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PROMULGATIONOF 1987 ANNUAL TROPICAL CYCLONE REPORT

(a) USCINCPACINST 3140. 1s (NOTAL)

1988

1. The Annual Tropical Cyclone Report for 1987 is promul~ated in
accordance with the provisions of reference (a). - -

2* The 1987 tropical cyclone season marked the beginning of a
new era in tropical cyclone forecasting. Despite an unusually
active season, forecasters made a mid-season transition from an
aircraft based reconnaissance system to one based mostly on
satellites, while recording the lowest track errors in the
center~s history.

3* The initial release of the Joint Typhoon Warning Center
Automation Program hardware and software package also arrived on
Guam in 1987. This program has already proved very successful
and promises to be one Of the most significant advances in the
operational forecasting of tropical cyclones.

4. Despite the tremendous added pressures of the 1987 season,
the staff has pulled together and done an outstanding job in
publishing this document six months ahead of last year. I hope
you find this report a valuable contribution to your library.
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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
USCJNCPACFLT to provide a single tropical cyclone warning
center for the western North Pacific region. The operations of
JTWC are guided by CINCPACINST 3140.1 (series).

The mission of the Joint Typhoon Warning Center is
multi-f aceted and includex

1. Continuous monitoring of all tropical weather
activity in the northern and southern hemispheres, from 180
degrees longitude westward to the east coast of Africa and the
prompt issuance of appropriate advisories and alerts when
tropical cyclone &veloprnent is anticipated.

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

3. Determina tion of reconnaissance requirements
for tropical cyclone surveillance and assignment of appropriate
priorities.

4. Post-storm analysis of all signitlcsnt tropical
cyclones occurring within the western North Psciflc and North
Indian Oceans, which includes an in-depth analysis of tropical
cyclones of note and all typhoons.

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

Satellite imagery used throughout this report
represents data obtained by the tropical cyclone satellite
surveillance network. The personnel of Detachment 1, lWW,
collocated with ITWC at Ntitz Hill, Gum coordinate the
satellite acquisitions and tropical cyclone surveillance with the
following units:

Det 4, 20WS, Hickam AFB, Hawtil

Da 5, 20WS, Clark AB, RF

Det 8, 20WS, Kadena AB, Japan

Det 15, 30WS, Osan AB, Korea

Air Force Global Weather Central,
Offutt AFB, Nebraska

In addhion, the Naval Oceanography Command lletachmen~
Diego Garcia, and Defense Meteorological Satellite Program
(DMSP) equipped U.S. Navy aircraft carriers have been
instrumental in providing vital satellite position flies of tropical
cyclones in the Indim Ocean.

Should JTWC become incapacitate~ the Alternate
Joint Typhoon Warning Center (AJTWC) located at the U.S.
Naval Western Oceanography Center, Pearl Harbor, Hawtil,
assumes warning responsibilities. Assistance in detemdning
satellite reconnaissance requirements, and in obtaining the
resultant data, is provided by Det 4, 20WS Hickam APB,
Hawaii.

Changes to this year’s publication include statistical
verification for individual warnings for the North Irdan Ocean
and the southern hemisphere are provided. Again, as last year,
raw fii data fdes previously printed in hnex A, plus the raw
warning, forecast and best track @ will be availabl~ upon
request (the requested data will be copied onto 5.25 inch
“floppy”’ diskettes provided by the requester); and, with
reference to best track philosophy, a conscious effort has been
made to extend the post-warning best tracks to provide better
verification for the 48- and 72-hour forecasts.

A special thartks is extended to the men and women
ok 27th Information Systems Squadron, Operating Location C
and the Operations section of the Naval Oceanography
Command Center, Guam for their continuing support by
providing high quality real-time satellite imag~, Marine Corps
Air Statiou Futenm% Japan for their satellite fm suppofi, the
PacKlc Fleet Audio-Visual Center, Guam for their assistance in
the reproduction of satellite data for this repofi to the Navy
Publications and Printing Service Branch Office, G=, the
Royal Observatory Hong Kong for supporting synoptic data on
Super Typhoon Lynn (20W); the Central Weather Bureau,
Taiwan for radar scope photographs of Typhoons Vernon
(06W), Alex (08W) and Gerald (14m Dr. Bob Abbey of the
Office of Naval Research for his technical support to this
publication Mr. Michael Fiorino at NEPRF for his software
cxmversion for the statistical programs; Mr. S.D. Rice, manager
of Mobil Oil Mkxonesiz Inc. for his damage photos of Ulithi
Atoll after Typhoon Orchid (OIW); Dr. Greg Holland for
sharing the ship’s log account of Typhoon Lynn (20W); and
Captain K. W. Reese (USAF) for the reconnaissance photograph
of Typhoon Wynne (07W)

Note: Appen&x IV contairta information on how to
obtain past issues of the Annual Tropical Cyclone Report (titled
Annual Typhoon Report prior to 1980).
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CHAPTER I - OPERATIONAL PROCEDURES

1. GENERAL

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

Significant Tropical Weather
Adviso~~es: issued daily, these products
describe all tropical disturbances and assess
their potential for further development during
the advisory period

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

c. Tropical Cyclone Warnings: issued
periodically throughout each day for significant
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 JTWC warnings.

The recipients of the services of JTWC
essentially determine the content of JTWC’S
products according to their ever changing
requirements. Therefore, the spectrum of
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
Oceanography Center (FLENUMOCEANCEN)
at Monterey, California. These products are
provided to JTWC 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 horn
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 00002 and 12002 using computer- and
hand-plotted data for the surface/gradient and
200 mb (upper-tropospheric) levels. In addition
to these analyses, charts at the 925, 850, 700,
500 and 400 mb levels are computer-plotted
from rawinsonde/pibal observations at the 12-
hour synoptic times.

c. AIRCRAFT RECONNAISSANCE:

Data provided by aircraft weather
reconnaissance are invaluable for locating the
position of the center of developing systems and
essential for the accurate determination ofi

- maximum surface and flight-level
wind

- minimum sea-level pressure
- horizontal surface and flight-level

wind distribution
eye/center temperature and dew
point

In addition, wind and pressure-height
data at the 500 and/or 400 mb levels, provided
by the aircraft while enroute to, or from fix
missions, or during dedicated synoptic-scale
flights, provide a valuable supplement to the all
too sparse data fields of JTWC’S area of
responsibility. A more detailed discussion of
aircraft weather reconnaissance is presented in
Chapter II.

d. SATELLITE RECONNAISSANCE:

Meteorological satellite data obtained
from the Defense Meteorological Satellite
Program (DMSP) and National Oceanic and
Atmospheric Administration (NOAA)
spacecraft played a major role in the early
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detection and tracking of tropical cyclones in
1987. A discussion of the role of these
programs is presented in Chapter II.

e. RADAR RECONNAISSANCE:

During 1987, asin previous years,land-
based radar coverage was utiiized extensively
when available. Once a tropical cyclone moved
within the range of land-based radar sites, their
reports were essential for determination of
small-scale movement. Use of radar reports
during 1987 is discussed in Chapter II.

f. DR.IITING METEOROLOGICAL
BUOYS:

JTWC received wind speed, sea-level
pressure, sea surface temperature and air
temperature reports from Six drifting
meteorological buoys deployed by the U. S.
Navy beginning in the middle of June 1987.
One line of three buoys was deployed along 7
degrees North Latitude from south of Guam
eastward toward the Marshall Islands. Another
set of three was deployed along 11 degrees
North Latitude from southwest of Guam
eastward through the Caroline Islands. The
buoys performed flawlessly throughout most of
the western North Pacific tropical cyclone
season. At the end of the year, four buoys
continued to operate, one no longer transmitted
data and annother was apparently taken to
Tandag City, Mindanao, R. P., where it
continued to transmit. The the northernmost
buoys tracked basically westward and covered
25 to 35 degrees of longitude. The southern
buoys drifted more slowly and erratically. One
buoy either snagged its drouge on a submerged
mef east of Woleai Atoll or became trapped in
an eddy within the island/=f chtin.

JTWC received at least one position
update from each buoy per day and up to eight
meteorological data updates per buoy per day.
Buoy data were consistent with the data from
other conventional sources to the extent that
they was considered to be, in most cases, more
reliable and more accurate than ship reports and
some island reporting stations. As a backup and
position check, JTWC also received buoy data,
on a delay basis, over the AWN (Manop header
SSVX6 LFPW).

An expanded buoy network for the
1988 tropical cyclone season is being planned.

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

3. COMMUNICATIONS

(1) The Automated Digital
Network (AUTODIN) is used for dissemination
of warnings, alerts 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 GQ or
DET 1, lWW NIMITZ HILL GQ.

(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
meteorological reports necessary to satisfy
JTWC requirements for the right data at the
right time. Weather bulletins prepared by
JTWC are inserted into the AWN circuit via the
Naval Environmental Display Station (NEDS)
through the Nimitz Hill Naval Telecom-
munications 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 provide data
directly to the computers to execute numerical
techniques.

b. NEDS has been the backbone of the
JTWC communications system for several
years. Currently, JTWC is undergoing an
upgrade that will make use of microcomputer
technology and automate much of the work that =
goes into message preparation and transmission.
This will decrease the work load on the NEDS
and allow JTWC to interface directly with
NTCC for AWN and AUTODXNmessages.
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4. ANALYSES a. MOVEMENT

A composite surface/gradient-level
(3000 ft (914 m)) manual analysis of the 3TWC
area of responsibility is accomplished daily on
the 00002 and 12002 conventional data.
Analysis of the wind field using streamlines is
stressed for tropical and subtropical regions.
Analysis of the pressure field outside the tropics
is accomplished routinely by the Naval
Oceanography Command Center Operations
watch team and is used by JTWC in conjunction
with their analysis of the tropical wind fields.

A composite upper-tropospheric
manual streamline analysis is accomplished
daily utilizing rawinsonde data horn 300 mb
through 100 mb, winds obtained from satellite-
derived cloud motion analysis, and AIREPS
(taken plus or minus three hours of chart valid
time) at or above 31,000 feet (9,449m). Wind
and height data are used to generate a
representative analysis of tropical cyclone
outflow patterns, mid-latitude steering currents,
and features that may influence tropical cyclone
intensity. All charts are hand-plotted in the
tropics to provide all available data as soon as
possible to the Typhoon Duty Officer (TDO).
These charts are augmented by computer-
plotted charts for the final analysis.

Computer-plotted charts for the 925,
850, 700, 500 and 400 mb levels are available
for streamline and/or height-change analysis
from the 00002 and 1200Z data base.
Additional sectional charts at intermediate
synoptic times and auxiliary charts, such as
station-time plot diagrams and pnxsure-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 1987 (a description of these techniques is
presented in Chapter V):

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

12-HOUR EXTRAPOLATION

CLIMATOLOGY

COSMOS (Model Output
Statistics)

CSUM (Colorado State
University Model)

OTCM (Dynamic Model)

TAPT (Empirical)

HPAC (Half Persistence - Half
Climatology Blend)

TYAN78 (Analog)

b. INTENSITY

(1) CLIMATOLOGY

(2) DVORAK (Empirical)

(3) THETA -E (Empirical)

c. WIND RADIUS (Analytical)

6. FORECAST PROCEDURES

a. INITIAL POSITIONING

The warning position is the best
estimate of the center of the surface circulation
at synoptic time. It is estimated from an ‘
analysis of all fix information received up to
one and one-half hours after synoptic time.
This analysis is based on a semi-objective
weighting of fix information based on the
historical accuracy of the fix pIatform and the
meteorological features used for the fix. The
interpolated warning position reduces the
weighting of any single fm and results in a more
consistent movement and a warning position
that is more representative of the larger-sctde
circulation. If the fix data are not available due
to reconnaissance platform malfunction or
communication problems, synoptic data or
extrapolation fkom previous fixes are used.
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b. TRACK FORECASTING c. INTENSITY 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 set of
objective techniques and numerical prognoses.
This preliminary track is then subjectively
modified based on the following considerations:

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

(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 axis, forecast
changes in speed of movement are closely
correlated with anticipated changes in the
intensity or relative 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
consideration.

(3) Over the 12- to 72-hour (12-to
48-hour in the southern hemisphere) forecast
period, speed of movement during the early
forecast period is usually biased towards
persistence, while the later forecast periods are
biased towards objective techniques. 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 acceleration.

(4) The proximity of the tropical
cyclone to other tropical cyclones is closely
evaluated to determine if there is a possibility of
binary interaction.

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

For this parameter, heavy reliance is
placed on intensity trends from aircraft
reconnaissance reports when available, wind
and pressure data from ships and land stations
in the vicinity of the tropical cyclone, the
Dvorak satellite empirical model and
climatology. 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 (TUTTS), 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 environmental influences along that track,
such as terrain, vertical wind shear, and the
existence of an extratropical environment.

d. WIND RADII FORECASTING

Once the forecast intensities have been
derived, the horizontal distribution of surface
winds (winds greater than 30-, 50-, and 100-kt)
is determined. The most recent wind radii and
associated asymmetries are deduced from all
available surface wind observations and
reconnaissance aircraft reports, Based on the
current surface wind distribution, preliminary
estimates of future wind radii are provided by
an empirically derived objective technique
(Holland, 1980). These estimates may be
subjectively modified based upon the
anticipated interaction of the tropical cyclone’s
circulation with forecast locations of large-scale
wind regimes and significant land masses.
Other factors including the tropical cyclone’s
speed of movement and possible extratropicil
transition are also considered.

7. WARNINGS

Tropical cyclone warnings are issued
when a closed circulation is evident and
maximum sustained winds are forecast to
increase to 34 kt (18 m/see) within 48-hours, or 9
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
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to alert military or civil interests to threatening
tropical weather conditions.

Each tropical cyclone warning is
numbered sequentially and includes the
following information: the position of the
surface centeq estimate of the position accuracy
and the supporting reconnaissance (fix)
platforms; the direction and speed of movement
during the past six hours (past 12-hours in the
southern hemisphere); the intensity and radial
extent of over 30-, 50-, and 100-knot surface
winds, when applicable. At forecast intervals of
12-, 24-, 48-, and 72-hours (12-, 24-, and 48-
hours in the southern hemisphere), information
on the tropical cyclone’s anticipated position,
intensity and wind radii are also provided.
Vectors indicating the mean direction and mean
speed between forecast positions are also
included in all warnings.

Warnings in the western North Pacific
and North Indian Oceans are issued every six
hours valid at standard times; 0000Z, 0600Z,
1200Z and 1800Z (every 12-hours; 0000Z,
12002 or 0600Z, 1800Z in the southern
hemisphere). 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 (03002, 0900Z, 1500Z and 21OOZ).

Warning forecast positions are later
verified against the corresponding “best track”
positions (obtained during detailed post-storm
analysis to determine the actual path and
intensity of the cyclone). A summary of the
verification results for 1987 is present in
Chapter V.

8. PROGNOSTIC REASONING
MESSAGES

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

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

9. TROPICAL CYCLONE
FORMATION ALERTS

Tropical Cyclone Formation Alerts
(TCFAS) are issued whenever interpretation of
satellite imagery and other meteorological data
indicate that the formation of a significant
tropical cyclone is likely. These formation
alerts will specify a valid period not to exceed
twenty-four hours and must either be cancelled,
reissued, or superseded by a tropical cyclone
warning prior to the expiration of the valid time.

10. SIGNIFICANT TROPICAL
WEATHER ADVISORIES

This product contains a general, non-
technical description of all tropical disturbances
in JTWC’S area of responsibility (AOR) and an
assessment of their potential for further (tropical
cyclone) development. In addition, all tropical
cyclones in warning status are briefly discussed.
Two separate messages are issued daily and are
valid for a 24-hour period. The Significant
Tropical Weather Advisory for the western
Pacific Ocean (ABPW PGTW) covers the area
east of 100 degrees East Longitude to the
dateline and is issued by 0600Z. The
Significant Tropical Weather Advisory for the
Indian Ocean (ABIO PGTW) covers the area
west of 100 degrees East Longitude to the coast
of Africa and is issued by 1800Z. It is reissued
whenever the situation warrants. For each
suspect area, the words “poor”, “fair”, and
“good” are used to describe the potential for
development. “Poor” will be used to describe a
tropical disturbance in which meteorological
conditions are currently unfavorable for
developmen~ “fair” will be used to describe a
tropical disturbance in which the meteorological
conditions are favorable for development but
significant development has not commenced;
and “good” will be used to describe the
potential for development of a tropical
disturbance covered by a TCFA.

