICANT TROPICAL CYCLONE STATISTICS

WESTERN (1959-78)
NORTH PACIFIC TOTAL AVERAGE

TROPICAL
DEPRESSIONS

TROPICAL STORMS
TYPHOONS
ALL CYCLONES

(1959-78) AVERAGE

FORMATION ALERTS 23 of the 27 (85%) Formation Alert Events developed into tropical cyclones.

5 of the 28 (18%) tropical cyclones did not have a Formation Alert.

WARNINGS Number of warning days: 149
Number of warning days with 2 cyciones: 38

Number of warning days with 3 or more cyclones: 5

11
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TYPHOON ALICE

Typhoon Alice, the first tropical cyclone
of the 1979 season, was actually first
sighted as a tropical disturbance on the 27th
of December 1978. Being over the Gilbert
Islands quite close to the equator, the po-
tential for development was considered poor.
A tropical cyclone formation alert was issued
at 0300Z 1 January 1979 when satellite data
showed the disturbance progressively increas-
ing in organization. Saon after, the suspect
area accelerated northwest to higher lati-
tudes where development conditions were more
favorable, and by 011800%Z, tropical storm
Alice was named. Post-analysis showed that
the tropical depression stage began near
0100002 at low latitudes, contrary to the
general rule that cyclones do not form close
to the equator.

Although a climatologically unfavored
period for western North Pacific tropical
cyclone development, the fact that Alice did
form supports the non-existence of a defini-
tive "typhoon season" for WESTPAC; tropical
cyclones are possible anytime of the year.
The greatest forecasting difficulties and
concomitant large forecast errors occurred
during Alice's formative and dissipating
stages. Double intensification also contri~
buted to Alice's notoriety.

Early in her lifetime, Alice meandered
through the Marshall Islands as if determined
to visit each island. One week later, on 12
January 1979, President Carter declared the
Marshall Islands a major disaster area.

A satellite reconnaissance fix at
0221332 showed Alice had moved northeastward
when forecast to continue northwestward.
Being a fix on a poorly defined satellite
image (PCN 6), it was not taken verbatim;
northwest movement continued to be forecast.
An aircraft reconnaissance fix at 0300532
confirmed the earlier satellite fix as did a
follow-on 0303102 aircraft fix. Post-
analysis revealed that a mid-latitude, short-
wave trough passed north of Alice during
this time period. The trough extended deep
enough into the tropics to weaken the mid-
tropospheric ridge. This weakness permitted
a southward intrusion of mid-latitude west-
erlies into Alice's vicinity, temporarily
steering her northeastward. As the short-
wave trough continued eastward, the sub-
tropical ridge quickly reestablished itself
north of Alice producing strong easterly
steering flow, temporarily accelerating her
from 4 to 10 kt (8 to 19 km/hr) toward the
northwest when continued northeast movement
was forecast. During this time, decision
makers on Enewetak (also within the Marshall
Islands), noting the low forecast confidence
stated on prognostic reasoning messages, kept
a condition of readiness which paid off.

From the 6th to the 1llth, Alice traveled
due west. On the 8th, Alice attained 110 kt
(57m/sec) intensity and simultaneously accel-
erated to a speed of 14 kt (26 km/hr) (the
fastest observed along track), whereupon she
began weakening slowly.

During the 9th, Alice began an unexpected
northward movement trend and showed further
weakening. Post-analysis of low-level synop-
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tic data and satellite imagery (Fig. 3-01-1)
indicated that an approaching frontal shear-—
line was the responsible agent. The shear-
line began interacting with Alice while she
was southeast of Guam. As Alice neared Guam,
radar data from Andersen AFB and aircraft
data indicated that Alice's previously well-
defined wall cloud became larger and somewhat
less organized. Cooler, drier air north of
the shear-line was likely responsible for
this weakening trend. A weakness in the sub-
tropical ridge vertically above the shear-
line apparently allowed for Alice's northward
deviation.

The most unusual portion of Alice's track
occurred during the final 3 days of Alice's
life. Based on interpretation of PE progs,
the subtropical ridge was expected to persist
and maintain Alice in the easterlies. 2as a
result, the JTWC forecasts (supported by the
majority of objective forecast aids) indicat-
ed westward movement until 120000Z, 18 hours
after Alice had actually begun tracking
northwestward. The subtropical ridge weak-
ened in response to a long-wave trough deep-
ening over eastern Asia. Easterly steering
currents in Alice's vicinity diminished and
veered in direction, permitting a more north-
ward track. Alice reached a secondary in-
tensity maximum of 10C¢ kt (51 m/sec) during
this period due to her slowing in speed of
movement, the increased absolute vorticity
of higher latitudes and good outflow aloft.

By the 13th, Alice turned northeastward
and began weakening rapidly. The subtropical
ridge was now completely severed and upper-
air westerlies were shearing Alice signifi-
cantly in the vertical. Close proximity of
yet another frontal shear-line contributed
to further weakening. The biggest surprise,
however, came when Alice's low-level circu-
lation turned almost 180 degrees back toward
the west at about 131200%Z under the influence
of strong, low-level easterlies and weakened
rapidly in the strong, vertical-shear envi-
ronment. As a result of vertical decoupling,

Alice as a shallow depression, dissipated
during the following l2-hour period.