5



CHAPTER II - 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 and property
both afloat and ashore. A summary of recon-
naissance fixes received during 1987 is included
in Section 6 of this chapter.

2. RECONNAISSANCE
AVAILABILITY

a. Aircraft

Aircraft weather reconnaissance for
JTWC was performed by the 54th Weather
Reconnaissance Squadron (54th WRS) located
at Andersen Air Force Base, Guam. Due to
budgetary decisions, 1987 was the final year for
dedicated weather reconnaissance in the western
North Pacific. The 54th WRS was deactivated
effective 1 October 1987. The phaseout of
aircraft and personnel began well before the
actual deactivation of the squadron and effected
aircraft availability from the very beginning of
the tropical cyclone season. Only four aircraft
were on station at the start of the year, three of
which were storm-capable. One storm-capable
aircraft was transferred to Keesler Air Force
Base, Mississippi on 15 July leaving just two
capable airframes to fly reconnaissance
missions up to the date of deactivation. The
shortage of both aircraft and personnel
significantly limited the number of
reconnaissance missions that the 54th WRS was
able to fly throughout the season until closure.
The JTWC aircraft reconnaissance requirements
were provided daily to the Tropical Cyclone
Aircraft Reconnaissance Coordinator (TCARC).
The TCARC then married the tasking from

7

JTWC with the available airframes from the
54th WRS.

As in the previous years, aircraft
reconnaissance provided direct measurements
of standard pressure-level heights, temperatums,
flight-level winds, sea-level pressures,
estimated surface winds and numerous
additional parameters. The meteorological data
were gathered by the Aerial Reconnaissance
Weather Officer and dropsonde operators from
Detachment 3, 1st Weather Wing who flew with
the 54th WRS. These data provided the
Typhoon Duty Officer with indications of
changing tropical cyclone characteristics, radii
of associated winds and current tropical cyclone
position and intensity. Another important
aspect was the availability of the data for
research on tropical cyclone analysis and
forecasting.

b. Satellite

Satellite fixes from.USAFAJSN ground
sites and USN ships provide day and night
coverage in JTWC’S area of responsibility.
Interpretation of this satellite imagery provides
tropical cyclone positions and estimates of
current and forecast intensities through the
Dvorak technique.

c. Radar

Land-based 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 Guam.

d. Synoptic

JTWC also determines 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
or satellite were not available.



TABLE 2-1. AIRCRAFT RECONNAISSANCE EFFECTIVENESS

MISSIONS TASKED COMPLETED MISSED PERCENT
FIXES 57 11 82.9%
INVESTS :: 16 4 76.6%
SYNOPTIC TRACKS 8 7 1 87.5%

MISSION EFFECTIVENESS GRADING
TOTAL PERCENT

FIX MISSIONS TASKED 68 ---—_

SATISFACTORY 55 81.0%
DEGRADED ( BUT SATISFACTORY ) 6 8.8%
UNSATISFACTORY 13 19.0%

LEVIED VS. MISSED FIXES

LEVIED MISSED PERCENT
AVERAGE 1965-1970 507 10 2

1971 802 61 2
1972 624 126 20.2
1973 227 13 5.7
1974 358 30 8.4
1975 217 3.2
1976 317 1; 3.5
1977 203 3 1.5
1978 290 2 0.7
1979 289 14 3
1980 213 4 1.9
1981 201 3 1.5
1982 276 17 6.2
1983 157 3 1.9
1984 210 2 1

* 1985 210 6.7
1986 250 :: 4.0
1987 68 11 17.1

* CORRECTED DATA FOR 1985

. A .--- , ~- ----.,., . .fi” . ----3. AIKLKAF1 KJLLUNNAIBBANLE
SUMMARY

During 1987,JTWC leviedrequirements
for 68 vortex fixes and 20 investigative
missions of which only 1 was flown into a
disturbance which did not develop. In addition
to the levied fixes, 54 intermediate fixes were
obtained. Two airborne radar fixes were
provided from C-141 aircraft of opportunity
missions which are not includedin the statistics
below. Eight synoptic track missions were
requested, seven of which were completed. The
synoptic tracks provide mid-level steering flow
information. The average position error for the
combined fixes during the 1987 season was 12
nm (22 km).

Aircraft reconnaissance effectiveness for
the 1987 season is summarized in Table 2-1.
The grading criteria is based on the Mission
Effectiveness Grading (MEG) system which
was developed and employed for the fwst time
in 1986. This system grades the performance of
each mission as satisfactory, degraded but
satisfactory, unsatisfactory or missed. A
mission could be degraded if certain critical
weather parameters were not obtained such as
temperature, dew point, minimum sea-level
pressure, flight-level height in meters, etc. If
the required time constraints between the ‘
primary and intermediate fixes were not met,
the mission could still be deemed satisfactory
but degraded.
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4. SATELLITE RECONNAISSANCE
SUMMARY

The Air Force provides satellite
reconnaissance support to JTWC through a
tropical cyclone satellite surveillance network
consisting of both tactical and centralized
facilities. Tactical DMSP sites monitoring
DMSP, NOAA and geostationary satellite data
are located at Nirnitz Hill, Guam; Clark AB,
Republic of the Philippines; Kadena AB,
Okinawa, Japm, Osan AB, Republic of Korea;
and Hickarn AFB, Hawaii. These sites provide
a combined coverage that includes most of
JTWC’S area of responsibility in the western
North Pacific from near the dateline westward
to the Malay Peninsula. For the remainder of
its AOR, JTWC relies on the Air Force Global
Weather Central (AFGWC) to provide coverage
using stored satellite data. The Naval
Oceanography Command Detachment, Diego
Garcia, provides NOAA polar orbiting coverage
in the central Indian Ocean as a supplement to
this support. 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.
In support of JTWC, AFGWC processes stored
imagery from DMSP and NOAA spacecraft.
Imagery recorded onboard the spacecraft as
they pass over the earth is later down-linked to
AFGWC via a network of command readout
sites and communication satellites. This
enables AFGWC to obtain the coverage
necessary to fix all tropical systems of interest
to JTWC. AFGWC has the primary respon-
sibility to provide tropical cyclone surveillance
over the entire Indian Ocean, southwest Pacific,
and the area near the dateline. Additionally,
AFGWC can be tasked to provide tropical
cyclone positions in the entire western North
Pacific as backup to coverage routinely
available in that region.

The hub of the network is Detachment 1,
First Weather Wing (Det 1, lWW), colocated
with JTWC on Nimitz Hill, Guam. Based on
available satellite coverage, Det 1, lWW is
responsible for coordinating satellite recon-
naissance requirements with JTWC and tasking

the individual network sites for the necessary
tropical cyclone fixes, intensity estimates and
forecast intensities. When a particular fix is
important to the development of JTWC’S next
tropical cyclone warning, two sites are tasked to
fix the tropical cyclone from the same satellite
pass. This “dual-site” concept provides the
necessary redundancy to virtually guarantee
JTWC an accurate satellite fix on the tropical
cyclone.

The network provides JTWC with
several products and services. The main sewice
is one of monitoring its AOR for indications of
tropical cyclone development. If an area
exhibits the potential for development, JTWC is
notified. Once JTWC issues either a Tropical
Cyclone Formation Alert or warning, the
network is tasked to provide three products:
tropical cyclone positions, intensity estimates
and forecast intensities. Each satellite tropical
cyclone position is assigned a Position Code
Number (PCN) to indicate the accuracy of the
fix position. This is determined by the
availability of visible landmarks in the image
for precise gridding, and the degree of
organization of the tropical cyclone’s cloud
sy~tem (Table 2-2). ‘ “

TABLE2-2. POSITIONCODENUMBERS (PCN)

PCN METHODOF CENTERDETERMINATI@i/GRIDDING

1 EYE/GEOGRAPHY
2 EYE/EPHEMERIS

3 WELL-DEFINEDCIRCULATIONCENTER/GEOGRAPHY
4 WELL-DEFINEDCIRCULATIONCEN1’ER/EPHEMERIS

5 POORLYDEFINEDCIRCULATIONCFNTER/GEOGRAPHY
6 POORLYDEFINEDCIRCULATIONCENTER/EPHEMERIS

During 1987, Detachment 1, First
Weather Wing increased the number of
estimates of the tropical cyclone’s current
intensity from two to four per day once a
Tropical Cyclone Formation Alert or tropical
cyclone warning was issued. Intensity estimates
and 24-hour intensity forecasts were made using
the Dvorak technique (NOAA Technical Report
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Example: T3.5/4.5+IWl .5124 HRS

Figure 2-1. !Vv~ COA3fm communicati~ estimates
ofcurnmf andfmecast intensity ahiveffj%m sateC&
a!hta. In tlie a.yampk,the current ‘T-number’ is 3.$ fiut
the cun-ent intensity is 4.5 (equivaht to 77 ~ (40
m/see) ). % cliwd system has wea&ed by 1.5 “T-
numbers’ since tfi.eprevious evahution co?u.hcted 24-
hours eurl?er. % plhs (+) symbolindcates an ~ected
mversaJ 4 th we&m”ny trend or vey fittk furthr
WtXl&~ of h tqvud CIJC&Mt?dw”~ th? next 24-
liourperiod

NESDIS 11) for both visual and enhanced
infiwed imagery (Figure 2- 1).

Figure 2-2 shows the status of operational
polar orbiting spacecraft. Three Defense
Meteorological Satellite Program (DMSP)
spacecraft were operational in 1987. The 19543
(F8) satellite was launched in June as a
replacement for the aging 17540 (F6)
spacecraft. The imaging instrument on the
18541 (F7) spacecraft failed on 17 October,
which left only one DMSP spacecraft for
support during the remainder of the tropical
cyclone season. The special passive sensor,
microwave imager (SSM/1) on the F8 spacecraft
performed well until overheating forced the
sensor to be temporarily shut down on 3

-2-2. a9Nt— tw
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December. The NOAA 9 and NOAA 10
spacecraft performed well throughout the year.

On 16 August with the loss of dedicated
aircraft reconnaissance, data from the satellite
reconnaissance network became the primary
input to warnings and best tracks in the western
North Pacific. This heightened emphasis on .
satellite data resulted in an increase from 60
percent (in 1986) to 88 percent of warnings
based on satellite.

During 1987, the satellite recon-
naissance network provided JTWC with a
record total of 2,835 satellite fixes on 25
tropical cyclones in the western North Pacific
Ocean. In addition, 311 fixes were made on
tropical cyclones in the North Indian Ocean,
more than eight times the total for 1986. For
the southern hemisphere, 1,192 satellite fixes
were provided. A comparison of those fixes in
the JTWC area of responsibility and their
corresponding JTWC best track is shown in
Tables 2-3A and 2-3B. (Note: Those fixes
which were out-of-limits when compared with
the best track are not included.)

The relationship between tropical
cyclone “T-number”, maximum surface wind
speed and minimum sea-level pressure is
outlined in Table 2-4. Table 2-5A, B and C
address the verification of satellite-derived
intensity estimates for developing, weakening
and all cases of tropical cyclones, respectively.
In each table the first column states the “T-
number” in parentheses and expected current
and forecast intensity. The verifying average
intensities from the current and 24-hour best
tracks am included to the right in the second and
third columns, respectively.

5. RADAR RECONNAISSANCE
SUMMARY

Fifteen of the twenty-five significant
tropical cyclones in the western North Pacific
during 1987 passed within range of land-based
radar with sufficient cloud pattern organization
to be fixed. The land-based radar fixes that ,
wem obtained and transmitted to JTWC totaled
806. Only one radar fix was obtained by
Reconnaissance ainxaft.



TABLE 2-3A. MEAN DEVIATION (NM) OF ALL SATELLITE DERIVED TROPICAL
CYCLONE POSITIONS FROM THE JTWC BEST TRACK POSITIONS
IN THE WESTERN NORTH PACIFIC AND NORTH INDIAN OCEANS.

NUMBER OF CASES (IN PARENTHESES).

WESTERN NORTH PACIFIC OCEAN

1977-1986 AVEFWGE 1987

PCN (ALL SITES) (ALL SITES)

1 14.2 (1689) 14.9 ( 182)
2 16.3 (2118) 13.0 ( 511)
3 21.3 (241O) 21.4 ( 219)
4 23.9 (1546) 18.7 ( 576)
5 37.8 (4456) 32.6 ( 195)
6 39.5 (4222) 34.6 (1048)

l&2 15.4 (3807) 13.5 ( 693)

3&4 22.3 (3956) 19.5 ( 795

5&6 38.6 (8678) 34.6 (1243

TOTAL 29.3 (16441) 24.2 (2731:

TABLE 2-3B

MEAN DEVIATION (NM) OF ALL SATELLITE-DERIVED
TROPICALCYCLONEPOSITIONSIN THESOUTH

PACIFICANDSOUTHINDIANOCEANS.
NUMBEROF CASESAREIN PARENTHESES.

1985 - 1986 AVERAGE 1987
PCN (ALLSITES)

1 17.6 ( 68) 14.5 ( 14)
2 15.5 ( 312) 17.4 ( 130)
3 33.-7 ( 97) 40.4 ( 15)
4 27.2 ( 301) 26.5 ( 107)
5 46.8 ( 399) 28.8 ( 75)
6 38.1 (2152) 32.9 ( 786)

162 15.9 ( 380) 17.3 ( 144)

3&4 28.8 ( 398) 28.2 ( 122)

5&6 39.5 (2551) 32.6 ( 861)

TOTALS 35.5 (3329) 30.1 (1127)

,

NORTH INDIAN OCEAN

1980-1986 AVEWiGE

(ALL SITES)

16.7 ( 40)
18.9 ( 7
24.1 ( 22
58.3 ( 10
36.3 (232
44.2 (225

17.2 ( 47

34.8 ( 32

40.2 (457)

37.9 (536)

1987

(ALL SITES)

20.6 ( 2)
10.0 (
26.0 ( 1;/
33.1 ( 11)
44.1 ( 81)
36.1 (192)

15.3 ( 4)

29.4 ( 23)

38.5 (273)

37.5 (300)

TABLE2-4. MAXIMUMSUSTAINEDWINDSPEED
(KT) AS A FUNCTIONOF DVORAK
CI 6 FI (CURRENTANDFORECAST
INTENSITY)NUt4BERANDMINIMUM
SEA-LEVELPRESSURE(MSLP)

TROPICALCYCLONE
INTENSITYNUMBER

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5
7.0
7.5
8.0

WIND
SPEED

<25
25
25
25
30
35
45
55
65
77
90

102
115
127
140
155
170

MSLP
(NWPACIFIC)

-.._
----
----
----

1000
997
991
984
976
966
954
941
927
914
898
879
858



TABLE 2-5A. DEVELOPING STAGE TABLE 2-5B. NEAKENING STAGE

CURRENT OR VERIFYING VERIFYING CURRENT OR VERIFYING
FORECAST AVERAGE BT AVE 24HR BT

VERIFYING

INTENSITY* INTENSITY
FORECAST AVERAGE BT AVE 24HR BT

INTENSITY INTENSITY* INTENSITY INTENSIT!
(T #) KT KT KT (T #) KT KT KT

(0.0) <25 --- --- (0.0) <25 --- ---

(1.0) 25 22 28 (1.0) 25 19
(1.5) 25 25 31 (1.5) 25 27 ;;
(2.0) 30 30 37 (2.0) 30 30 24
(2.5) 35 35 47 (2.5) 35 38 30
(3.0) 45 47 65 (3.0] 45 43 31
(3.5) 55 57 75 (3.5) 55 57 40
(4.0) 65 65 80 (4.0] 65 65 50
(4.5) 77 75 92 (4.5) 77 77 53
(5.0) 90 110

1::
(5.0) 90 88 70

(5.5) 102 110 (5.5) 102 98 75
(6.0) 115 115 122 (6.0) 115 113
(6.5) 127 127 123 (6.5) 127 123 1:;
(7.0) 140 138 115 (7.0) 140 133 114
(7.5) 155 --- --- (7.5) 155 --- ---
(8.0) 170 --- --- (8.0) 170 --- ---

*
* DVORAK, 1984

DVORAK, 1984

12



TABLE 2-5c.

CURRENT OR
FORECAST
INTENSITY*

(T #) KT

(0.0) <25
(1.0) 25
(1.5) 25
(2.0) 30
(2.5) 35
(3.0) 45
(3.5) 55
(4.0) 65
(4.5) 77
(5.0) 90
(5.5) 102
(6.0) 115
(6.5) 127
(7.0) 140
(7.5) 155
(8.0) 170

* DVORAK, 1984

ALL CASES

VERIFYING VERIFYING
AVERAGE BT AVE 24HR B!
INTENSITY INTENSITY

KT KT

---
22
25
29
36
46
57
65
76
88
99

114
125
135
---
---

---
26
29
33
41
55
59
65
76
88
88

101
114
114
---

The WMO radar code defines three
categories of accuracy: good (within 10km(5
rim)), fair (within 10-30 km (5-16 rim)), and
poor (within 30-50 km(16-27nm)). Ofthe 807
radar fixes coded in this manner; 309 were
good, 190 were fair, and 308 were poor.
Compared to JTWC’S best track, the mean
vector deviation for land-based radar sites was
19 nm (35 km). Excellent support through
timely and accurate radar fix positioning
allowed JTWC to track and forecast tropical
cyclone movement through even the most
difficult erratic tracks.

6. TROPICAL CYCLONE FIX DATA

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

A total of 3,754 fixes on twenty-five
western North Pacific tropical cyclones and 311
fixes on eight North Indian Ocean tropical
cyclones were received at JTWC. Table 2-6A,
Fix Platform Summary, delineates the number
of fixes per platform for each individual tropical
cyclone. Season totals and percentages are also
indicated. (Table 2-6B provides the same
information for the South Pacific and South
Indian Oceans.)

13



TABLE 2-6A.

WESTERN NORTH PACIF’IC

TY ORCHID
TS PERCY
TS RUTH

- TS SPERRY
STY THELMA
TS VERNON
TY WYNNE
TY ALEX

STY BETTY
TY CARY

STY DINAH
TS ED
TY FREDA
TY GERALD

STY HOLLY
TY IAN
TD 17W
TY PEKE
TS JUNE
TY KELLY

STY LYNN
TS MAURY

STY NINA
TS OGDEN
TY PHYLLIS

(Olw)
(02W)
(03W)
(04W)
(05W)
(06W)
(07W)
(08W)
(09W)
(low)
(llW)
(12W)
(13W)
(14W)
(15vt)
(16W)
(17W)
(02C)
(18W)
(19W)
(20W)
(21W)
(22W)
(23W)
(24W)

TOTALS

% OF TOTAL
NR OF FIXES

NORTH INDIAN OCEAN

TC OIB
TC 02B
TC 03A
TC 04B
TC 05B
TC 06B
TC 07A
TC 08B

TOTALS

% OF TOTAL
NR OF FIXES

FIX PLATFORM SUM24ARY FOR 1987

AIRCRAFT

17
4
0

12
24
11
21
1

13
9
0
0
0

:
0
0
0
0
0
0
0
0
0
0

1,12

3.0%

SATELLITE

59
59
38
15
43
32
16
49

311

100.0%

SATELLITE

100
60
41
82

141
97

198
100
144
181
159
68

176
119
151
138
30

131
43

111
159
95

176
17

118

2835

7’5.5%

SYNOPTIC

o
0
0
0
0
0
0
0

0

0.0%

RADAR

o
0

20
8

72
27
41
77
71
72

106
0

29
81
0
5
0
0

6;
56
0

79
0
0

807

SYNOPTIC

o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0

21.5% 0.0%

TOTALS

59
59
38
15
43
32
16
49

311

100.0%

TOTAL

117
64
61

102
237
135
260
178
228
262
265
68

205
200
151
143
30

131
43

174
215
95
255
17

118

3754

100.0%

14



TABLE 2-6B. FIX PLATFORM SUMMARY FOR 1987

THE SOUTH PACIFIC
AND SOUTH INDIAN OCEANS SATELLITE RADAR SYNOPTIC TOTAL

TC 01S ----- --- 21 0 0 21
TC 02P OSEA 59 0 0 59
TC 03P PATSY 69 0 0 69
TC 04P RAJA 113 0 0 113
TC 05P SALLY 32 0 0 32
TC 06s -------- 26 0 0 26
TC 07S ------ -- 45 0 45
TC 08P TUSI 21 0 : 21
TC 09S ALININA 39 0 0 39
TC 10S CONNIE 55 0 0 55
TC 11P IRMA 32 0 0 32
TC 12S DAMIEN 59 0 59
TC 13P ------ -- % 0 : 8*

TC 14P UMA 34 0 34
TC 15P JASON 67 : 0 67
TC 16P VELI 10 0 0 10
TC 17S CLOTILDA 21 0 0 21
TC 18s ELSIE 53 0 54
TC 19P -------- 0 ;
TC 20P WINI 2: 0 0 2:*
TC 21S DAODO 71 0 71
TC 22P YALI 58 : 0 58
TC 23P KAY 118 0 0 118
TC 24S ------ -- 29 0 29
TC 25P ZUMAN 15 : 0 15
TC 26S ------ -- 20 0 20
TC 27P BLANCHE 70 : 0 70
TC 28S -------- 25 0 0 25

TOTAL 1192 0 1 1193

# OF TOTAL
NR OF FIXES 99.9% 0.0% 0.1% 100.0%

* Incomplete data set

15



CHAPTER III - SUMMARY OF WESTERN NORTH PACIFIC AND
NORTH INDIAN OCEAN TROPICAL CYCLONES

1. GENERAL

During the calendar year 1987, JTWC
issued warnings on 25 different significant
tropical cyclones in the western North Pacific --
six super typhoons, 12 typhoons, six tropical
storms and one tropical depression. This
includes one typhoon, Peke (02 C), which
initially developed in the central North Pacit3c
(Table 3-l). The total number of western North
Pacific tropical cyclones is lower than the
climatological mean of 30.7, and two tropical
cyclones below the 1986 total (Table 3-2). A
record-setting eight significant tropical cyclones
(all were of tropical storm intensity) developed
in the North Indian Ocean. This is twice the
climatological mean of four. Therefore, during
1987, JTWC issued warnings on a total of 33
northern hemisphere tropical cyclones.

During 1987 in the western North
Pacific there were 139 “warning days”. (A
warning day is defined as a day during which
JTWC was issuing warnings on at least one
tropical cyclone. A “two-cyclone day” refers to
a day when there were warnings issued on two
different tropical cyclones simultaneously, a
“three-cyclone day” -- three tropical cyclones at
one time, and so on...). Considering only the
western North Pacific, there were 30 two-
cyclone days, 10 three-cyclone days and no four
or five-cyclone days (Table 3-3). When North
Indian Ocean tropical cyclones are included,
there were 156 warning days, 38 two-cyclone
days, 11 three-cyclone days and no four- or
five-cyclone days. Thus, JTWC was in warning
status 42.7 percent of the year; it was in a
multiple-cyclone situation (that is, warning on
two or more tropical cyclones) for 38 days or
about 10.4 percent of the year.

JTWC issued ~ warnings on the 25
western North Pacific tropical cyclones (two
warnings from January 1st on Typhoon Norris
(26W) of 1986 are included in the total) and 83
warnings on the eight North Indian Ocean
tropical cyclones, for a grand total of ~
warnings. There were thirty-one initial Tropical
Cyclone Formation Alerts (TCFAS) issued for
western North Pacific and eleven for the North

Indian Ocean. Twenty-four western North
Pacific and seven North Indian Ocean tropical
cyclones developed subsequent to the issuance
of a TCFA. Three of the western North Pacii3c
tropical cyclones regenerated during their
lifetime and each was covered by a TCFA.
Typhoon Peke (02C) was passed to JTWC
while in warning status and thus no TCFA was
required (Table 3-4). For the western North
Pacific, the false alarm rate was 24 percent and
the mean lead time (to issuance of the first
warning) was 13.5 hours. For the North Indian
Ocean, the false alarm rate was 18 percent, with
a mean lead time of 10.1 hours. One system
(Tropical Cyclone 03A) was warned on without
the benefit of a preceding TCFA.

2. WESTERN NORTH PACIFIC
TROPICAL CYCLONES

The distinguishing features of 1987 in
the western North Pacific were the low number
of total tropical cyclones (25), the large number
of super typhoons (6) and the number of
“midgets” (4).

JMWARY THROUGH JUNE

The activity began in early in January
with Typhoon Orchid (01W). Orchid (OIW)
was an unusually small system which transited
the wintertime western North Pacific before
being sheared apart by the northeast monsoon
east of the Philippine Islands. The island of
Ulithi experienced 100 kt (51 m/see) winds and
extensive damage when Orchid (O1W) passed
directly overhead. Tropical Storm Percy (02W)
was the only significant tropical cyclone in
April., It struggled to get started, but
tenaciously resisted dissipation until it passed
over the island of Luzon. Tropical Storm Ruth
(03W) was a short-lived system which
developed southeast of Hong Kong and
eventually dissipated over southern China.
Typhoon Sperry (04W) was the second tropical
cyclone to reach typhoon intensity and also the
second “midget” typhoon (Orchid (O1W) was
the first) of 1987. It was also the first to enter
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TABLE 3-1.

TROPICAL CYCLONE

Olw TY ORCHID
02W TS PERCY
03W TS RUTH
04W TY SPERRY
05W STY THELMA
06W TY VERNON
07W TY WYNNE
08W TY ALEX
09W STY BETTY
low TY CARY
llW STY DINAH
12W TS ED
12W TS ED*
13W TY FREDA
14W TY GERALD
15W STY HOLLY
16W TY IAN
17W TD 17W
02C TY PEKE
18W TS JUNE
19W TY KELLY
20W STY LYNN
21W TS MAURY
21W TS MAURY*
22W STY NINA
23W TS OGDEN
24W TY PHYLLIS
24W TY PHYLLIS*

1987 TOTALS:

WESTERN NORTH PACIFIC
1987 SIGNIFICANT TROPICAL CYCLONES

PERIOD OF WARNING

08 JAN - 14 JAN
11 APR - 13 APR
18JUN-19JUN
27 JUN - 01 JUL
07 JUL - 16 JUL
16 JUL - 21 JUL
22 JUL - 01 AUG
23 JUL - 28 JUL
09 AUG - 16 AUG
13 AUG - 22 AUG
21 AUG - 31 AUG
22 AUG - 23 AUG
26 AUG - 28 AUG
04 SEP - 17 SEP
04 SEP - 10 SEP
05 SEP - 15 SEP
23 SEP - 01 OCT
24 SEP - 26 SEP
28 SEP - 03 OCT
29 SEP - 01 OCT
10 OCT - 16 OCT
16 OCT - 27 OCT
11 NOV - 12 NOV
13 NOV - 19 NOV
19 NOV - 29 NOV
24 NOV - 25 NOV
10 DEC - 14 DEC
14 DEC - 19 DEC

CALENDAR NUMBER OF MAXIMUM
DAYS OF WARNINGS SURFACE ESTIMATED
WARNING ISSUED WINDS-KT (M/SEC) MSLP - MB

7 23
3 9
2 6
5 18
10 34
6 21
11 40
6 22
8 32
10 39
11 42
2 6
3 6
14 50

24
1: 43
9 33
3 7
6 23
3
7 2;
12 44
2 4
7 25
11 40
2 4
5 14
5 20

139** 668***

95 (49)
40 (21)
35 (18)
75 (38)

130 (67)
65 (33)

125 (63)
65 (33)

140 (72)
85 (44)
130 (67)
30 (15)
35 (18)
125 (63)
105 (53)
140 (72)
110 (56)
30 (15)
100 (51)
35 (18)
95 (49)

140 (72)
30 (15)
45 (23)
145 (75)
35 (18)
35 (18)

100 (51)

956
1000
997
981
911
983
921
976
891
968
910
1001
998
916
937
898
933

1000
941
997
950
898
1000
991
891
997
997
941

* REGENERATED
** OVERLAPPINGDAYS INCLUDEDONLY ONCE IN SUM.
*** YEAR-ENDTOTAL INCLUDESTWO WARNINGSON TY NORRIS (26W)ON 01 JAN 87.

le mid-latitude westerlies andrecurve toward evacuation of aircraft from Okinawa, Japan,
thenortheast.

JULY

SuperTyphoonThelma (05W)wasthe
first of four significant tropical cyclones to
develop in July and the fmt super typhoon of
1987. Forecasting the timing and location of
recurvature presented a problem for JTWC.
Dynamic forecast aids did indicate recurvature,
but much sooner than was ultimately observed.
After damaging northern Luzon and causing the

Thelma (05W) slammed into Korea cau~ing
$124 million in damages and the loss of several
hundred lives. Typhoon Vernon (06W)
followed closely on the heels of Super Typhoon
Thelma (05W). It was weak and disorganized
throughout most of its life. As aresul~ initial
positioning problems arose in the Philippine Sea ,
due to differences between real-time fix
information from radar, satellite and aircraft.
Typhoon Wynne (07W) was the third “midget”
typhoon of the season. It tracked along a
constant bearing of 294 degrees for four days
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and maintained a visible eye for six days.
Meteorologists on Kwajalein Atoll provided
radar fm information which was instrumental in
relocating Wynne (07W) early on. Wynne
(07W) caused extensive damage as it passed
through the northern Mariana Islands 1.
Typhoon Alex (08W) was the final tropical
cyclone in July. Together with Wynne (07W) it
formed the first multiple tropical cyclone
situation during 1987. Alex (08W) brushed the
eastern coast of Taiwan before making landfall
on the coast of mainland China. Although
damage to Taiwan and mainland China was
relatively light, the remnants of Alex (08W)
enhanced a band of precipitation that stalled
over Korea, and as a consequence, 12 inches
(308 mm) of rain fell in 24-hours causing major
flooding and loss of life.

AUGUST

Super Typhoon Betty (09W) was the
second super typhoon of the season and had the
lowest reported minimum sea-level pressure
(891 mb) up to that time. It explosively
deepened just prior to making landfall in the
Philippine Islands, where 20 people were killed
and 60,000 left homeless. Typhoon Cary
(1OW), together with Betty (09W) and Dinah
(1lW) formed the fmt three-storm situation for
1987. The last scheduled western North Pacific
aircraft reconnaissance mission was flown on
Cary (1OW) on the 15th of August. Cary (1OW)
eventually made landfall on the coast of
northern Vietnam and ultimately dissipated over
Burma. Super Typhoon Dinah (1lW) was the
most destructive typhoon to strike Okinawa and
the southern islands of Japan in the past 20
years. Throughout its life, JTWC consistently
forecast recurvature and accelerations towards
the northeast through the Sea of Japan, as a
result, Dinah’s (11W) forecast track errors were
smaller than average. Tropical Storm Ed (12W)
was a very difficult tropical cyclone to locate
and forecast due to fluctuations in its intensity,
speed and track direction and its poorly defined
1~ ~dm*Mr. P2nlwHmc?iddwus. Gl!doawsntvOy~
ofhsmi0r)mc2kd3tm fd0w+evcea0f” ~ Ria202s1145zJdydmm w22r10k2w22r,
iu-knkacdvii cmths Wdd Wi&Stmdmbd SeismographNemwk (WWS3N)
kq- ted shmt-priud mcmdakm b Mum S- Rm stadce (13.”3218- N, 1~ 54 4X
EmQwnLwnL~ 231143Z 20251800z, * 31a72-perkd~

to -kna Can2Edby I@b *-Me@%b-A%
A&s 25180UZ,d%%$%td aaonredto ~*YF=-=llm*. A120,lb IC21F
pxiod mkraeuma appexay double m~tng h,:Jm~~:7b& .pn
Imair2m lmmg in * e2n-w2+32cmpmmt
2adao26i2221icacdvi3ym9ylEcahci&12r Widuacaudlly J% m’&2wx2 Wplrd%%
tmmitof2b M- Tmmh Siunsiv@hu bcenatemed wiabatbetp-al s@tam,
Imtwhhkmadarby. Whh.2n2b2uuw 0fakr0rpr&2d weadrx2y3km3 h5k2382, tb
~s~sbd~hhWSSNtimtihtihm~y
sb2rmcadina21fwym2d2 ~tod22ncstkan39f2&m.