FIGURE 3-01-1. Typhoon ALice menging with the
tnailing end of a frontal shean-Line, 9 January 1979,
00542. ~ {DMSP {mageny)



-
S
e
}

. ——t——t—t——
; 4 L i i
A e s e R e e e s —+
+ + i 4 L
4 1 + 4 +
P f—t—t—t —+—— +—30+— +—
£ . . . . TYPHOON BESS + -
-~ - - - - BESTTRACK TC-02 i
: t .. . . 20MAR-25MAR 1979 N
' MAX SFC WIND 90KTS .1

——+—+  MINIMUM SLP 958 MBS —

. + . N . . + . . . N +
=1 . 1§20°. L 1%5".
+—4 +———1 —20—+ T—
’ e
T T WAKE
—1 ——t—f S S e —t
1 1 . X
PR RN - + ENEWETAK . + -«
+—+ ——+—+ O+
i . i _KwaJa
F ° - 1
LEGEND —_.—
p-id 06 HOUR BEST TRACK POSIT T
A SPEED OF MOVEMENT T -
B INTENSITY L
C POSITION AT XX/0000Z
vso TROPICAL DISTURBANCE r -
«es TROPICAL DEPRESSION —_———
— — TROPICAL STORM 1 .
— TYPHOON
@ SUPER TYPHOON START T
< SUPER TYPHOON END L
+o¢ EXTRATROPICAL
s»s DISSIPATING STAGE T -
FIRST WARNING 1SSUED —_—
LAST WARNING ISSUED |
e e .- P
o Yo A
) .0&.\1
. SR ASS A

155° 160° 165°

18



TYPHOON BESS

Since 1959, only three typhoons have
developed over the Western Pacifie in March.
Of these three, only Bess developed in the
last decade with Typhoon Tess developing in
1961 and Typhoon Sally in 1967. Tropical
cyclone development in March is usually in-
hibited by a southward adjustment in the sub-
tropical ridge axis. Although not recognized
in advance, Typhoon Bess' development paral-
leled Typhoon Tess, which developed in the
eastern Caroline Islands and reached tropical
depression strength near Woleai Atoll. Con-
tinuing northwestward between Guam and Yap,
both recurved northward near 135E (Fig. 3-02-
1) before dissipating north of 20N under the
influence of a strong vertical shear.

FIGURE 3-02-1.,
between Guam and Yap at § kt {15 km/hn), 21 March

Typhoon Bess tracking northwestward

1979, 01032, Satellite imagery increased
onganization in the convective banding jusi prion to
Bess neaching tropical stomnm intensity.

{DMSP imageny)

Synoptic data at 1600002 suggested the
existence of a weak surface circulation near
3.0N 152.5E at the base of a wave in the
easterly flow. Satellite imagery at 1601192
indicated that an ill-defined area of convec-
tion existed near the surface circulation.

By 161109%, however, increased upper-level
organization suggested development of a weak
200 mb anticyclone (Fig. 3-02-2). Increased
curvature in the mid-level convective cloud
pattern hinted at the possibility of tropical
cyclone formation. As often observed in weak
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developing systems, 162207Z satellite imagery
showed a significant decrease in the mid~ to
upper-level convective organization, while
the synoptic analysis continued to support a
weak circulation southeast of Guam. Contin-
uing to pulsate, the suspect area presented

a curious, but intensified upper-level con-
vective pattern on 172151Z and 172333%Z satel-
lite imagery. Synoptic analysis at 1800002
indicated that, in addition to the circula-
tion near 3.5N 147.5E, a secondary low had
developed on the slow moving wave axis near
7.1N 150.0E and that the earlier ill-defined
convection had been associated with these two
circulations. As this secondary low tracked

northward up the wave axis, increased cyclon-

FIGURE 3-02-2. Infrared {magery of very eanly
development sfage o4 Bess, 16 Marnch 1979, 11092,
Streamline pattern indicates an upper-Level anti-
cyelone. A surface circulation had not yet
developed. (DMSP imagery)

ic shear between strong easterly flow north
of the wave and weak equatorial westerlies
south of the wave caused the northern circu-
lation to become the dominant center as the
initial low weakened. Simultaneously, the
upper-level anticyclone intensified, produc-
ing an excellent outflow signature on 1823152
satellite imagery (Fig. 3~-02-3). Although a
formation alert was issued based on 1823152
satellite imagery, continued rapid develop-
ment did not occur as expected. Aircraft
data at 200259%Z found strong enhanced easter~
ly flow of 20-30 kt (10-15 m/sec) to the
northeast, but only weak cyclonic flow to the
south and east. Aircraft reports finally
confirmed tropical storm strength early on
the 2lst (Fig. 3-02-4), five days after Bess
was initially observed.



FIGURE 3-02-3. Ingrared imagery of Typhoon Bess

developing under good uppen-Level oulglfow which 48
visible grom the southeast through the northwest,
(DMSP imagery)

18 Manch 1979, 23151.

Sea Surface Temperature (SST) plays a
vital role in the development and maintenance
of tropical cyclones, A study by Charles P.
Guard (1979) indicates that tropical cyclones
which move over water cooler than 26C are
less likely to intensify due to a reduction
in latent heat. The study further states
that tropical cyclones which develop prior to
June intensify up to 10 kt (5 m/sec) after
recurvature. This intensification, if exper-
ienced, will occur within the 12-24 hour
period following recurvature. Typhoon Bess
followed this recurvature pattern. The axis
of recurvature was crossed at 230000Z. Slow
intensification occurred over the next 18
hours with Bess reaching her maximum inten-
sity of 90 kt (46 m/sec) at 2318002. Bess
maintained 90 kt (46 m/sec) for 18 hours and
then rapidly weakened, dissipating by
250000%Z. SST analyses during 24-27 March
(Fig. 3-02-5) indicate that the area in
which Bess weakened from 90-60 kt (46~-31 m/
sec) in a six-~hour period corresponds closely
to the location of water cooler than 26C.

The reduction of latent heat input, coupled
with increased vertical shear produced by
strong westerlies aloft, literally sheared
Bess apart during the final 12-18 hcurs.

20

FIGURE 3-02-4.

1979, 02352,
with strong
{DMSP imageny)

Typhoon Bess fust prion o neaching
hen maxdmum intensity of 90 kt (46 mfsec), 23 March

Bess displays a Large elliptical eye

nadial civws outflow in all directions.



23°
25°
20N
* 23/12Z
23/00Z
PY 27°
GUAM
2
13/0E OE 15{0E

FIGURE 3-02-5. Composite of sea surface temperature
analyses grom 24-27 March 7979, Nontheastward thack

of Typhoon Bess during dissipation stage is .indicated
by a dashed Line with 17-hour positions.
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TYPHOON CECIL

Typhoon Cecil, the first tropical
cyclone of 1979 in the Northwest Pacific
given a male name, generated in mid-April
from an easterly wave over the Philippine
Sea. Cecil was forecast very well while on a
climatological west-northwest track toward
the central Philippines, Overall, post-anal-
ysis statistics showed that mean forecast
errors were better than long-term averages.
Nevertheless, JTWC warnings failed to fore-
cast the crucial recurvature point in Cecil's
track. Was there sufficient evidence to
forecast this recurvature 24-48 hours in
advance?