‘ABLE3-2. 9C5STERNNORTH PACIFIC TROPICAL CYCICNP,DISTRIBJTICN

Y.. *
----

1959

1960

3.961

1962

1963

1964

1965

1966

1967

196s

1969

1970

1971

1972

1973

1974

1976

1977

1978

1979

1980

1961

1982

1903

1904

19a5

1*8C

1987

u9:&-ly~)
0.3 0.6 0.8 1.2 2.1 4.6 c.2 S.7 4.6 2.8 1.4 10.9

as2 16 9 18 27. 36 60 132 179 1’$4 132 81 42 *91

ZyPbeme~312

Trepiaal 3t0m #“

Tsepiaal DepreasiOna /

b criteria wed in tba ebom teblo aro ●s fellows:

1. If a tropical cyclone was first warned on durin(
he last two days of a particular month and continued int

he next month for longer than two days, then that system wa
ttributed to the second month.

2. If a tropical cyclone was warned on prior to th
ast two days of a month, it was attributed to the firsl
,onth - no matter how long the system lasted.

3. If a tropical cyclone began on the last day o
he mcnth and ended on the first day of the next mcnth, tha
rOpiCal cyclone was attributed to the first month. However
f a tropical cyclone began on the last day of the month an
ontinued into the next month for two days only, then it wa
ttributed to the second month.



cloud signature. Drifting buoy reports of
30 kt (15 m/see) were key to the decision
to issue the f~st warning on Ed (12W).

SEPTEMBER

Typhoon Freda (13W) was the
first of seven tropical cyclones to
develop during September and was the
middle (geographically) of a three-storm
situation (the other tropical cyclones
being Gerald (14W) and Holly (15W)).
This was the second three-storm situation
of the year. Freda (13W) was unusual
because it traversed less than 10 degrees
of longitude, but 25 degrees of latitude.
Freda’s (13W) thirteen day life span and
50 warnings were records for 1987.
Typhoon Gerald ( 14W) was unique in
that it matured within the monsoon
trough, but did not detach from it. The
most distinctive feature was its unusually
large eye. Super Typhoon Holly (15W)
was the third tropical cyclone to develop
horn the active monsoon trough which
also spawned Freda (13W) and Gerald
(14W). Although very intense, it had a
very uneventful life as it recurved far to
the east of Japan. After a six day respite
in tropical cyclone activity, Typhoon Ian
(16W) developed about 330 nm (61 1 km)
to the east-northeast of Guam. Andersen
Air Force Base Weather was able to provide
several radar fixes of Ian (16W) as it passed to
the north of Guam. It eventually recurved and
transitioned to a sub-tropical system north of 25
degrees North Latitude. Tropical Depression
17W developed north of the Marshall Islands at
about the same time as Ian. Tropical
Depression 17W did not reach tropical storm
strength because it was suppressed by the
combined effects of the outflow from Ian (16W)
and a mid-level short-wave trough to the north.
Typhoon Peke (02C) was the fmt hurricane to
form in the central North Pacific and cross to
the western North Pacific in the past twenty
years. It meandered basically north-
northwestward and eventually dissipated just
west of the dateline. Tropical Storm June
(18W) was the third tropical cyclone of the final
three-storm situation during 1987. Throughout
its life, June’s (18W) upper-level outflow was
restricted by the strong outflow from Ian.

TABLE 3-3. WESTERN NORTH PACIFIC SUMMARY

TYPHOONS
(1945-1958)

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL

AVG 0.4 0.1 0.3 0.4 0.7 1.1 2.0 2.9 3.2 2.4 2.0 0.9 16.3

CASES 5 14 5 10 15 2S 41 45 34 28 12 228

(1959-1987)

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL

AVG 0.2 0.1 0.2 0.5 0.7 1.0 2.8 3.2 3.3 3.0 1.7 0.7 17.4

CASES ? 2 6 15 19 30 80 94 96 B7 4E 20 504

TROPICAL STOSMS AND TYPHOONS
(1945-1958)

JAN FEB MAR APR WAY JUN JUL AUG SEP OCT NOV DEC TOTAL

AVG 0.4 0.1 0.4 0.5 0.8 1.6 3.0 3.9 4.1 3.3 2.B 1.1 22.0

CASES 6 16711224254 5.S 463916 308

(1959-1987)
JAN FEB UAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL

AVG 0.5 0.3 0.5 0.7 1.0 1.8 4.1 5.2 4.9 4.1 2.6 1.3 27;0

CASES 15 8 14 21 30 51 120 151 142 118 76 37 783

FORMATION ALERTS: 24 of 34 Initial Formation Alerts developed
into significant tropical cyclones (not including three on systems
that regenerated). Tropical Cyclone Formation Alerts were issued
for all of the significant tropical cyclones that developed in 19B7.

WARNINGS:
Number of calendar warning days: 139

Number of calendar warning days
with two tropical cyclones: 30

Number of calendar warning days
with three tropical cyclones: 10

OCTOBER

Typhoon Kelly (19W) was the fwst of
only two significant tropical cyclones to occur
during October. Kelly (19W) developed when
the monsoon trough re-established itself in low-
latitudes after it had been displaced to a position
about 25 degrees North Latitude the previous
week due to Ian (16W), June (18W) and Peke
(02C). Super Typhoon Lynn (20W) was the
fifth super typhoon of the year and the third to
produce winds of at least 140 kt (72 rrdsec). It
attained a minimum sea-level pressure of 898
mb. At one poin~ Lynn (20W) appeared to be
headed straight for Guam. Fortunately, a last
minute jog toward the north spared the island .
from a direct hit. Saipan, which is north of
Guam, received gusts to 65 kt (33 m/see),
however. Lynn (20W) eventually passed south
Taiwan, enhanced convection and increased
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!ABLE 3-4. FORMATION ALERT SUMMARY

WESTERN NORTH PACIFIC

NUMBER NOM8EROF TQTAL FALSE
OF SYSTM5 SKJMSEROF ALARM

EAR TCFAs WANED ON SYSTEMS RATE

1915 34

1976 34

1977 26

1978 32

1979 27

1980 31

1981 29

1982 36

1983 31

1984 37

1985 39

1986 38

1987 31

(1975-1987)
AVSRAGE 33.1

CASES 431

25

25

20

27

23

28

28

26

25

30

26

2?

24

25.7

334

25

25

21

32

28

28

29

28

25

30

27

27

25

26.9

350

26%

26%

23$

16$

15%

24%

3%

28%

19%

19%

33%

29%

238

21.8%

wind speeds to the north that caused the deaths
of 42 p~ople. Over 68 inches (1744 mm) of rain
fell on Taipei over a two day period due to Lynn
(20W). Tropical Storm Maury (21W) was a
relatively weak, but persistent, tropical cyclone
which formed southeast of Guam and tracked
basically westward across the Philippine Sea,
through the Philippine Islands and into the
South China Sea.

NOVEMBER THROUGH DECEMBER

Super Typhoon Nina (22W) was the
sixth, and last, super typhoon. It also proved to
be the most intense and destructive tropical
cyclone of the year. Nina was interesting from a
meteorological point of view because it
unexpectedly intensified while still accelerating
toward the west. It devastated Truk, killing five
and injuring 38, before moving on to the
Philippine Sea. Once there Nina (22W)
explosively intensified, to 145 kt (75 rrdsec),
prior to making landfall. An estimated 658
people were killed on southern Luzon, making it
the most destructive typhoon to hit the
Philippine Islands in 20 years. Tropical Storm
Ogden (23W) was another minimal tropical
storm which developed in the South China Sea
and moved westward before making landfall on
the Vietnam coast, north of Cam Rahn Bay.
Typhoon Phyllis (24W), the fourth “midget” of
1987, was the last tropical cyclone of the 1987
season. Phyllis (24W) formed southeast of
Guam and initially followed what appeared to
be a broad recurvature track, passing to the
southwest of Guam. Unfortunately, it
weakened, moved toward the west-southwest
and then explosively intensified (to 100 kt (51
m/see)) before striking the island of Samar in
the central Philippine Islands and moving into
the South China Sea.
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TYPHOON

Typhoon Orchid (OIW), the first
tropical cyclone of 1987, was an unusually
small system. It transited across the wintertime
western North Pacific before being sheared
apart by the northeast, monsoon e~st of the
Philippines.

N 13

12

11

10

9

N8

ORCHID (OIW)

The disturbance that eventually
developed into Typhoon Orchid was first
detected at 0000Z on January 3rd as a small
area of persistent convection in the near-
equatorial trough near the dateline. It was first
mentioned on the Significant Tropical Weather
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Fzjure 3-01-1. % 11OOOOZj’anuzzy aircraft reconnaissance$x mkion of ‘2iik00n Orchid (0194/) near

ma&mum intensity. 5Vjot4die ti@itgradient ofswjhce zubd to th soutfi K the vortq center.
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Advisory (ABPW POT%?) at 030600Z Over
the next four to five days, this area drifted
toward the west and slowly increased in
organization and convection until a small
ragged central dense overcast (CDO) formed
and upper-Ievel outfiow improved A Tropical
~clone l%rmation Alert followed at 0721302
and a daylight hours aircraft recomaissanee
investigative mission was tasked for the next
day. No surface data was available near the
vstenq however, at 0804192 Dvorak satellite

intensityanalysis of the disturbance estimated
maximum sustained surface winds of 25 to 30
kt (13 to 15 @eC). This prompted ~C to
issue the fmt warning on Tropical Depression
OIW at 0812002. The next morning, the
aircraft investigative mission reported
maximum sustained surface winds of 45 kt (23
XXI&C). This prompted the upgrade of the
system on the third warning (at 0900002) to
Tropical Storm Orchid (OIW). .
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f@ure 3-01-3. Corrugated shut mojhg endeddd in a coconut l@ oa ~’
Ishdon U!&4iiAtoK COi.ii6uiidlw mataiaC6ecomc5a diad.lj oljiect to fife and

PW%!l w~n ~rd~ (~~to - of~o~~~~ k).

There were two unusual aspects of
Typhoon Orchid (OIW). The f~st was its small
radius of maximum winds. For exampIe, at its
peak intensity of 95 kt (49 m/see) at 11OOOOZ,
the radii of 30 kt (15 m/see) winds were only 45
nm (83 km) in the south semicircle and 140 nm
(259 km) in the northwest semicircle (see
Figure 3-01-1). The larger wind radius in the
northwest semicircle was due partly to
interaction with high pressure ridging to the
north and the motion vector addition to the

winds in the west-northwest, or right front,
quadrant. Typhoon Orchid (01 W), near
maximum intensity, passed directiy over the
island of Ulithi (WMO 91203). As a resul~
Ulithi reported surface winds near 100 kt (51
mkc) and sustained extensive damage (Figures
3-01-2 and 3-01-3). A few hours later,
however, Typhoon Orchid passed about 45 nm
(83 km) north of the island of Yap (WMO
91413), whe~ surface winds of only 20 to 25 kt
(10 to 13 KO/see)and fair skies were reported.
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F&ure 3-01-4. t%hnced infrared (EI~ imqey # Typhoon Orchid (01~) near ~-mum

intensity. 5@te k small well-de-nedye [102259Z Januay 5@M inframdimqqey).

The second unusual aspect of Typhoon Orchid
was the fact that during the two days from
1012OOZto 121200Z when Orchid was the most
intense (Figure 3-01 -4), the Dvorak intensity
estimates were 10 to 20 kt (5 to 10 m/see)
higher than the intensity reported by aircraft
reconnaissance (Figure 3-01-5).

After reaching maximum intensity,
Orchid continued moving northwestward.
Between 11000OZ and 140000Z (when the last
warning was issued), Orchid came under the
influence of the strong wintertime low-level

28

northeast monsoonal flow. This, coupled with
200 mb westerly flow aloft, set up a strong
vertical shearing environment in which the
upper portion of Orchid was displaced toward
the east. Once the central convection stripped
away, the remaining surface circulation was
then steered by the low-level northeast
monsoonal flow toward the southwest before
dissipating over water. This wintertime
shearing situation was a common factor in the
end of the last five significant tropical cyclones
in November and December of 1986.
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TROPICAL STORM PERCY (02VV)

Percy was the only significant western convection was first noted on the Significant
North Pacific tropical disturbance during April. Tropical Weather Advisory (ABPW PGTW) for
The vortex struggled to get started, only 0306002 April. The slow formation of a cloud
achieved minimal tropical storm intensity and system led to the issuance of a Tropical Cyclone
tenaciously resisted dissipation. Formation Alert (TCFA) at 0618002.

Maximum sustained surface winds, at that time,
During the fwst week of April, brisk 30 were estimated to be 25 to 30 kt (13 to 15

kt (15 rn.lsec) northeasterly trades clashed with a m/see). The TCFA was reissued at 071800Z
low-latitude westerly surge associated with a because the area had increased in organization,
tropical disturbance in the southern hemisphere. although the overall convection decreased. By
This created an area of cyclonic rotation in the 0818002, the mid- to upper-level winds over the
low-level wind field and slightly lower pressures system increased and the second TCFA was
in the eastern Caroline Islands. The resulting cancelled.
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j%jjure3-02-1. !lYbtofaircrqft recontuukance d.iztafiom & third tision into ‘Tiropicafstonn Percy

sliurusincm~i~ sql,ii Win& near the center.
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Figure 3-02-2. Tropical ~torm Percy (02 W), while
southwest of ,@am, showing an e~osed low-level
circuliuion center (11OO22ZApriC!DMW VLmaJimqenj.

However, the weakened disturbance
continued to drift slowly westward for the next
three days and possessed fair potential for
significant development. By 101407Z the
convection and organization had again
improved, and the vertical wind shear on the
system decreased sufficiently to justify the
issuance of a third TCFA. Satellite intensity
anal ysis (Dvorak, 1984) estimated maximum
surface winds of 25 kt (13 rn/see) at that time,
however, an aircraft daylight investigative
mission flown on the morning of the 10th
produced unexpected results.

Enroute to the circulation, the aircraft
reported gradually increasing flight-level winds
(1500 ft (457 m)) and observed surface winds
horn 30 kt (15 m/see) near Guam to 40 kt (21
mkc). Upon reaching the expected location of
the low-level cyclonic circulation, the Aerial
Recon- naissance Weather Officer (ARWO)
reported flight-level winds of 56 kt (29 m/see)
and surface winds of 50 kt (26 m/see) at
102325Z. The center location was consistent
with the increasing surface winds encountered
enroute (Figure 3-02-1); however, the
magnitude of the winds were inconsistent with
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the minimum sea-level pressures (MSLPS)
enroute (1010 mb to 1003 mb) and at the
circulation center (1001 rob). Dvorak satellite
intensity analysis at 110022Z estimated 25 kt
(13 m/see) surface winds (Figure 3-02-2). This
was more consistent with the extrapolated
MSLPS. According to Atkinson and Holliday
(1977), an environmental MSLP of near 1012
mb, together with maximum sustained surface
winds of 50 kt (26 m/see) usually impIies a
central MSLP of about 987 mb. After the
aircraft reconnaissance flight-level wind
observations, were double-checked, Tropical
Depression 02W was upgraded to a tropical
storm.

Aircraft reconnaissance was available
again at 1121002. Flight-level and surface
winds were much lighter than observed 24-
hours earlier. Values ranged from 20 to 32 kt
(10 to 16 m/see) at flight level enroute to the
early fix at 1121202, and 15 to 20 kt (8 to 10
m/see) prior to the primary fix at 1123542. The
Dvorak satellite intensity analysis at 1223042
estimated 25 kt (13 m/see) maximum sustained
surface winds. As a result, the final warning on
Tropical Storm Percy (02W) followed at
1300002. Percy’s circulation persisted as an
exposed low-level center through the 15th, with
the remaining convection located well to the
northeast and southwest (Figure 3-02-3). The
residual low-level eddy, that remained, finally
dissipated near northern Luzon on the 19th of
April.

F@re 3-02-3. ‘EopicafWorm Percy (02W) in the
Pfiifippine ~ea just befw th find warni~ was

kued(122341Z @iJmP visudimagenj.
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TROPICAL STORM RUTH (03W)

$F@re 3-03-1. %qvi@Stonn fith was a short-fived tropkal c@rw On@s~ wantings wew issued on the

system befm it moved ink.d arufdksipatedover southern China. It &egartas a monsoon &pression240 nm (444
~m) southeust cf!7i2mg xq over k south China Sm tidy on 17 Juns, convection eonso%ted into convective
&an.c&prompting its mention on the Signijkwt %opicd Weather Mdsoy (A!B!FW!l?tjlW’) at 0600Z as hnvi~
~oodpotentidfm hveibpment. % a redt, WC k.ed a %opicd Cyckme Formation A%t, valid at the same
time, because sate~ite imqqe~ indicated upper-hvel antiyekmie out$%ww beunniqqea.afikhed. WC issued
thefirst warni~ on %opicd !DeprAon 03W at 180000Z, aftir synoptk mp~ indkatedsufm pnvsums in the
area had droppeds~ificantlij overni@t from 1001 d to 995 d. l%e initialfmecast tracks indicated the system
WOIUVmove northwestward but suhequent fhwasts grudiwlly shifti th t-mckjhrther west as the subtropiud
ricije east of!l@thbtyartd~y sbwij westwardacrosssouhm China. lhe systim was uppdedtv twpieafstonn
intensity at 181800Z based upon a t??vor~intensity estimate 435 @ (18 m/se.c]q“mum sww”nedsurface wid
associated with convective bandi whkh wem wrapped Mfmy around the center (see imqqe ahre). !@th was
&xwgra&d to a tropical dipwion on thefifh wamiqq as it intenwe.dwith the soutkrn coust of(%ina. Mny
!Ko~ f74?M0 45005) raakr reports were ~celknt and proved instrumental in accurateij tracking this tropicaf
cyclbne fbr a tihy befbre it maa2 Lzdfd. ~th dissipated within eightem bum qf movhg ini%d, causiqq Qtt&
hmage andno ~rwwn deaths (181138ZJune 2231SP inj%.mdimqqenj).
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TYPHOON SPERRY (04W)

Typhoon Sperry was the second
tropical cyclone to reach typhoon intensity and
also the second “midget” typhoon in 1987. It
was also the season’s first to enter the mid-
latitude westerlies and recurve toward the
northeast.

The tropicaldisturbance that eventually
developed into Typhoon Sperry was first
detected by synoptic data on 24 June as a broad,
weak surface circulation in the western
extension of the monsoon trough 200 nm (370
km) to the northwest of the island of Truk in the
eastern Caroline Islands. The convection in
this area appeared to be random. At the same

time, a second area of disorganized convection
was developing 210 nm (389 km) east of the
island of Enewetak in the Marshalls. To the
north and east, a Tropical Upper-Tropospheric
Trough (TUTT) extended from Wake Island
southwestward to just noitheast of Guam. The
broad subtropical ridge dominated the low-level
flow pattern in the northwest Pacific. Although
the two convective areas consolidated on 25
June, the resultant disturbance still struggled for
two more days before reaching tropical storm
intensity. The most probable cause for this slow
intensification was the close proximity of a
TUTT low (Sadler, 1979) to the northeast. This
low aloft, in conjunction with the lower

Y@we 3-04-1. V!iiud satelEti imqge~ sliuwby the d~pkced to die northeast of tlie main convection
tropicaf disturbance that woulZ Gzter &vei@ into (252347ZJurw !2M@l? vkuofi~e@.
2iifwon Spery. ~te the bw-liwelcinwldon center
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F@m 3-04-2. Tiihoon Spery with an intensity of 65 fU (33 n@ec)just prim to pe@q (280047Z June 2?MW
vhu.alimqgey).

tropospheric subtropical ridge, created an area
of strong vertical wind shear (Figure 3-04-1).

The low-level disturbance drifted west-
northwestward for the next several days. At
that point, the separation between the TUTT
low, or cell, and the low-level tropical
disturbance to the southwest remained static.
However, an interesting change occurred aloft.
By 2512002 a plume of dense cirrus, associated
with a 55 kt (28 m/see) wind maximum entering
the western side of the upper cold low from the
north, moved southward. Within eighteen-
hours the cirrus plume had plunged into the
southwest portion of the TUTT cell. The cell
responded. The circulation wi&n the core of
the upper low tightened up and became more
symmetrical. This, in turn, reduced the vertical
wind shear across the system and as a result, the
central convection started to incxease within the
low-level disturbance again. Earlier (at
2412002), the Navy Operational Global
Atmospheric Prediction System upper-air
prognoses, had cornm.ly forecast this lessening
of vertical shear. The new convection was
initially mentioned on the 2606002 Significant

Tropical Weather Advisory (ABPW PGTW).

Based upon satellite intensity analysis
(Dvorak, 1984) of satellite imagery between
15002 and 21002 on the 26th, analysts of
Detachment 1, 1st Weather Wing estimated that
the disturbance had 30 kt (15 m,lsec) surface
winds, based on more organized and intense
convection. The satellite mcomaissance inputs
prompted the issuance of a Tropical Cyclone
Formation Alert (TCFA) at 2622302. An
aircraft reconnaissance investigative mission
was requested for the following day. At the
time of the TCFA, synoptic data was not
available near the center of the disturbance.
However, surface data on the periphery of the
disturbance implied that at least a 10 kt (5
mkx) low-level circulation was present. The
only reported stronger wind was the gradient-
level (3000 ft (914 m)) report at Yap (WMO
91413), which increased fkom 10 kt (5 m/see) at
2612002 to 15 kt (8 m/see) at 2700002 as the
disturbance passed northeast of the island on the -
26th.

The first warning on Tropical Storm
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imqqey).

Sperry was issued on the 27th, valid at 00002,
after visual satellite imagery showed that a
central dense overcast and 35 kt (18 m/see)
maximum sustained surface winds were present.
Aircraft reconnaissance later in the day located
a 1001 mb circulation center with 40 kt (21
m/see) maximum sustained surface winds,
extending out to 50 nm (93 km) southeast of the
center. Initial forecasts called for Sperry to
follow an around-the-ridge scenario and
mcurve. This forecast philosophy proved to be
correct

Sperry attained typhoon intensity 24-
hours later at about 2800002. The Aerial
Reconnaissance Weather Officer reported
Sperry as very compact, with 70 kt (36 m/see)
maximum sustained surface winds surrounding
a small, circular 15 nrn (28 km) diameter eye.
The eye was open to the north and had a
minimum sea-level pressure of 983 mb. Sperry
developed a ragged eye while moving
northwestward under the influence of the mid-
level steering flow around the western periphery
of the subtropical ridge. Its intensity peaked
at 75 kt (39 m/see) between 2812002 and
2818002 (Figure 3-04-2). This set the stage for
Typhoon Sperry’s final phase.

39

13y 2900002, with a frontal boundary
and associated mid-latitude trough moving
eastward across southern Japan, a recurvature
scenario appeared most probable. JTWC
incorporated this into the warnings and called
for wmvature in 48-hours. Sperry came under
the influence of the mid-latitude westerlies and
recurved passing 175 nm (324 km) to the east of
the island of Okinawa in the Ryukyu island
chain.

After recurvature, Sperry started a
gradual acceleration toward the northeast. By
18002 on the 30th, the intense central
convection became displaced south-southwest
of the low-level circulation center. A steady
decrease in cloud organization and intensity
followed. Figure 3-04-3 shows the proximity of
the frontal boundary and effect of the strong
vertical wind shear on the remaining
convection. The fired warning was issued as
Sperry transitioned to extratropical at O1O6OOZ.

After completing extratropical
transition, the low-level circulation drifted
eastward embedded in the frontal boundary.
There were no reports of lives lost or darnage to
shipping due to Typhoon Sperry.
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SUPER TYPHOON

Thelma was the first of four significant
tropical cyclones to develop in July and the fiist
super typhoon of 1987. Forecasting the timing
and location of recurvature presented a problem
for JTWC. After recurvature, Thelma slammed
into Korea causing extensive damage and the
loss of many lives.

As a tropical disturbance, Thelma’s
initial intensification was slow, but once the
system became organized it developed at very
near the normal Dvorak rate (Dvorak, 1984) of
one “T-number” per day from 25 to 130 kt (13
to 67 m/see). Thelma originated in the
monsoon trough as a broad area of convection
with slight curvature. Dvorak analysis
estimated an intensity of 25 kt (13 m/see), while
synoptic data indicated a cyclonic surface
circulation was present along with upper-level
divergence. As a result, the area was mentioned
on the Significant Tropical Weather Advisory
(ABPW PGTW) at 060600Z. Over the next

THELMA (05W)

eight hours, the amount of convection and its
organization increased. In addition, an aircraft
reconnaissance investigative mission early on
the 7th was able to close off the low-level
circulation center and found a minimum sea-
level pressure (MSLP) of 1003 mb. They also
reported maximum sustained surface winds of
20 kt (10 rn/see). At 070300Z, JTWC issued a
Tropical Cyclone Formation Alert.

The first warning on Tropical
Depression 05W was issued at 071800Z when
the system demonstrated a steady increase in
convection and organization, and satellite
intensity analysis estimated 30 kt (15 m/see)
sustained surface winds. The forecast
philosophy called for movement toward the
north for 24-hours through a weakness in the
700 mb ridge. The ridge was then expected to
strengthen and drive the system toward the
west. This did occur, but at speeds nearly triple
those forecast.
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Initially, Thelma did not develop as
quickly as expected. Once the first warning
had been issued on Tropical Depression 05W,
the system became broader and less organized.
Aimraft reconnaissance scheduled for 0800002
was unable to close off a surface center.
Thirteen hours later, the poorly organized
system passed about 60 nm (111 km) to the
north of Guam. Finally at 0900002 (on warning
number six), the system was upgraded to
tropical storm intensity. The upgrade was based
on aircraft reconnaissance data at 0900292
which reported a MSLP of 996 mb and
maximum sustained surface winds of 50 kt (26
m/see). (Post-analysis indicated that the
intensification had most probably occurred 12-
hours earlier.)

JTWC’S primary aid, the One-Way
Interactive Tropical Cyclone Model (OTCM),
preferred a northwesterly track or hinted at
recurvature in the 48- to 72-hour time frame
beginning with the guidance for warning
number 3 (0806002 July) (see Figure 3-05-1).
Recurvature forecasts started with warning

number 3, valid at 0806002. Although Thelma
continued tracking in a westward direction,
JTWC mistakenly continued to forecast
recurvature for the next 30-hours (spanning six
wtunings).

At 0912002, Thelma began developing
a banding eye. Warning number 10, valid at .
1000OOZ, upgraded the system to a typhoon.
This action was based on the aircraft reconnais-
sance data at 092138Z and 1000112 that
indicated an extrapolated MSLP of 974 mb and
estimated maximum sustained surface winds of
80 kt (41 m/see). Typhoon Thelma reached its
maximum intensity at 1112002, after a 36-hour
pressure fall of 66 mb (and a 12-hour pressure
fall of 25 mb) down to 911 mb. During this
time, Dvorak intensity estimates kept pace from
approximately 77 kt (40 m/see) to
approximately 127 kt (65 m/see). At 1112002,
Thelma became the season’s fmt super typhoon.
Aflerward, infrared satellite imagery indicated a
warming of the cloud tops which indicated that
Thelma had peaked in intensity. Satellite
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F@tz 3-05-3. ‘l&uufsfatellite i~ery sliowing ‘Typhuon%Wna after reading ~“mum intensity. !A@tebw &
upper-kvdoutjbru has ikwme nxtitedto the twrtk (l10632ZJufy A(O.$V!uisudi~enj.

imagery also indicated the system’s upper-level
outflow had become restricted to the north (see
Figure 3-05-3). Aircraft reconnaissance at
1123532 found that the eye was open to the
north and was becoming elliptical.

Typhoon Thelma began a sharp turn
toward the north at 1200002. Earlier, the
dynamic forecast aid OTCM had repeatedly
forecast movement toward the north or
northwest (see Figure 3-05-2), but the typhoon
continued to track westward. By 1212002,
Thelma was heading just west of north and the
OTCM guidance was on track.

Even though Thelma’s abrupt course
change occurred 300 nm (556 km) east of
northern Luzon, heavy rains and high seas
resulted in at least twelve fatalities in the

Philippine Islands. The northerly track took the
typhoon west of the island of Okinawa Japan,
and resulted in the evacuation of military
aircraft. Commercial airlines also interrupted
service, which stranded thousands of air
travelers as Thelma passed by.

Finally Typhoon Thelma slammed into
South Korea, where widespread flooding caused
death and destruction. Floods from Thelma
covered thousands of houses, ruptured
reservoirs, and destroyed roads, railroad tracks
and embankments. News coverage horn Korea
reported that Thelma killed at least 123 people
with 212 additional people listed as missing.
The missing were largely seamen and fisherman,
who were caught offshore. Officials estimated
losses at more than $124 million from damaged
or destroyed houses, crops, and water craft.

43



I
I

t

I

\!il
I



TYPHOON VERNON (06W)

Typhoon Vernon, the second of four
significant tropical cyclones to develop in July
followed closely on the heels of Super Typhoon
Thelma (05W). It was a weak and disorganized
system throughout most of its lifetime. As
such, initial positioning problems arose in the
Philippine Sea due to diffenmces between real-
time fix information from radar, satellite and
aircraft.

The initial tropical disturbance was first
detected in the near-equatorial trough near the
island of Truk in the eastern Caroli~ Islands at
1400002 July and was subsequently listed on
the Significant Tropicah Weather Advisory r
(ABPW PGTW) as having poor potential for

...

development into a significant tropical cyclone.
However, six hours later a low-level circulation
was apparent on visual satellite imagery. The
satellite intensity estimate (Dvorak, 1984) was
25 kt (13 m/see) and a Tropical Cyclone
Formation Alert (TCFA) was issued at
1408302. Convective activity did not increase
appreciably for the next two days, but the TCFA
was reissued twice due to-its persistence. On
1618002, the first warning was issued for
Tropical Depression 06W, based on an estimate
of maximum sustained surface winds of 30 kt
(15 m/see) from satellite imagery. The initial
forecasts were based on a persistent westward
trend with higher than normal speeds of 17 kt
(32 km/hr).

j@uE 3-06-1. % ama tfintense convectbn as seen un enhatuedinfindsatelhe imayey. %3 feature u.msused
to& Vernon dting must of the pekd between 170000Z and die nd&atiun at 181200Z (180042Z ~ufy lXWP
in$mdintqqey).
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Between 170600Z and 181200Z,
satellite fixes and radar reports indicated
Vernon had continued to move westward
toward the central Philippine Islands. During
this time, the most intense area of curved
convection remained just east of the Philippines
(see Figure 3-06-1 ) and appeared to be the
dominant feature. However, there was also a
low-level circulation center northeast of the
deep convection which was initially believed to
be a secondary circulation center. Figure 3-06-
2 shows this exposed low-level circulation
center about 180 nm (333 km) northeast of the
primary mass of convection at 180042Z.

After the last successful fix at 170224Z
July, keeping track of Vernon’s weak low-level
circulation center became increasingly more
difficult. To compound the problem, the radar
fixes at two different sites in the Philippine
Islands (WMO 98558 and WMO 98447)
reinforced the satellite analysis which continued
to fix on the main convective mass that was
moving towards southern Luzon (see Figure 3-
06-3). As a result, Vernon’s low-level
circulation was not recognized until an exposed
low-level circulation was identified by the .
satellite analyst at 181200Z. Immediately
thereafter, Vernon was relocated approximately
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Figure 3-06-3. TJphoon ~ernon> best track duting A period when the
system was rehcateff. ~te tliat no aircraft fiayJ were ma& between
1711224Z and 181325Z .9dy. *O nute tke ptvpmdmna of radiarfies
Rndsatiite fi~ which indkated wtxtward movement when the sytem
was actuallj movhy nortfiwestwad (h!kkd L%x). lltxe fhyx codd not
tieusedin tlieji%uflisttmc~

145 nm (269 km) to the north-northeast of the
original 1806002 position. This relocation was
subsequently verified at 1813252 by the first
aerial reconnaissance fix mission in nearly 36-
hours.

The Aerial Weather Reconnaissance
Officer (ARWO) on the fix mission reported
passing a probable vortex center on the inbound
leg of the primary fix mission as the aircraft was
heading toward the fly-to-point given by the
Typhoon Duty Officer. After consulting the

Typhoon Duty Officer, it was decided that the
satellite and land radar fix position should be
investigated. Once there, the ARWO reported
rising heights at the 850 mb level and no low-
level vortex. The Typhoon Duty Officer then
concluded there was only one circulation center,
vice multiple vortices. The aircraft crew was
then requested to return to the vortex they had
passed earlier and investigate it (see Figwe 3-
06-4). The ARWO subsequently located the
vortex and reported a center height of 1363 m at
850 mb.