Post-analysis showed that recurvature
occurred 36 hours after the 1512002 best
track position. Satellite imagery (Fig. 3-
03-1) located Cecil just south of Samar. At
this time, the 500 mb subtropical ridge axis
was at 17N with a small high pressure cell -
located over Northern Luzon. The 500 mb 36—
hour PE prog maintained the ridge. Steering
techniques based on this synoptic situation
indicated westward movement for 72 hours.
Analog techniques indicated west-northwest-
ward movement. As a matter of fact, no
objective forecast technique indicated re-
curvature prior to entrance into the South
China Sea. The climatological average loca-
tion of the 500 mb ridge axis is along 15N
for April over the Philippines and the clima-
tological recurvature point is 15-17N. Both

Figure 3-03-1. Ingranred imagery of Typhoon Cecil
36 houns prion to necurvature with maximum sustained
winds of &0 kt (41 m/sec), 15 Apnil 1979, 12251,
(DMSP .imageny)

(03)

synoptic and climatelogical data indicated a
west-northwestward track over the Philippines
with recurvature late in the forecast period
in the South China Sea as Cecil tracked to
the vicinity of 15N. Post-analysis, however,
revealed that the ridge axis east of the
Philippines abruptly shifted south between
1612002 and 170000Z with westerly winds in-
truding far to the south over the South China
Sea. This pattern shift caused Cecil to
recurve much earlier than anticipated. With-
in 48 hours, Cecil was well east of Luzon
(Fig. 3-03~2). The ridge axis shift was the
vital piece of information not present in

any of the available prognostic tools. Thus,
it appears even in post-analysis that fore-
casting of Cecil's recurvature 36 hours in
advance was beyond state-of-the-art
capabilities.

FIGURE 3-03-2. Ceckl after recwwature with
maximum sustoined winds of 50 kt {26 m/sec),
19 Aprnil 1979, 00142, (DMSP imagenry)
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TROPICAL STORIM DOT (04)

Tropical Storm Dot did not reach tropical
storm strength prior to landfall on the
‘'Philippine Islands (Fig. 3-04-1). Once Dot
crossed the islands, tropical storm strength
was attained lasting, however, less than 24
hours (Fig. 3-04-2). Dot's development was
cut short by the eventual frictional effects
of Luzon and increasing vertical wind shear
aloft.

TS Dot slowly formed in an area of broad,
low~-level easterlies, high surface pressures,
and strong upper-level shear. The conditions
for significant tropical cyclone development
were poor while the system existed east of
the Philippine Islands. After crossing the
Philippines, however, Dot reached tropical
storm strength while over the South China
Sea.

FIGURE 3-04-1. Tropical Stoam Dot at 30 kt (15 m/sec)
dntensity while over nonthean Mindanao, 11 May 1979,
100292, (DMSP .imagery)

‘FIGURE 3-04-2. Tnopical Stonm Dot while recuwrving
itoward Manila, 12 May 1979, 23531. (DMSP imageny)



£ '\) 1’_ 4
o : _
i % s —
; i | -
T - T
— T T
| | | ,
Co -+ - TROPICAL * T 1
+ - - - -7 - DEPRESSION 05 % T 1
-~ T ° BEST TRACK TC-05 i "' i
- T 23 MAY-24MAY 1979 T e — ]
f——+—+——+ MAX SFC WIND 30KTS ———130f— st A N —t—
T S '_ MINIMUM SLP 998 MBS o P 1 \ . *’ _ ~ ]
3 T ¢ . 1
Lo famld C24 .'-.'\_ . \A S Lo o
o) [ F. i P10 { T b d—1 1 : 1 [ fomred
L Y 2T LR IS S ] T&EL T L T T
©af | | o \ . +\ . \ WO JIMA . i o d
23] Cevee ,.-_:'\ . ZQQ . 2 3 . s o3
Lizery sl o _\13_5. R
\ 22 *
F 4 .\ g o4 25 .4 . L4 . o4
; 22— A A
- 9s . L. . * .
- L N i . pr
4 - P .
p—— b ——+ e
+ . P - .
- 4 f. -
e N N
- . e
. . - o . B o4 . . -4
LEGEND B
=~ 06 HOUR BEST TRACK POSIT .
A SPEED OF MOVEMENT ]
B INTENSITY i
C  POSITION AT XX/0000Z S
oo TROPICAL DISTURBANCE Ly e
s+ TROPICAL DEPRESSION :
— ~ TROPICAL STORM T
——— TYPHOON
@ SUPER TYPHOON START
<> SUPER TYPHOON END
+o¢ EXTRATROPICAL oo -
»»s DISSIPATING STAGE ]
% FIRST WARNING ISSUED R
I LAST WARNING iSSUED
T ~

26



MONSOON/TROPICAL DEPRESSION (05)

Early season disturbances in the South
China Sea, as discussed by Ramage (1971), may
develop as a result of active monscon troughs
which extend eastward across Southeast Asia
into the South China Sea (SCS). During late
May, increased convergence in the enhanced
southwest monsoon flow produced a significant
increase in convection across the SCS, and
several weak surface circulations were noted
along the monsoon trough between Hainan
Island and northern Luzon. Surface/gradient
level synoptic analysis at 1700002 confirmed
the existence of an elongated pressure trough
with several 1005 mb centers. The main cir-
culation, located northeast of the Paracel
Islands, was actually north of the main con-
vective area which covered most of the SCS
south of the trough. Characteristies of SCS
monsoon depressions include: strong enhanced
southwesterly flow with light winds near the
depression center; large areas &f convection
associated with convergence in the south-
westerly flow with little curvature in
towards the center; a relatively flat surface
pressure regime of large areal extent; and,

a mid-tropospheric cyclonic circulation over
the area (Ramage, 1371). These conditions
were observed in this area.