47



N 15

14

N 13

E 127 128 129E

!@pre 3-06-4. Plbt ~ the 181325Z Ju&yaircnzft f~ mksion w&h
d@wn.ined & lbw-lixdcirc~tion tatter associatedm”tliVernon.

After the relocation, radar reports from existed separate from Vernon’s exposed low-
Guiuan Airport (WMO 98558) continued to fm level center. There is also no evidence that the
Vernon 170 nm (315 km) south of the aircraft central Philippine Islands ever experienced any
verifkd position. From synoptic data, there is significant winds associated with Vernon.
no evidence that a distinct circulation ever
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Figuw 3-06-5. ~~huon Vernon at its peak. inkwsiq
of 65 kt (33 m/see) (200143Z juf’ DM$P visuaf

imagey).

Vernon began to track steadily
northeastward toward Taiwan. It reached
minimal typhoon intensity at 1912002 (see
Figure 3-06-5). At that point positioning by
satellite was no longer a problem due to the
better defined central features. On 21 July,

%@.tv 3-06-6. 27ie spindhg ruinband of Vem.un w
seen tiynuhrjknn !J-hdikn, Taiwun (M?M1.146699) at
201500Z July (photograph courtesy of Centraf
WeatherBureau,T&pei,Taiwan)..
Typhoon Vernon began to interact with the
terrain of Taiwan as it skirted the eastern shore
and rapidly weakened to a tropical depression
(Figure 3-06-6). Vernon dissipated in the East
China Sea on 22 July after passing the northern
tip of Taiwan.
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TYPHOON WYNNE (07W)

Typhoon Wynne was the fifth typhoon
in the western North Pacific in 1987 and was of
interest due to several factors. Early
communication with meteorologists from
Kwajalein Atoll (WMO 91366) proved
instrumental in relocating Wynne, using radar
fixes during its formative stages. The system
developed into the third “midget” typhoon of
the year and maintained a visible eye for six
days. Wynne tracked along a constant 294
degree bearing for four consecutive days, during
which time, it crossed the northern Mariana
Islands, causing extensive damage to the islands
of Alamagan and Agrihan.

Wynne appeared as an amorphous, but
persistent, mass of cloud in the maximum cloud

F@cre 3-07-1. Wynne at the tropkdstunn stage of
tiiwebpmtwt about zoo nm (370 ~m) wtxt-northwest
of the 5@.wja&in AtolX 5V@tethe Miativefy cGwf-
fiee riqq surroundhg the sd6r&ht #0 (2223002

Jufj22M@?’Vh.afimqgey).
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zone east of the dateline and was first
mentioned on the 200600Z July Significant
Tropical Weather Advisory (ABPW PGTW).
Analysis of the sparse synoptic data indicated
convergence enhancing cross-equatorial low-
level flow into the system in the horizontal with
moderate wind shear in the vertical.

Wynne moved westward and continued
to improve in convective organization. Satellite
intensity analysis (Dvorak, 1984) of the well-
defined spiral cloud bands at 21 OOOOZ
estimated 30 kt (15 m/see) surface winds and 45
kt (23 m/see) surface winds were forecast for
the next day. Based on this information, a
Tropical Cyclone Formation Alert (TCFA)
followed at 2 10430Z. Through the 20th,
Wynne’s track remained westward in response
to the synoptic-scale flow south of the
subtropical ridge axis. On 21 July, however,
satellite reconnaissance fix positions indicated
cloud system center movement towards the
northwest. Due to this track change the alert
area was redefined at 212030Z and the TCFA
was reissued.

Discussions on 22 July between the
Typhoon Duty Officer (TDO) and
meteorologists on the Kwajalein Atoll, Marshall
Islands, provided invaluable positioning
information. Kwajalein was receiving light
winds and radar showed the main convection
associated with the tropical cyclone to be well
to the north of their location. The result was a
120 nm (222 km) northward relocation of the
221200Z warning position from its expected
location. By the end of the day, Wynne had
separated from the maximum cloud zone and
drawn down into a small bright central dense
overcast (CDO) (Figure 3-07-1).

An eye f~st became visible on satellite
data at 240000Z. From that point onward (a
period of six days), the system was
characterized by a small eye. The eye diameter
changed slightly from 12 nm (22 km) to 18 to
22 nm (33 to 41 km) in diameter. Typical of a
smaller than nomxd system, it had smaller than
average 30 kt (15 m/see) wind radii.
Aircraft reconnaissance revealed this anamoly.



Figure 3-07-2. Plot of aircraft I B -C
reconnaissance data from 252134Z to N~
260125Z -!.l@, showing the su$me and 700
mb fl~ht -level wind dis~”butwn around
2jphoon Wynnc. 9@e the pester e~tent 19
of the wind radii in the nortkeas tern
semicirck

F@ure 3-07-3. Tihoon !Wymt8two hours
befm crossing the northern Mankna and
near its chsest pm”ntqf approach to (juum. 16

“M&hths &xv momingsun fl the ti@it side
~ th picture, differences in cloud top ,, ,K

\
MnfulWFACEUmsl

II Id
L

he#its are accentuate by shadbwig. In ..!. 1 I I I I I
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.

fipn! 3-07-4. Miet ‘Typhoon W@ne near
ma@mum intensity. t@te the we(Ld@md 15

nm (28 ~m) eye (2618152 J@ ~OMJ4 infranxl
imqqey).
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Wynne’s wind radii were nearly twice as large
in the northeast semicircle as elsewhere (Figure
3-07-2). This appears to be related to the
pressure gradient between Wynne and the
subtropical anticyclone to the north. Figure 3-
07-3 shows Typhoon Wynne two hours before it
passed directly over the northern Marianas
island of Alamagan (240 nm (444 km) north-
northeast of Guam). At approximately the same
time (240000Z through 2712002) Wynne
followed an almost straight track along a mean
294 degree bearing. While on this course and
mean speed of 16 kt (30 km/hr), the typhoon
attained its maximum intensity of 125 kt (64
m/see) on the 26th (Figure 3-07-4).

An interesting aspect of Wynne’s travel
across the western North Pacific was that it
maintained a brisk forward speed of movement,
even through recurvature, where it slowed only
slightly to 10 kt (19 km/hr). Typically, a larger
decrease in forward speed is expected as a
system passes through the area of weaker
steering flow at the break in the subtropical
ridge axis.

As Wyme rounded the western end of
the mid-level subtropical ridge, it began to
experience increasing vertical shear from the
north. The exposed low-level cyclonic
circulation became visible at 291500Z (Figure
3-07-5). Even with this unfavorable envi-
ronment in the vertical, there were strong winds
associated with the system for the next two
days. Aircraft reconnaissance at 2911112
found 700 mb winds of 76 kt (39 m/see).

Wynne was downgraded from typhoon
to tropical storm intensity on the 32nd warning
(valid at 3000002) after a satellite intensity
estimate of 50 kt (26 m/see) was attained.
Subsequent aircraft reconnaissance at 292157Z
and 300027Z also reported maximum 700 mb
flight-level winds of 60 kt (31 m/see).

Wynne continued slowly weakening as
it moved eastward, south and southeast of the
main Japanese island of Honshu. Its forward
speed increased as a result of stronger mid-level
westerly flow. At the same time, Wynne began
entraining cooler, drier air fkom the north. As a
consequence, extratropical transition was
complete at O1OOOOZAugust.

Y@re 3-07-5. W$nne, at tropicafstonn intensity 130
nm (241 fire) east of the Japanese islhtd of X@&.
Low-1evel ckdiness &fines the e~osed circulation
center. Of interest, the br@t and a’iakpatches on the
ocean> swfaa to h east of the system am the nxult of
sun-- fint. tie pate-ha indiiate the anws of mlktiveij
smooth ocean stuface with kss w“nd waves which am
UW.@y then?sdtofl~hter SU~UCt?Wind$ IU!UTthe U@ of

the lbwer-trqxvpherk subtropical tie. In this case &
ridge ad runs east-to-west near 22 degrees !T@rtli
Latitu&. ‘Un&stanffing the lhcation and atmospheric
processes iwociatid with thd riajgeare vitallj important
to tropud cyclbne forecasting (292359Z -holy 2MU3P
Vi.wdimqqey).

In retrospect, the islands of Alamagan
and Agrihan suffered the only recorded major
damage due to Wynne’s passage. Their crops
were 90 to 100 percent destroyed and all
coconut trees were downed. Fortunately no
lives were lost. Except for this head-on meeting
between Wynne and these islands, no synoptic
data revealed the potent punch of this midget
typhoon. Only direct aircraft measurement and
indirect satellite reconnaissance recorded the
wind intensities because of the system’s small
size.
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TYPHOON ALEX (08W)

Typhoon Alex was the fourth and final
tropical cyclone to develop during the month of
July, and combined with Typhoon Wynne
(07W) to form the first multiple-storm situation
of the 1987 western North Pacific tropical
cyclone season. Wynne (07W) passed through
the Marshall Islands and intensified to tropical

storm intensity as Alex showed initial signs of
development on July 22nd. Six days later, on
the 28th, Wynne (07W) began to slowly recurve
south of Japan as Alex dissipated over the
eastern China coast. The closest the two
systems came to one another was 740 nm (1370
km) late on the 28th.

Figun? 3-08-1. !librniw view of the tropical dkurbance in thi?qfi~ippine

Sea whkh wou.liidiweibpinto Tjphoon ti% Convective bandi~ b eviahtt
in tlh lbw-Gwelc&md&kx (220102Z Julii D%LSPvisua( i~ey).
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Y@re 3-08-2. Synoptic sufme@di%nt-12vel stwamliw analysis of230000Z July dhta shuws a broad
cycbnu circuiiationin die PMijyi= Seu witfi an estimagd minimumsea-hvelpnxsum-~ 1000 mb andwid
of30 kt (15m/kc). (~te: dtifti~ by m“nJspeedi (in &) encksedin 60WS.}

Alex developed in the western end of
an active monsoon trough which stretched east-
to-west 2400 nm (4445 km) (south of 10
degrees North Latitude) from the dateline across
the Marshall and Caroline Islands. Late on the
21st, routine analysis of satellite imagery
indicated a tropical disturbance persisting in an
area of poorly organized convection 200 nm
(370 km) to the southwest of Guam. This area
was noted on the Significant Tropical Weather
Advisory (ABPW PGTW) at 220600Z due to its
persistence and indications of convective
banding in the low-level cloud lines visible on
visual imagery that morning (Figure 3-08-1).

Over the next twelve hours, the con-
vection increased and upper-level organization
improved rapidly. Infrared satellite imagery at
221800Z indicated a central core of heavy con-
vection had developed. Surface winds were
estimated at 25 kt (13 m/see) based on the
Enhanced Infrared (EIR) technique (Dvorak,
1984). As a result, JTWC promptly issued a .
Tropical Cyclone Formation Alert (TCFA) at
221930Z even though synoptic data indicated
only a broad surface circulation with an esti-
mated minimum sea-level pressure of 1005 mb. “
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Satellite intensity analysis at 2300002 Depression 08W. Six hours later, on the second
estimated surface winds of 35 kt (18 m/see) warning, Alex was upgraded to tropical storm
associated with this disturbance. A 30 kt (15 intensity based on increased organization that
m/see) ship observation north of the disturbance became evident on satellite imagery at
for this same time provided some ground truth 230600Z. Within 12-hours a well-defined
to the Dvorak estimate (see Figures 3-08-2 and convective band could be seen on satellite
3-08-3). Based on these data, JTWC imme- image~ wrapping into the center.
diately issued the first warning on Tropical

F@LM 3-08-3. ~iuufsate~te inuyey m the time ~ th $=t warning on ‘Zbpid Depmsh 08W’. See tke

230000Z -!iIu!jsynoptic su$he/@u&ent-fevef sttzand.k adysis in Fi@?z 3-08-2 fm compankm (230041Z Ju&j
Z3WWPvk.al imagey).
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The main forecast problem occurred
early, during the first two days of the system’s
Iifetime. Alex was forecast to track across the
Philippine Islands on warnings one through
five. The primary guidance came from two
forecast aids -- the One-Way Interactive
Tropical Cyclone Model (OTCM) and the Half
Climatology and Persistence Model (HPAC).
Figures 3-08-4 and 3-08-5 show the guidance
received for the first six warnings from the
OTCM and HPAC, respectively. They in-
correctly suggested Alex would remain south of
the strong subtropical ridge, move across the
Philippine Islands and then turn northward
towards mainland China. JTWC forecasters
determined the OTCM and HPAC guidance was
flawed and, on the sixth warning, relocated
Alex further north after several satellite fixes
indicated it was moving towards the northwest
rather than the west-northwest. Unfortunately,
beginning at 240900Z, there was increased

scatter in the sateIlite fixes as a cirrus canopy
developed over the center. This left JTWC
forecasters with no clear-cut indication of
exactly where Alex’s low-level center was. A
solitary aircraft radar fix was obtained at
240916Z which provided some close in
information, however a trained Aerial Weather
Reconnaissance Officer was uot onboard the
flight and the meteorological accuracy of the
position was suspect. Figure 3-08-6 shows a
satellite image prior to the time of the aircraft
fix. Notice the exposed low-level center is
displaced slightly northeast of the heaviest
convection. The radar site at Guiuan (WMO
98558) in the Philippine Islands fixed this area
of heavy convection and added to the
uncertainty as to where the actual location of
Alex’s center was.

Forecast guidance for the next five
warnings indicated Alex should track through

~@re 3-08-6. Mornin. view of
He% % e~osedhw-level center
is displaced sli@itly nortlieast of
the bavkt convection (240021Z
JLLy %(0%? vim.uli~ey).
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the Luzon Strait and make landfall over
mainland China to the west of Taiwan. JTWC
forecasts for this time period (240600Z through
250600Z) reflected this guidance. Also during
this period, Alex continued to slowly intensi&.
Between 241500Z and 241 800Z, it developed
an eye. This eye was first implied by a warm
spot in the central cloud mass on the nighttime
infrared imagery (see Figure 3-08-7).

At 1200Z on the 25th, Alex reached its
maximum intensity of 65 kt (33 m/see) and was
upgraded to typhoon status. At that time, Alex
was 120 nm (222 km) east of the northeast tip
of Luzon. Forecast guidance at 2512002
changed significantly, suggesting a more
northward movement, which would take Alex
east of Taiwan vice through the Luzon Strait.
The reason for this change in computer forecast
guidance appears to be twofold. First, a surface
frontal boundary stalled across the eastern coast
of Asia, and second, a large break developed
between the upper-level subtropical ridge south
of Japan and the Siberian High.

Alex remained at minimal typhoon
intensity for another 30-hours and then began to
slowly weaken. It was then steered toward the
north by the low-level southerly flow east of the
stalled front, which caused it to brush the
eastern portion of Taiwan (Figuxe 3-08-8) and
pass within 30 nm (56 km) of the capital city of
Taipei.

Shortly after passing Taipei, Alex was
drawn slightly westward by the lee effect of its
interaction with Taiwan’s mountainous terrain.
This caused Alex to make landfall on the China
coast near the city of Wenzhou, 200 nm (370
km) south of Shanghai. The system then moved
inland and dissipated as a significant tropical
cyclone. Figure 3-08-9 shows Alex with
respect to Wynne for this same time period.
Near 281 800Z, the mrmants of Alex, with its
residual vorticity and moisture, once again
moved over water but did not regenerate into a
significant tropical cyclone. It did, however,
add to the band of precipitation that had stalled
over Korea and, as a consequence, over 12
inches (300 mm) of rain fell within 24-hours.
This deluge triggered major flooding, landslides
and loss of life. In contrast, the damage to
Taiwan and China was minor.

F@UV 3-08-7. % impLkd eye appeam as a warm
(white) spot in the central clbud mass (da~~)
(241837ZJtdij~OW? enharuedinjkuzdimagenJ

!Fipe 3-08-8. % t@htJy curved tuinband and eye
waK of ZJ@oon ~ as seen by raakrfmm !?@alien,
T&wan @f.?iWO46699) at 2614002 Juliy (Photoytuph
courtesy of Central Weather Bureau, Taipei,
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F@re 3-08-9. Tjphms Xfi.K and W@Lne (077#) appeared together on dk$ thredo~ irtfmmd sateflite i~e
(9@e: wkkst dbudtops appear 6&@ JL%xiiadjust mirvedinlh.ndover die easttvn mast of Cfiina andw.@uu w
s~on a northwwwardtmek Iieadkg towmdOkinaaxa, Japan (271341ZJa@ ~P akwtedinjitaw,diwyj
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SUPER TYPHOON

Super Typhoon Betty was the first of
two tropical cyclones to hit Vietnam during the
month of August. Betty was also the second
super typhoon (intensity equal to or greater than
130 kt (67 mkc)) of the 1987 western North
Pacific tropical cyclone season and had the
lowest reported minimum sea-level pressure
(891 rob). It intensified (deepened) explosively
(Holliday and Thompson, 1979) prior to making
landfall in the Philippine Islands. Other
distinguishing characteristics were the large size
of the area of intense convection, the small
radius of maximum wind and the associated
strong low-level southwest monsoonal inflow.
Also of note was the large radius of gale force
winds in Betty’s northwest semicircle, due to the
enhancement of surface winds by a strong

ressure gradient between the tropi~al cyclon=
Id the subtropical ridge.

After Typhoon Alex (08W), which had
weloped in the low-level southwest monsoon

BETTY (09W)

trough, dissipated on the 28th of July, the mid-
level subtropical ridge again became well-
established over the western North Pacific.
Coincident with Alex’s (08W) movement
toward the north was the replacement of the
strong low-level southwest monsoonal flow
over the South China Sea by the ridge.

Betty was first detected on the 7th of
August as a tropical disturbance embedded in
the monsoon trough, which extended from the
Marshall Islands westward to the Philippine
Islands. Satellite intensity estimates (Dvorak,
1984) showed surface winds of 25 kt (13 m/see)
when the disturbance was 65 nm (120 km)
north-northwest of the is~@d, of Belau in the
western Caroline ,Islands~; The system
cloudiness developed-rapidly early on the 8th
prompting JTWC to issue a Tropical Cyclone
Formation Alert at 0300Z.’ Figure 3-09-1 shows
the disturbance on the8th, ~f August exhibiting

..”

outf!hw were present (081257Z August D$U5P viwdinqe y). ,. :,.<. . . . . .,, ,;. :,... ..- :“..: ., ,
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signs of organization in its upper-level outflow
pattern. The system moved westward and
reached tropical storm intensity on 9 August.

In the 37-hour period between 1000OOZ
and 11 1300Z, Betty’s minimum sea-level
pressure dropped from 985 mb to 892 mb, a
decrease of 93 mb. This translates to a drop of
approximately 2.5 mb/hr (sustained for at least
12-hours) or explosive intensification. JTWC
uses a technique (lhnnavan, 1981), in which
the 700 mb equivalent potential temperature,
Theta-E, (a measure of the tropical cyclone’s
thermodynamic energy based on the central 700
mb temperature and dew point) and the
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minimum sea-level pressure are compared to
forecast explosive intensification. This
technique forecasts intensification to below 925
mb whenever the plots of minimum sea-level
pressure and Theta-E intersect near the critical
values of 950 mb and 360 degrees Kelvin, both
values being statistical means derived from
analysis of past intense tropical cyclones.
Figure 3-09-2 is a plot of Betty’s minimum sea-
level pressure and Theta-E during the period
082300Z to 120000Z. At point A (101730Z) .
the two lines intersect, as the minimum sea-
level pressure at this time is plummeting
downward. Based on this information,
explosive deepening was forecast.



Figure 3-09-3 shows Super Typhoon
Betty near maximum intensity with a well-
defined eye and intense convection covering a
large area around the system. Aircraft
reconnaissance on the loth and 1ltli of August
consistently located the maximum surface
winds 10 to 15 nm (19 to 28 km) from the
center and radar eye diameters of 11 to 15 nm
(20 to 28 km). Both measurements showed the
center to be very small and compact.

The threat posed by Super Typhoon
Betty resulted in the evacuation of aircrti from
Cubi Point Naval Air Station and Clark Air
Base, as well as the movement of several ships
from Subic Bay. Later, news seMces reported
at least twenty people were killed, seven
missing and more than 60,000 left homeless as a
result of Betty’s passage over the Philippine
Islands. Damage to buildings and crops was
estimated in the millions of dollars.

Betty weakened horn 140 kt (72 mhec)

to 110 kt (57 mkc) as it accelerated across the
central Philippine Islands. The subtropical
ridge continued to be the dominant synoptic-
scale feature, extending westward into the South
China Sea.

After entering the South China Sea
early on the 13th of August ,and still main-
taining 95 kt (49 m/see) winds, Super Typhoon
Betty began to reintensify over water as it
continued on a west-northwesterly track. By
140600Z, Betty’s intensity had peaked again, at
115 kt (59 Ill/seC), 390 nm (722 km) SOUth of
Hong Kong. Betty slowly weakened as it began
to interact with the mountains of Vietnam and
the island of Hainan which prevented further
intensification by hampering its low-level
inflow. Crossing the Gulf of Tonkin in less
than a day, Betty slammed into the coast of
Vietnam 190 nm (352 km) south of Hanoi. The
final warning on Betty was issued at 161800Z
as the system weakened and dissipated over the
mountains inland.

F@n 3-09-3. Super T’@fbOn@etq - maxjmumintensity. %is expadxfimqge sfbws die d-dijkdeye and
lizye symmetianu qfintwtse convection(l10i?57ZAqgust LD5WPmkuufimagely).
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TYPHOON CARY (1OW)

Typhoon Cary was the second
significant tropical cyclone to develop in
August. It shared the western North Pacific
with Super Typhoon Betty (09W) for four days;
coexisted with Super Typhoon Dinah (1lW) for
one and a half days, and then was part of the
first three-storm situation of 1987 for 12-hours
with Dinah (1 lW) and Tropical Storm Ed
(12W).

Cary was fiist identified on the 6th of
August as an area of convection, that persisted
longer than usual in the monsoon trough 200
nm (370 km) to the southwest of the island of

Pohnpei in the eastern Caroline Islands. As a
result, the cloud system was placed on the
Significant Tropical Weather Advisory (ABPW
PGTW) at 070600Z. The system remained
broad and poorly organized over the next four
days. By the 12th, upper-level outflow had
improved and was unmsrncted in all quadrants.
Additionally, satellite intensity analysis
(Dvorak, 1984) showed winds of 25 kt (1’3
m/see). A Tropical Cyclone Formation Alert
(TCFA) followed at 120300Z.

Aircraft reconnaissance at 1223022
estimated the maximum surface winds at 55 kt
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(25 mkc), but the minimum surface pressure
reported was only 996 mb, which usually
supports a maximum wind speed of 37 kt (19
m/see). At 121800Z, satellite intensity analysis
determined that Cary’s intensity was 35 kt (17
ndsec). Subsequent satellite intensity analysis,
six hours later, indicated that Cary had winds of
45 kt (23 m/see). Based on these intensity
estimates the first warning on Tropical Storm
Cary was issued at 130000Z with winds of 50 kt
(26 Xn/SeC)gusting to 65 kt (33 m/SeC). Post-
analysis revealed that Cary most probably had
an intensity of 40 kt (21 rn/see) at the time of
the first warning, and had reached tropical
storm intensity six hours earlier at 121800Z

The synoptic feature that dominated the
low-level steering flow was the subtropical

ridge to the north. With Cary embedded in the
monsoon trough east of Super Typhoon Betty
(09W), the initial forecast reasoning was for
Cary to track northwestward south of the ridge,
closely paralleling the track of Betty (09W).
The intensity was expected to increase at a
normal rate, but the initial intensiilcation and
development of Cary was inhibited by Betty
(09W) to the west. As Betty (09W) began to
weaken as it crossed the Philippine Islands,
Cary’S upper-level outflow improved enough to
allow development.

Satellite intensity analysis over the -
next 36-hours indicated that Cary developed
rapidly to 90 kt (46 m/see) at 140600Z. Post-
analysis revealed that the satellite-derived
intensity estimate (“T-number”) was incomect -
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Yi@re 3-1o-3. ‘TyphoonCay at near ma~imum
intensity and appro-;hin. landfd on the isihnd 4
Lu.zon(170036Z Atgust 2XM3L?vkdi~ety).

the diameter of the cold convective cover was
misinterpreted as the diameter of a central dense
overcast. Aircraft reconnaissance during the
same period indicated that Cary was weakening
(see Figure 3-10-1). Aircraft reconnaissance at
1400292 reported maximum winds of 50 kt (26
m/see), however, a minimum sea-level pressure
of only 1004 mb was reported, which normally
supports only 21 kt (11 m/see). Aircraft
reconnaissance at 1411512 found 850 mb winds
of 36 kt (19 n-dsec) and an 850 mb height of
only 1425 meters, which extrapolated to about

1000 mb surface pressure and surface winds of
30 kt (15 rn/see). The accuracy of the latter fix
was especially questionable since the flight-
Ievel winds did not support the position in the
vortex data message as being the low-level
center. Additionally, the Aerial Reconnaissance
Weather Officer indicated there was frequent
lightning in all quadrants, possible multiple
centers and that a penetration of the center was
not feasible on this mission. Possibly the 850
mb fix (as indicated on Figure 3-10-2) should
have been made about 18 nm (33 km) to the
south as shown by the streamline analysis,
Also, the excessive scatter (see Figure 3-10-1)
of the intensity data acquired by different
platforms during this phase of Cary’s life is not
often observed.

The last scheduled western North
Pacific aircraft reconnaissance mission was
flown on the 15th of August. At 151405Z, the
maximum 700 mb winds reported were 61 kt
(31 rn/see), and the 700 mb height was 3007
meters. This corresponds to about a 990 mb
surface pressure and 46 kt (24 rn/see) winds.
These values represented the strongest winds
and lowest pressures found by aircraft
reconnaissance on this system. Earlier Dvorak
intensity estimates at 150600Z showed winds of
90 kt (46 mlsec). Post-analysis setded on a
maximum wind of about 70 kt (41 rdsec) at
1518002 (see Figure 3-10-1).

Cary reached its maximum intensity of
85 kt (44 m/see) at 1706002, shortly before
making landfall on eastern Luzon (Figure 3-10-
3). The intensity dropped from 85 kt (44 m/see)
to 50 kt (26 m/see) as Cary crossed the
Philippine Islands. Extensive flooding was
reported in the northern Philippine Islands.
There were no reports of casualties.

Cary continued onward across the
South China Sea and reintensified to 70 kt (36
m/see) just southeast of the island of Hainan.
The closest point of approach was 15 nm (28
km) to the south of Hainan at 2118002. Cary
then tracked toward the west through the Gulf
of Tonkin and swept into northern Vietnam at
221200Z. The final warning was issued at that
time. The dissipating system with its residual
vorticity and moisture tracked northwestward
over land into Burma before finally losing its
identity on satellite imagery.
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SUPER TYPHOON DINAH (llW)

Super Typhoon Dinah (1 lW), the most
destructive typhoon to strike Okinawa and the
southern islands of Japan in the past 20 years,
caused extensive damage to both Japanese
civilian properties and U.S. military bases and
assets.

Dinah was first observed on satellite
imagery as a disorganized cluster of weak
convection in the near-equatorial trough on 18
August. By the 19th, convection became better
organized and the disturbance was noted on the
Significant Tropical Weather Advisory (ABPW
PGTW) issued at 190600Z. During the next

eighteen hours, Dinah developed a low-level
circulation as it passed northwest of the island
of Pohnpei and moved beneath moderate
directional and speed divergence at the 200 mb
level. The 200000Z satellite image~ indicated
weak convective curvature and, as a result, a
Tropical Cyclone Formation Alert was issued at
200427Z. During the next eighteen hours,
satellite imagery indicated a considerable
increase in convection which had become more
centralized (see Figure 3-11- 1). The system
was assigned a Dvorak intensity number (“T-
number”) of 2.0 which corresponded to
maximum sustained surface winds of 30 kt (15

j@re 3-11-1. (k initial Axebpment of Super 2jpfwon Dinah was first noted a5 a considirabh increase in the

amount ofcdnvection (2021O2Z Augu5t 9@XX viwdimqey).
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Y@re 3-11-2. Super %@ioon Dinah in the!.?%ilippimSea war w“mum intensity (260054Z August c?W?3!PwLsual
imagey).

rn/see) and an estimated MSLP of 1000 mb. At
21 OOOOZ,the first warning was issued on
Tropical Depression 11W when it was located
300 nm (556 km) east-southeast of Guam.

Between 21 OOOOZ and 2118002,
Tropical Depression 1lW assumed a more
westward track in response to the strengthening
subtropical ridge to the north and moved
beneath an upper-level anticyclone which had
associated strong speed divergence southwest of
the system. The increased outflow signature on
satellite imagery allowed for a Dvorak intensity
estimate of ’35- kt (18
estimation, Tropical
upgraded to Tropical
2118002.

m/see). Based on this
Depression 1lW was
Storm Dinah (1 lW) at
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Over the next forty-eight hours, Dinah
moved westward passing 120 nm (222 km)
south of Guam at 2203002 with maximum
sustained surface winds estimated at 40 kt (21
m/see). Dinah did not intensify at the normal
rate of one “T-number” per day. This was
apparently due to 45 kt (23 m/see) 200 mb
winds over the cyclone which created an
undesirable shearing environment. However,
by 2400002, Dinah had moved away from this
unfavorable shearing environment and
developed a good anticyclonic outflow pattern
which was visible on satellite imagery. The -
2412002200 mb streamline analysis confined
this and indicated a good cyclonic outdraft
directly over Dinah’s center which became
anticyclonic as it moved radially outward from



the center. During the fiist half of this period,
Dinah tracked westward and then gradually
turned more toward the west-northwest. JTWC
forecasts correctly predicted the system’s
motion which was supported by the dynamic
One-Way Interactive Tropical Cyclone Model
(OTCM).

A Dvorak intensity analysis of satellite
imagery at 240300Z estimated maximum
sustained surface winds of 65 kt (33 m/see) and
an estimated MSLP of 980 mb. On the
240600Z warning, Tropical Storm Dinah was
upgraded to typhoon status. At that time it was
located 500 nm (926 km) west of Guam.
Between 240600Z and 250600Z, Typhoon
Dinah’s outflow continued to increase with
some restriction northwest through northeast of
the cyclone which was associated with weak

short-wave troughs passing to the north.
However, those minor restrictions did not
inhibit Dinah from continuing to intensify at the
normal Dvorak rate.

During the next twenty-four hours,
Typhoon Dinah’s intensity increased at a rate
much faster than the normal one “T-number”
per day and by 260000Z it reached super
typhoon intensity (130 kt or 67 m/see) at a
location 500 nm (926 km) east of northern
Luzon (see Figure 3-11-2). Dinah remained at
super typhoon intensity for only a few hours but
maintained maximum sustained surface winds
of 110 kt (57 m/see) or greater until 280600Z.

From 240600Z until 281200Z, Dinah
basically tracked toward the northwest at an
average forward speed of 11 kt (20 km/hr)

Figure 3-11-3. ~nah during its dkipating stagepassi~ to & west qfO&awa, Japan (290605Z August ~O!.V4
vGuafimagenJ.
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during the first twenty-four hour period,
slowing to an average of 6 kt (11 km/hr) by
2518002. The slower forward speed is typical
of a very well-developed and very intense
tropical cyclone as it approaches the axis of the
subtropical ridge prior to recurvature.

After 2812002, Typhoon Dinah made a
turn toward a more northerly track as it moved
around the western periphery of the subtropical
high. During the next thirty-six hours, Dinah
moved into unfavorable upper-level conditions
in the form of impinging mid-level short-wave
troughs moving northeastward across eastern
China and Japan. As each short-wave trough
passed north of Dinah, upper-level wind shear
increased and the system’s outflow became
restricted. As a result, Dinah steadily
weakened.

Although Dinah began to weaken after
2812002 (Figure 3-1 1-3), it still had maximum
sustained surface winds of 85 kt (44 rrdsec) as it
passed 90 nm (167 km) west of Kadena Air
Base (Figure 3-1 1-4) at 2915002. It caused
considerable damage to U.S. military facilities

.

on Okinawa. One person was killed and six
people were injured. Trees were uprooted or
broken off (Figure 3-11 -5), utility poles and
lines were blown down, and roofs and suffered
structural damage. Total damage estimates to
U.S. military facilities on Okinawa were in
excess of $1.3 million. Maximum sustained
surface winds on Okinawa were 63 kt (32 .-
mksec) with gusts horn 98 to 106 kt (50 to 55
mhec). Minimum sea-level pressure observed
was 983 mb at 2917552. By 3000002, Dinah
was located 120 nm (222 km) northwest of
Okinawa with maximum sustained surface
winds estimated to be 85 kt (44 m/see). A ship
passing 30 nm (56 km) northeast of Dinah’s
center at that time reported sustained winds of
75 kt (39 m/see) fkom the southeast and a sea-
level pressure of 938.7 mb.