Initially, TD 05 drifted southwestward
east of the Paracel Islands. By 2000092 a
slow, eastward-tracking 500 mb short-wave
over central China caused TD 05 to accelerate
northeastward. BAs TD 05 accelerated,
increased cyclonic shear at the surface
southeast of Taiwan caused the system to
transition from a monsoon depression to a
tropical depression with a small anticyclonic
outflow center evident aloft. (Many SCS mon-
soon depressions never make this transition,
usually dissipating after 3-4 days.) Totally
divorced from the monsoon trough, TD 05
tracked eastward through the Bashi Channel
and then along the remnants of a weak frontal
boundary. TD 05 was not forecast to intensi-
fy significantly, but it merged with an
extratropical frontal boundary near 22.0N
124.8E and produced an improved satellite
signature at 2300182% (Fig. 3-05-1) which in-
cluded a banding-type eye. (Banding-type
eyes are usually characteristic of more
intense tropical cyclones.) Synoptic analy-
ses during the life of TD 05 never indicated
an intensity above 30 kt (15 m/sec). The
lowest pressure recorded was 998 mb measured
by a ship close to the circulation center.
This pressure eguates to approximately 32 kt
(17 m/sec} (Atkinson and Holliday, 1975).

FIGURE 3-05-1. 70 05 at 30 kt (15 m/sec) intensity
with banding-type eye moving east-norntheastwarnd at
20 kt (37 km/hn), 23 May 1979, 0018Z. (DMSP imagery)
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TYPHOON ELLIS (06)

The tropical disturbance, which later
became Typhoon Ellis, was first noted on
satellite and synoptic data on 25 June 1979,
The surface/gradient-level analysis showed
that a broad monsoon trough had developed
between Guam and the Philippine Islands. At
upper-levels, a Tropical Upper Tropospheric
Trough (TUTT) was oriented northeast-
southwest between the Volcano Islands and
the central Philippine Islands. This TUTT
allowed excellent upper-level outflow to the
northeast and was expected to induce inten-
sification of the tropical disturbance
southeast of the TUTT axis. Therefore, a
Tropical Cyclone Formation Alert (TCFA) was
issued for the area valid at 2700002.
However, significant development did not
occur. Reconnaissance aircraft could find
only a very broad surface circulation with
relatively high surface pressures. The
surface circulation drifted under the TUTT
and the associated convection was suppressed;
development was thereby thwarted. Based on
the superposition of the TUTT and the surface
circulation and the fact that the overall
satellite signature had not improved, the
TCFA was cancelled at 282000Z.

The area was closely monitored, and when
satellite imagery showed increased convec-—
tive development and surface data showed
decreasing pressures and increasing winds, a
second TCFA was issued valid at 300600z.
Subsequent aircraft investigation revealed a
minimum sea-level pressure of 1000 mb and
surface winds in excess of 35 kt (18 m/sec).
Based on this new information, the first
warning on TS Ellis was issued at 0100002
July. Ellis was in a favorable position at
that time and steady intensification occurred
over the next 2 days.

FIGURE 3-06-1. Typhoon ERLLs (Left]) at maximum
Antensity of 85 kt (44 misec), 7 July 1979, 23561.
TS Faye (night) is developing nonth of Woleai.
{DMSP imagery)

For his entire lifetime, Ellis followed
an uncomplicated, classic west~northwest
track at near climatological speeds ranging
from 9-14 kt (17~26 km/hr). Post-analysis
indicates that Ellis was moving under the
influence of the east-southeasterly steering
flow on the southern edge of the subtropical
nid-tropospheric ridge. Ellis' nearly
straight track is due primarily to the fact
that this ridge did not change in intensity
or orientation during the peried.

Ellis reached typhoon strength at
0212002 and a maximum intensity of 85 kt
(44 m/sec) at 030000z (Fig. 3-06-~1). Con-
tinued intensification was anticipated, but
a slow weakening trend was actually
observed. As with Tropical Storm Faye, this
weakening was associated with a drastic
change in the upper-level flow pattern.

During Ellis' developing stage, the TUTT
was located to the north-northwest and was
providing the necessary outflow channel to
the northeast. By 0200002, however, an
upper-level anticyclone over central China
began to ridge eastward, forcing the TUTT to
the northeast. Strong upper-level north-
easterly winds associated with this anti-
cyclone began to exert pressure on Ellis,
shearing the convective activity to the
southwest. Continuing west-northwest in
this shearing environment, Ellis weakened
steadily. By the time he was in the South
China Sea, Ellis had weakened to tropical
storm strength and was a completely exposed
low-level circulation (Fig. 3-06-2).

With winds of 54 kt (26 m/sec), Ellis
made landfall on the Chinese coast at
060000Z, 164 nm (296 km) southwest of Hong
Kong and dissipated rapidly over land there-
after.

FIGURE 3-06-2. Tropical Storm ELLLs as an exposed
Low-Level cireulation in the South China Sea, 5 July
1979, 01012, (DMSP .imageny §nom Det 5, MW, Clark
AB, RP}
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TROPICAL STORM FAYE

140°
T

(07)

FIGURE 3-07-1.
0200007 Jukby 1979.

Tropical Storm Faye proved a most inter-
esting case study, not because it developed
into an intense tropical cyclone, but because
typhoon intensity was not attained as fore-
cast.

TD 07 was first analyzed as a closed
surface circulation about 800 nm (1482 km)
southeast of Guam on the 28th of June. The
associated convective activity remained dis-
organized until 011200% July. At that time a
TUTT cell developed north of the system;
thereby providing an excellent upper-level
outflow channel to the northeast (Fig. 3-07-
1). The wind data plotted in figures 3-07-1,
-3 and -5 are a combination of RAOBS, AIREPS
and satellite-derived winds for the 250 mb to
150 mb levels.

Diffluence over TD 07 was extensive and
well-defined. The satellite signature also
showed improved outflow (Fig. 3-07-2), and
further intensification was expected.

Uppenr

-Level streambine analysis ot

31

FIGURE 3-07-2.,
become TS Faye, 02 Juty 1979, 00227.

The tropical depression that was to
{DMSP imagery)



FIGURE 3-07-3. Upper-Level stneambine analysis at
0512002 July 1979.

The flow pattern over the depression.
(TD 07) remained favorable for development
for the next two days and tropical storm
intensity was reached by 031800Z. Continued
intensification was still anticipated with
typhoon strength forecast withan 18 hours.

Instead of intensification, however,
Faye weakened. Post-analysis shows that
Faye's weakening, and subsequent dissipation,
was linked to a radical change in the upper-
level flow pattern. Whereas figure 3-07-1
shows a tropical cyclone in excellent posi-
tion for intensification, figure 3-07-3 shows
just the opposite. By 051200Z, a large
upper-level anticyclone over China was begin-
ning to build southeastward into the western
Pacific toward Faye. Faye's outflow channel
to the north became restricted and her low-
level circulation center became exposed
(Fig. 3-07-4). The mid- to upper-level
centers and the associated convection were
sheared off to the southwest by increased FIGURE 3-07-4. TD 07 [FAVE}, 05 July 1979, 1202Z.
" northeasterly winds at the upper-levels. Strong uppen-Level nontheasterlies have begun Zo
shean off the convection to the southwest.
(DMSP imagery, MoonLight Visual
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FIGURE 3-07-5. (pper-Level streambine analysis at
0612002 July 1979.

Displacement between surface and upper-
level centers was observed often during the
1979 season (e.g., see discussions on Hope,
Irving, Ellis). Development is usually
arrested in this situation, until the system
becomes aligned in the vertical. In the case
of TS Faye, the upper-level pattern failed to
improve. Figure 3-07-5 shows that by 061200%
the upper-level ridge had intruded as far
east as Guam and that northeast winds aloft
had increased to 50 kt (26 m/sec). At that
time, Faye's low-level circulation was fully
exposed (Fig. 3-07-6).

This exposed low-level circulation
meandered northwestward for two days and
eventually dissipated northeast of Luzon.

The short history of Tropical Storm Faye
is an excellent example of premature dissipa-
tion induced by strong vertical wind shear.

FIGURE 3-07-6. TD 07 (FAVE] is now a 4 exposed
Zow-(eyez cirenbation, 06 Juby 1979, 15??%? P
(DMSP .imogeny, Moonlight V.isual)
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TROPICAL DEPRESSION 08

For the greater part of its life, TD 08
was an exposed low-level circulation with
the major convective activity detached to
the north of the surface center
(Fig. 3~08-1). Aircraft reconnaissance
confirmed an exposed surface circulation
approximately 100 nm (185 km) south of the
convective center at 241016%.

TD 08 was not expected to intensify to

tropical storm strength as a result of
Strong vertical shear which began on 231200%.
However, initial warnings were issued based
on the forecast track which indicated
passage directly over Okinawa.

Post-analysis indicated that the calm-
wind center did indeed track over Okinawa
with most of the convective activity track-
ing well north of the island,

FIGURE 3-08-1. Ingnared &

TD 08's 2412002 sun,
- nelative to surface
ainenaft neponts {<—,).

tmagery of TD 08 at maximum
Antensity of 20 kt (37 m/sec), 24 Juby 1979, 12441

face center (@) is depicted
ship reponts [ ——) and 700 mb
(DMSP imageny)
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SUPER TYPHOON HOPE (09)

The disturbance which eventually
developed into the first super typhoon of
1979 became evident on satellite imagery at
2500002 July as a focal point of cumulus
banding. Future intensification was indi-
cated as the disturbance was situated within
an area of strong upper-level diffluence as-
sociated with the southern periphery of an
east-west oriented TUTT. This outflow mech-—
anism aloft, combined with an improved satel-
lite signature, dictated issuance of a
Tropical Cyclone Formation Alert at 2507513%;
the alert box described an area southwest of
Guam. Subsequent aircraft reconnaissance at
2509002 described a cyclonic circulation with
wind speeds of 15-25 kt (8-10 m/sec) and a
central pressure of 1004 mb centered near
11.1N 144.5E. Based on this aircraft data
and the proximity to Guam, the first warning
on TD 09 (Hope) was issued at 2512003Z.

From the 25th through the 26th of July,
while TD 09 (Hope) tracked to the west-
northwest, the TUTT axis shifted northward
and strong upper-level northeast flow domi-
nated the area. The resultant shear produced
by this uni-directional upper-level flow
displaced the convective activity to the
southwest of the surface circulation, indi-
cating a loss of vertical alignment and sub-
sequent weakening. By 270600Z, the center of
the convective activity was displaced 120 nm
(222 km) southwest of the low-level circula-
tion center. Surface analyses, at this time,
indicated the southwest monsoonal flow was
being channeled principally into Tropical
Storm Gordon located 750 nm (1389 km) to the
northwest of TD 09 (Hope), With further
weakening of Hope expected, a final warning
was issued at 2704512 advising that the area
would be closely monitored for possible

regeneration. Post-analysis showed that from
271200z through 280000Z, the TUTT weakened
with resultant reduced shear over TD 09
(Hope). Conditions for development being
improved, reorganization took place and TD 09
Eegan to develop. Unfortunately, the improve-
ment in the surface circulation went un-
noticed as it occurred during the night when
only infrared satellite imagery, on which
low-level clouds are difficult to distin-
guish, was available. An aircraft investi~
gation on the morning of the 28th reported a
surface pressure of 999 mb with 45-50 kt
(23-27 m/sec) winds in the heavy convective
activity to the southwest of the surface
center. A warning was issued at 280221Z
indicating the regeneration of TD 09 (Hope).

By 2800002, Tropical Storm Gordon had
mcved into the Luzon Straits., Due to the
orographic blocking of the Philippine land
mass, the majority of the strong southwest
monsocnal flow was diverted into Hope. This
increased low-level inflow coupled with
decreasing upper-level shear resulted in a
much improved vertical structure with feeder~
band activity developing in the south;
2820522 aircraft reconnaissance supported
this improved organization trend. Post-
analysis indicates that TD 09 (Hope) could
have been upgraded to tropical storm intensi-
ty 12-24 hours prior to the warning upgrade
at 290000Z, as 35-45 kt (18-23 m/sec) winds
were reported in feederband activity as much
as 24 hours earlier (Fig. 3-~09-1). By
2909202, a well-defined eye with a central
surface pressure of 972 mb and 65~70 kt
(33-36 m/sec) surface winds were reported by
aircraft data; the 2912002 warning upgraded
Hope to a typhoon.

FIGURE 3-09-1. Hope {night) at tropical storm intensity 570 nm (1056 km) nontheast of Guam, 29 Juby 1979, 02192
Tropical Stonm Gondon {Led2) £s 100 nm {185 km) east of Hong Kong., {OMSP imagery)



The 2912002 200 mb analysis indicated
the TUTT had again established itself north
of Hope. Due to the east-west orientation of
the TUTT, strong westerly flow along its
southern periphery enhanced Hope's upper-
level anticyclonic outflow. Aircraft recon-
naissance at 292031Z indicated a sharp
decrease in surface pressure to 961 mb with
the temperature/dewpoint data correlating to
an equivalent potential temperature (6o) of
359K, An empirically derived forecast aid
that relates pressure and 8, indicates that
once the traces intersect, rapid intensifica-
tion can be expected within 18-30 hours (Fig.
3-09-2). The intensification equates to a
possible mean pressure decrease of 44 mb and
a mean wind speed increase of 50-60 kt (26~
30 m/sec). Typhoon Hope verified this study
36 hours after the intersection occurred;
reconnaissance aircraft reported a surface

pressure of 898 mb and wind speeds of 100~ FIGURE 3-09-3. 1Ingrared imagery of Hope just aften
120 kt (51-62 m/sec). By 3112002, Hope atxaining super typhoon intensity of 130 kt
attained super typhoon intensity of 130 kt (67 m/sec), 31 July 1979, 1244Z.  (DMSP .imagery}

(67 m/sec) (Fig. 3-~09-3).
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FIGURE 3-09-1. Time cross-section of Hope's minimum sea-fevel pressure versus equivalent potential temperature
(THETA E (8,)] derived §rom aircraft reconnaissance.



Hope entered the Luzon Straits approxi-
mately 4 days after Tropical Storm Gordon.
Hope's compact wind structure and a slight
weakening trend were noted as Heng Chun (WMO
46752) on the southern tip of Taiwan reported
sustained winds of 40 kt (21 m/sec) with
gusts to 86 kt (44 m/sec) at 011000Z as Hope
passed 45 nm (83 km) south of the station.
Two persons on the Batanes Islands and one
person on Taiwan were killed as a result of
the torrential rainfall experienced as Hope
tracked through the Luzon Straits.

Typhoon Hope made landfall less than
10 nm (12 km) north of Hong Xong at 0205302
(Fig. 3-09-4) with maximum sustained winds
of 70 kt (36 m/sec) and gusts to 110 kt (57
m/sec) reported. Figure 3-09-5 is a time
sequence of the surface observations received
from the Royal Observatory of Hong Kong
during Hope's passage. Extensive wind and
rain damage, 3 deaths and over 258 injuries
were reported. Damage to shipping within
Hong Kong harbor was heavy as 17 ships broke
their moorings and 8 ships collided.

Subseguent to passage over Hong Kong,
Hope moved into southern China and weakened.
The final warning was issued at 030111Z down-
grading Hope to tropical storm intensity.
Hope's uncomplicated northwest track after
development into a typhoon resulted in mini~-
mal right-angle track errors with her unex~
pected acceleration accounting for the
majority of the discrepancy.

Although weakening considerably during
passage over southeast Asia, Hope did main-
tain a satellite signature and exited into
the northern Bay of Bengal 110 nm (204 km)
southeast of Dacca, Pakistan at 0605002.

45005 - HONG KONG OBSERVATORY

02/01z

02/02z

ST HOPE

FIGURE 3-09-4. Typhoon Hope at 100 kt (51 m/sec)
Antensily, 3 houns prion to closesi point of approach
to Hong Kong,” 2 August 1979, 02471. (DMSP imagery!

Strengthened once again by pre-existing
strong southwest monsoonal flow, Hope rein-
tensified from 0700002 through 0718002 with
maximum sustained winds of 35 kt (18 m/sec)
reported on 071200Z surface analysis. A
tropical cyclone warning was not issued due
to Hope's proximity to land and her expected
movement into northeastern India within 12
hours. Hope, however, was discussed at
length in the Significant Tropical Weather
Advisory (ABEH PGTW).

DATE:02 JULY 1979 / TIMES:01-10Z

02/10t

2 991
So

FIGURE 3~09-5.
04 Typhoon Hope.
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tournly surface synoptic observations from the Royal Observatony of Hong Kong (ROWK) dusing passage



o° 10%° 110° 115° 120°
T v v T I T "
. - -l\- -+ —_—
o
>—-.'__‘ : T "'/" ‘ T T
| i 1
- \‘\ ’,_/ 4+
- 4 R 4 4
; ! 1 " TROPICAL
S 1. ... STORM GORDON
| ’ BEST TRACK TC-10
" T T © 26JUL-29JUL 1979
. 1 1 .

MAX SFC WIND 60 KTS
MINIMUM SLP 980 MBS

e ——————— g ———
WO JIMA
L . R 4 P
3¢ 138° “o° 1
20" ¥ -0y K
26 .4 °,° o+ 4
A CT : ;O‘I": O
L ..’...ono\l : L -
A ABEH ! -
A | 1 .
et ———+—
C o
B . T T “&ul
-+ -+ -
2 e
T T T T T 1 T T t
: @
. - - . YAP- + .
i PALAU 1S 0- i » )
LEGEND ~ R T - woed
P-4 06 HOUR BEST TRACK POSIT <\, = = T ] 0T C
A SPEED OF MOVEMENT 0] SR ——t ; — ———
B INTENSITY o ] 1 oL 4
€ POSITION AT XX/0000Z ?
eso TROPICAL DISTURBANCE ' r T )
ss TROPICAL DEPRESSION : 4
— — TROPICAL STORM s

— TYPHOON

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




TROPICAL STORM GORDON (10)

Gordon, the 10th significant tropical
cyclone of 1979, developed in late July in
the monsoon trough near 20N-135E and even-
tually made landfall east~northeast of Hong
Kong. A stronger sister, Hope (TD 09), fol-
lowed Gordon several days later on a similar
track into Hong Kong. Note that TD 09 (Hope)
and TD 10 (Gordon) are alphabetically out of
sequence because TD 10 was upgraded to tropi-
cal storm stage before TD 09.

Post-analysis revealed that Gordon
reached tropical storm intensity at the time
of the first warning. CINCPACINST 3140.1N,
section 2.5.1., paragraph b states that warn-
ings will be issued when "maximum sustained
wind speeds are forecast to increase to 34 or
more knots within 48 hours.”™ 1In this case,
there was no lead time between the first
warning and tropical storm stage. Figures
3-10-1 and 3-10-2 illustrate why this
occurred. TD 10 developed rapidly within the
22-hour time period between these figures.
Synoptic data indicated increasing southwest
monsoon flow into the area during this
period; yet no definitive surface circulation
could be located. The most significant find-
ing of the post~analysis was that Gordon
could not be traced back 48 hours prior to
the first warning from available synoptic and
satellite data, and, therefore, falls into
the category of ‘a rapid developing system.

Gordon's track took an unexpected jog
northwestward while passing south of Taiwan
(Fig. 3-10~3). (Typhoon Hope took a similar,
but less pronounced, jog.) This northward
adjustment is historically evident from
tropical cyclones that pass south of Taiwan.
The influence of Taiwan's high mountain
range is thought to be responsible. As
tropical cyclones pass south of Taiwan, they
induce lee-side troughing west of the moun-
tains over the Formosa Strait and track
northwestward in response.

FIGURE 3-10-1. Tropical Stonm Gondon in its infancy
4 houns prion to being discussed on the Significant
Tropical Weathen Advisony (ABEH PGTW),

75 Juby 1979, 015127. (DMSP imagery)
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FIGURE 3-10-2. Tropical Stonm Gordon 22 hours after
Figure 3-10-1 showing increased development,

25 July 1979, 23507. A Tropical Cyclone Formation
Alent was issued 6 hourns prion to this time.

(DMSP imagery)

FIGURE 3-10-3. Kaohsiung radarn presentation of
Gondon at 2821037 after passing south of Taiwan,
{Photograph cowrtesy of the Central Weather Bureau,
Taipei, Taiwan.)
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TROPICAL DEPRESSION 11

The TD symbol (@) ia

FIGURE 3-T1-1. Tropical Depnession 11 at 20 kt (10 m/sec) intensity, 5 August 1979, 21532,
cineulation center as defermined by aircraft neconnaissance at 0522227,

supenimposed at Location of surface
Considerable ventical shear existed over the &
stnength. (DMSP imagery)

ystem and was the reason that it did not develop into trnopical stomm
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TYPHOON IRVING (12)

Surges in the southwest monsoon frequent
the western North Pacific during the early
tropical cyclone season and produce wide-
spread convection from the Malay Peninsula to
as far east as Guam. During the same period,
the 500 mb monsoon trough fluctuates eastward
across the South China Sea (SCS) and occa-
sionally into the Philippine Sea. By late
July 1979, an eastward extension of the mid-
level monsoon trough was the main synoptic
feature west of Guam. The 500 mb trough axis
extended along 15N from northern Vietnam
through the central SCS and then eastward
into a guasi-stationary low pressure center
over the Philippine Sea.

Oon 7 August at 1200Z, a developing
surface circulation was cbserved at the
eastern end of the monsoon trough near 14.1N
137.7E. This weak circulation tracked
cyclonically around the eastern periphery of
the broad 500 mb low pressure center in the
Philippine Sea. Taking on the characteris-
tics of a monsoon depression (Ramage, 1971),
Irving was described in aircraft reconnais-
sance data received from 9-11 August as a
weak depression with poor vertical alignment
and maximum surface winds located 150 to
180 nm {278 to 333 km) west of the surface
center. At this stage, Irving displayed an

€~ OKINAWA _ ¢~ ™
a o

FIGURE 3-12-1. Typhoon Trving as a weak tropical
depression with an exposed Low-Level cireubation,

10 August 1979, 01261. Puion to intensification,
ainenaft reconnaissance consistently observed Zhe
maximum convection to the west of the surface center.
[DMSP imag e/}

exposed low-level circulation in satellite
imagery with maximum convection located to
the west of the surface center (Fig. 3-12-1).
Ship synoptic data during the same period
indicated that 25-35 kt (13-18 m/sec) winds
extended outward 120 nm (222 km) south of the
surface center.

By the 1llth, the monsoon surge had
weakened and receded westward, leaving a
cut-off 500 mb low over the Philippine Sea
in the vicinity of Irving's surface circula-
tion. Irving executed a small, tight
cyclonic loop on the 1llth. During the loop,
vertical alignment between the surface and
the 500 mb center improved, and Irving
intensified to tropical storm intensity.
Simultaneously, a break developed in the
500 mb subtropical ridge to the north, and
Irving tracked north-northwestward towards
the Ryukyu Islands while intensifying further
to typhoon strength. Although originally
forecast to recurve south of Japan, strength-
ening of the 500 mb ridge southeast of Japan
caused Typhoon Irving to track over the
western East China Sea and accelerate north-
northeastward across Korea before merging
with an extratropical frontal boundary north
of Japan.

Although not a spectacular typhoon,
Irving's apparent sinusoidal motion, un-
usually large wind radii, failure to rapidly
deepen and damage to southern Korea are
noteworthy. Sinusoidal motion of tropical
cyclones has been observed for many years,
especially when short-term movements are
observed by accurate fix platforms such as
land radar (Fig. 3-12-2) and reconnaissance
aircraft. Sinusoidal motion was observed
from 1316002 to 151800Z as Irving tracked
north-northwestward through the East China
Sea. Radar reports from the Ryukyu Islands

FIGURE 3-12-2. Typhoon Irving as seen by the radar
at Haulien, Taiwan. Trving tracked north-nonthwest-
ward acnoss the southenn Ryukyu Tslands and was
accurately tracked by eight nadan sites, 14 Augusi
1979, 17002, (Photoghaph countesy of the Central
Weather Bureau, Taipet, Tatwan)
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clearly indicate that Irving oscillated
about an overall north-northwest track
(Fig. 3-12-3).
. The relationship between Irving's surface
and 500 mb centers during the earlier stages
of development produced unusually large
"surface wind radii. Synoptic and aircraft
data between 0920002 and 1200002 indicate
that Irving's maximum wind band actually
existed 150-200 nm (278-370 km) west of the
large, calm-wind surface center. Although
the maximum wind hands did eventually migrate
towards the surface center, the wind radii
remained large for the duration of Irving.
The large wind radii may be related to
Irving's developmental interaction with the
500 mb monscon low and its large areal ex-
tent. Irving never became a tight, well-
developed tropical cyclone. Aircraft recon-
naissance during the period of eyewall
development indicated that Irving had a large
30 nm (56 km) diameter eye with the radius of
over 30 kt (15 m/sec) winds extending out-
ward 400 nm (741 km) in the eastern semi-
circle.

Unlike Super Typhoon Hope, Typhoon Irving
(Fig. 3~12-4) did not follow the intensifica-
tion pattern suggested by JTWC's Equivalent
Potential Temperature (8g)/Minimum Sea-level
Pressure Study. This study indicates that
sea-level pressure should fall about 44 mb
and maximum surface winds should intensify an
average of 55 kt from the point where the 8,
and pressure curves intersect (see Super
Typhoon Hope, Figure 3-09-2). The reason
why Irving failed to intensify further is
not known.

Typhoon Irving was the first tropical
cyclone to strike Korea in 1979. Rapidly
weakening as he made landfall, Irving spared
southern Korea from the destructive typhoon
force winds he had maintained through most of
the East China Sea. Xorea did, however,
receive torrential rains which produced wide-
spread flooding. The hardest hit area was
the island of Cheju Do where 4.3 inches
(109.7mm) of rain were reported at Cheju.
Official estimates reported 150 dead or mis-
sing, 1000-2000 homeless and approximately
10-2¢ million US dollars damage to food and
agriculture.

FIGURE 3-12-4. Although Typhoon Trving did not
develop acconding to intensification studies, Inving
did possess good feederband activity and cirus
outflow, 14 Augusit 1979, 02282. (DMSP imageny)
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SUPER TYPHOON JUDY (13)

FIGURE 3-13-1,

Ingrared imageny of tropical distun-

bance (Judy) white Southeast of Guam, 16 August 1979,
11202, The stan denotes the approximate Location of
a weak surface center discovered by a neconnaissance

alreraft about 4 hours earnbier.

Of all the typhoons of 1979, Judy's
significance was only surpassed by Super
Typhoon Tip. Judy eventually developed into
the year's second super typhoon, but more
importantly, she served as a reminder of how
rapidly a minor tropical disturbance can
develop into a dangerous tropical cyclone.

Surface synoptic data from the begin-
ning to the middle of August showed that the
area south and east of Guam was fairly
inactive. Good cross-equatorial flow was
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(DMSP .imageny)

present, but only a few flare-ups of convec-
tive activity were noted. Surface circula-
tions were broad, ill-defined and transient.
By 15 August, however, synoptic and
satellite data revealed a tropical distur-
bance, about 120 nm (222 km) east-northeast
of Truk, which was to eventually become
Typhoon Judy.

This area was closely monitored by JTWC,
and when the satellite signature began to
improve, a Tropical Cycdode Formation Alert
was issued at 152100%Z,



No significant pressure falls were
observed over the area as the disturbance
drifted slowly west-northwestward. &
reconnaissance aircraft at 160700Z was able
to define only a weak surface circulation
with a MSLP of approximately 1006 mb and
observed surface winds in the south semi-
circle of 10 kt (5 m/sec) or less
(Fig. 3-13~1).

Rapid intensification was not expected
at that time, but at 161635%, less than 10
hours after the aircraft investigation,
weather radar at Andersen Air Force Base,
Guam, located a well-defined circulation
center moving west-northwest toward Guam at
15 kt (28 km/hr). Gradient-level wind
reports from Guam, Truk, Palau and Ulithi at
1612002 also showed that the low-level in~
flow pattern associated with the disturbance
had increased in areal extent. The distur-
bance continued tracking toward Guam and at
1618002 the center passed over the Naval
Oceanography Command Center (NAVOCEANCOMCEN]) ,
Guam building on Nimitz Hill (Fig. 3-13-2).
NAVOCEANCOMCEN reported a MSLP of 1001.0 mb
and a wind gust to 51 kt (26 m/sec) at that
time. Based on this "first-hand" informa-
tion, JTWC issued the first warning on
Tropical Storm Judy at 161300Z. Post-
analysis revealed, however, that Judy did
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FIGURE 3-13-2. Micwbarograph thace recorded at
NAVOCEANCOMCEN, Guam dwiing the passage of TD 13
{Judy) at about 1615007, August 1979.

) Judy intensified steadily while follow-
ing a nearly climatological west-northwest
track at 10-12 kt (19-22 km/hr) for the next
24 hours. She reached typhoon strength at
approximately 180300%Z. After that, a long-
wave trough in the mid-level westerlies,
moving over Japan toward the Pacifac,
fractured the subtropical mid-tropospheric
ridge north of Judy, allowing her to track
more to the northwest,

During the next 36-hour period, after
reaching typhoon strength, Judy's central
pressure dropped 69 mb and she attained
super typhoon strength at 200000Z. Her
lowest central pressure, 887 mb, was
measured by a reconnaissance aircraft at
192145%Z. Three distinct, concentric wall
clouds were also noted at that time
(Fig. 3-13-3). Super typhoon intensity was
maintained until 201500Z, with gradual
weakening thereafter.

Forecast aids indicated that Judy would
pass to the south of Okinawa, but based an
her persistence track and the deep trdh
that existed over Japan at 500 mb, Judy was
forecast to recurve east of Okinawa, The
steering aids were reacting to the mid-level
PE Forecast series which built the ridge
back between Japan and Judy. The numerical
forecasts had not been verifying well up to
that point, and, 