Dinah began to recurve by 3000002,
assumed a north-northeasterly track and
accelerated while still maintaining maximum
sustained surface winds of 85 kt (44 m/see). At
3017002, Typhoon Dinah passed 60 nm (111
km) northwest of Sasebo Naval Base in western

Figure 3-11-4. $@ihrscope photo cf Dinah at 291224Z Aqust (Photo courtesy
qf~etachment 8,20 WeathrSquad%, t@d&aAB, Japan).
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F@re 3-Ii-5. Zireeson O@tawa were d.innqqedand uprooted 6y the high wind
associated with ZXnah> passa~e (Photo courtesy of Detachment 8, 20 Weather
Squad%t, !7@12naXB, Japan).

Japan where maximum sustained surface winds
of 60 to 65 kt (31 to 33 m/see) with gusts to 90
kt (46 rnlsec) were observed. Extensive damage
was caused by the storm surge and tidal action
on seawalls and piers. A landing craft from the
USS San Bernardino was destroyed when the
seawall eroded and the pier collapsed. Damage
also occurred to trees, utility lines and poles,
and some building structures. Damage costs to
the Japanese Sasebo Navy complex were in
excess of $6.7 million, making Dinah the worst
tropical cyclone to stike southwest Japan in
recent history.

By 31000OZ, Dinah was becoming
extratropical as it began to merge with a mid-
latitude frontal system that extended
southwestward across the Sea of Japan. It was

beneath the polar jet stream which had winds in
excess of 90 kt (46 m/see). Dinah was
downgraded to a tropical storm as its convection
sheared off to the northeast. The final warning
was issued at 3106OOZas the cyclone continued
to accelerate toward the northeast at 33 kt (61
km/hr).

Throughout Dinah’s life, JTWC
consistently forecast recurvature and
acceleration toward the northeast through the
Sea of Japan. Forecast track errors were smaller
than average. The dynamic aid OTCM
performed extremely well during recurvature,
while the objective aids Half Persistence and
Climatology (HPAC) and climatology were
used extensively as Dinah passed beneath the
subtropical ridge.

’75



Figure 3-11-5. Trees on O&zawa were dhffuyed and uprooted 6y the high wi”nh
associated with @inah> passage (Photo courtesy of Detachment 8, 20 ‘Weather
Squadron, !?@dinaJIB, Yapan).

Japan where maximum sustained surface winds
of 60 to 65 kt (31 to 33 m/see) with gusts to 90
kt (46 rdsec) were observed. Extensive damage
was caused by the storm surge and tidal action
on seawalls and piers. A landing craft from the
USS San Bernardino was destroyed when the
seawall eroded and the pier collapsed. Damage
also occurred to trees, utility lines and poles,
and some building structures. Damage costs to
the Japanese Sasebo Navy complex were in
excess of $6.7 million, making Dinah the worst
tropical cyclone to strike southwest Japan in
recent history.

By 31OOOOZ,Dinah was becoming
extratropical as it began to merge with a mid-
latitude frontal system that extended
southwestward across the Sea of Japan. It was

beneath the polar jet stream which had winds in
excess of 90 kt (46 m/see). Dinah was
downgraded to a tropical storm as its convection
sheared off to the northeast. The final warning
was issued at 3106OOZas the cyclone continued
to accelerate toward the northeast at 33 kt (61
-).

Throughout Dinah’s life, JTWC
consistently forecast recurvature and
acceleration toward the northeast through the
Sea of Japan. Forecast track errors were smaller
than average. The dynamic aid OTCM
performed extremely well during recurvature,
while the objective aids Half Persistence and
Climatology (HPAC) and climatology were
used extensively as Dinah passed beneath the
subtropical ridge.
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TROPICAL STORM ED (12W)

Tropical Storm Ed (12W) was the third
of four significant tropical cyclones that
occurred during the month of August. Ed was a
difficult system for JTWC to locate and forecast
because of its fluctuations in intensity, speed
and track direction, and its poorly defined cloud
signature.

Ed formed during the third week of
August in the western North Pacific monsoon
trough about 90 nm (167 km) east of the island
of Majuro in the Marshalls. It was frost detected
as an area of persistent convection with a

coincident weak low-level cyclonic circulation.
This suspect area appeared on the Significant
Tropical Weather Advisory (ABPW PGTW) at
200600Z. For the next 24-hours, the disturbance
moved rapidly at a speed of 17 to 23 kt (32 to 43
km/hr) toward the west-northwest. Improved
upper-level outflow and increased central
convection prompted the first Tropical Cyclone
Formation Alert (TCFA) at 2106OOZ.

At 212130Z, a second TCFA was issued
to supersede the first TCFA, since the
disturbance was moving out of the original alert

Fipz 3-12-1. Formative st~e of ZiTopicafStorm Ed (212253Z fluyust D5WT visual
i~enj.



F&un 3-12-2. ’27b n?genemted’TropieafDepression 12Wshordy before it was upgnz&donce more
to %opicdStorm K.d(262252Z Jlyy@ !D5t@? tiudi~ey).

area. The disturbance continued on a west-
northwestward track at slightly lower speeds of
14 to 17 kt (26 to 32 krdhr).

Visual satellite imagery (Figure 3-12-1)
showed tighter curvature of the convective
cloud lines and increased cirrus outflow to the
north. Also, drifting buoys in the area indicated
surface wind speeds of 25 to 30 kt (13 to 15
m/see). As a result, at 220000Z the second
TCFA was upgraded to Tropical Depression
12W. Unexpectedly, thirty-hours later Tropical
Depression 12W showed significantly
decreased convection and system organization
on satellite imagery. Consequently, a final
warning was issued. The tropical disturbance
was then placed on the ABPW PGTW and
monitored for signs of future regeneration,

Ed did maintain its low-level identity
even as Typhoon Dinah (11 W), which was
further to the west, was increasing the vertical
shear aloft over it. Finally, a ragged central
dense overcast persisted and the system’s upper-
level outflow redeveloped. The third TCFA
followed at 240800Z. However, by 250600Z,
the TCFA was cancelled when the upper-level
outflow from Super Typhoon Dinah (11 W),
located to the west, increased its shearing effect
on Ed which caused the convection to
significantly decrease.

At 262030Z, a fourth TCFA was issued -
when cloudiness associated with the disturbance
flared-up again. Satellite intensity analysis
(Dvorak, 1984) estimated the intensity of the
system at 35 kt (18 rn/see). This TCFA was
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almost immediately u~maded as TroDical
Depression 12W, witfi a ;;lid time of 261 ~OOZ,
based on the receipt of a new satellite picture,
which indicated that the disturbance had been
developing more rapidly than previously
expected (see Figure 3-12-2).

The regenerated Tropical Depression
12W was further upgraded to tropical storm
intensity at 2700002. This upgrade was based
on the Dvorak satellite intensity analysis at
261800Z, that indicated 35 kt (18 m/see)
sustained surface winds. In addition, at

270600Z, Tropical Storm Ed’s position was
relocated on the warning due to the formation of
a 60 nm (111 km) diameter central dense
overcast from a central cold cover. As a result,
Ed’s center location was moved 45 nm (83 km)
farther north. Later, at 27 1200Z, Tropical
Storm Ed (12W) was relocated a second time
when satellite fixes revealed that the system had
moved 75 nm (139 km) further north than
previously forecast. When the central con-
vection was finally srnpped away from the low-
Ievel circulation, the last warning was issued at
2800002 (see Figure 3-12-3).

F@m 3-12-3. %opicdStonn Ed (’12W) after h systi?mhad sbd its central dense overcast
(270445ZAugust !l(OM VLw.alimqey).
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TYPHOON

Freda was the first of seven significant
tropical cyclones to develop during the month
of- September and the -
middle tropical cyclone
(geographically) of three
systems that developed at
nearly the same time;
namely Freda, Typhoon
Gerald ( 14W) and Super
Typhoon Holly (15 W).
During this three tropical
cyclone outbreak, indi-
vidual development and
movement trends were
very similar even though
the systems were never
closer together than 900
nm (1667 km). Freda was
unusual because although
it traversed less than 10
degrees of longitude while
in warning status, it moved
northward for almost
twenty-five degrees of
latitude. Freda’s thirteen
day life span and fifty
warnings were WESTPAC
records for 1987.

FREDA (13W)

With the tropical disturbance just
southeast of Guam, there was heightened

‘ co lnce rn about intensi-
fication as the system
moved into an area of
decreased vertical shear.
During the night, infrared
satellite images showed a
flaring of convection,
rapidly expanding cirrus
outflow and a speedy
displacement of the cloud
system toward the west.
Satellite analysis at
041745Z estimated maxi-
mum sustained surface
winds of 30 kt (15 m/see)
and supported the issuance
of the first warning on
Tropical Depression 13W
at 041800Z. (This was also
the time JTWC went to
warning on Tropical
Depression 14W.) Within
six hours, after the first
visual satellite imagery
provided a better look,
Tropical Depression 13W
was relocated 215 nm (398

Freda developed in ~Mure 5-~3-~. yirst appcarartce ~ yredus eyekm) east-southeast of the
an active monsoon trough. (061723ZSepte&er9@431 iniredimqgery). earlier expected position.
The disturbance first Warning number two
appeared as a persistent cluster of convection in included the amplifying remarks:
the eastern Caroline Islands on the 1st of
September. Due to the persistent convective Satellite imagery over the past
activity it was mentioned as a new suspect area six hours for Tropical
on the 030600Z Significant Tropical Weather Depression 13W indicate that
Advisory (ABPW PGTW). A low-level the feature previously tracked
cyclonic circulation was apparent in the on infrared imagery, has
synoptic surface/gradient-level data beginning weakened, hence the system has
at 031200Z. By 040000Z, synoptic data been relocated. The latest
indicated winds of 20 to 30 kt (10 to 15 rn/see). visual imagery shows low-level
Satellite intensity analysis (Dvorak, 1984) cloud lines placing the low -
est.imated maximum sustained surface winds of level circulation center
25 kt (13 rdsec). These data, plus a distinct substantially further to the east
gradient-level circulation and a 3 mb pressure than previously expected. This
fall over the past 24-hours (to a minimum of also indicates a slower forward
1003 mb) supported a Tropical Cyclone speed.
Formation Alert issued at 040357Z.
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Figure 3-13-2. Tihmn Fredh war ma@num intensity. 9@e tk ebngation qfthechfsystemfiom wt-northeast
to west-southwest (l10030ZSeptem6er ~P visuafi~ey).

Freda passed approximately 30 nm (56 km) warning on Tropical Depression 15W, thus
southwest of Guam while moving north- creating the second three-storm warning
westward at 14 kt (26 km/hr) with an estimated situation of the year.)
intensity of 25 to 30 kt (13 to 15 m/see). Once
past Guam, Freda developed rapidly and was Suddenly, twelve-hours later, Freda
upgraded to tropical storm intensity at 050600Z. appeared to become quasi-stationary at a
(It was at this time that JTWC also began position approximately 250 nm (463 km) to the
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west-northwest of Guam. This was also the
same time that Tropical Storm Gerald (14W)
became quasi-stationary. The two systems were
approximately 900 nm (1667 km) apart at that
time.

With the appearance of a small ragged
eye on satellite imagery at 061723Z (see Figure
3-13- 1), Freda was upgraded to typhoon
intensity. After executing a tight cyclonic loop,
Freda began to move slowly westward on the
8th. Then, on the 10th, Freda slowed and
started a tight turn toward the northeast.
Concurrently with the track change, Freda
reached an estimated peak intensity of 125 kt
(64 rdsec), based on Dvorak satellite intensity
analysis, Figure 3-13-2 shows Freda early on

the 1lth as it rounds the western periphery of
the subtropical ridge. Note the elongation of the
cloud system into an east-northeast/west-
southwest orientation. This asymmetry is a
consequence of adjustments between the
tropical cyclone and the ambient flow. (One
day prior to Freda’s change in track toward the
north, Super Typhoon Holly (15W) also moved
northward. At 09 1200Z, the two systems were
approximately 1080 nm (2000 km) apart. Super
Typhoon Holly (15W) had been steadily
moving closer to Freda from the east prior to the
northward bends in their tracks.)

During this prolonged northward trek, a
consequence of the intense monsoonal trough
and the absence of a strong subtropical ridge,
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Freda started to slowly accelerate and weaken.
At 18002 on the 13th, Freda was downgraded to
tropical storm intensity.

On the 16th, Freda began to interact
with an eastward-moving, mid-level trough
passing to the”north of the system. This
interaction resulted ina curved track toward the
northeast. As a result, Freda missed the
southeastern tip of Honshu by approximately

180 nm (333 km). Shortly thereafter, Freda
began extratropical transition as vertical wind
shear increased and the system entrained dry,
cool, mid-latitude air. The last warning was
issued by JTWC at 170000Z as the system
accelerated toward the northeast.

Guam received two distinct heavy .
periods of rain over five days when Freda
stalled to the west (Figure 3-13-3). Specifically
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on the 4th of September, when Freda was close
by hlAVOCEANCOMCEN/JTWC located on
Nimitz Hill, Guam received 3.35 in (8.51 cm) of
precipitation, and the Naval Oceanography
Command Detachment at the Naval Air Station
Agana, a few miles further north, received 3.75
in (10.93 cm). On the 8th, over 2.5 in (6.35 cm)
of rain fell on Guam as convection associated
with a spiral band passed overhead. Due to the
proximity of Freda, and later Super Typhoon
Holly ( 15W), Guam experienced periods of

gales from the south-southwest to west-
southwest for nearly 10 days (from the 5th
through the 14th) (Figure 3-13-4). The
strongest observed winds reported during this
period were the 40 kt (21 m/see) southwesterly
gradient-level winds at 121200Z. The resulting
high seas and hazardous surf through the
Marianas disrupted shipping, destroyed
seawalls, damaged reefs, eroded beaches and
stranded islanders; but fortunately no lives were
lost.
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TYPHOON GERALD (14W)

Typhoon Gerald developed in early
September in an active monsoon trough at the
same time that Typhoons Freda (13W) and
Holly (15W) were intensifying further to the
east. Gerald was unique in that it matured
within the monsoon trough and did not detach
from it. Themost distinctive feature of Gerald
was an unusually large eye.

After Typhoon Dinah (llW) moved
northward through the East China Sea and
became extratropical in the Sea of Japan, the
minimum sea-level pressures (MSLPS) east of
the Philippine Islands remained slightly lower
(1005 mb) than the seasonal mean of 1007 mb.
This below normal low-pressure area was not

mentioned as a suspect area on the Significant
Tropical Weather Advisory (ABPW PGTW)
until 0206002 September, when persistent
convection appeared.

A Tropical Cyclone Formation Alert
(TCFA) at 0208302 upgraded the suspect area
in the Philippine Sea after a sudden flare-up of
convection within the cloud system. Almost
immediately the central convection fell apart as
the poleward edge of the cirrus outflow
flattened, restricted by the amplification of a
mid-latitude trough to the north. Cancellation
of the first TCFA on the monsoon depression
area followed at 0308002 (Figure 3-14-1). The
arrested development of the monsoon

F@uv 3-14-I. A broadbandqfchdiness associztdwitli diesouthwestmonsoonextenu2
eustuxurfacrossdieeentdPhifappke Islhm.&(030653ZSeptern$er~0-$lJ?vkdimagey).
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y@re 3-14-2. 7he 200 nd analysisat 040000Z Septemberrevedd a wind speed w.mum acrosssouthuwtem -
Japan.

88



j%jure3-14-3. DU to nartfiedyfb @t, convectionassociatedm“thth &w-&velcircu&2tiun
centerwasCOnfindtothesouthm semicidi (040642ZSeptember@U rnkuzfimqenj.

depression appears to be related to the
movement of an upper-level wind maximum
across the island of Kyushu, Japan. This
resulted in an increase in northerly flow over
the northern Philippine Sea (Figure 3-14-2).
This increased upper-level wind shear was
responsible for delaying Gerald’s development
beyond the monsoon depression stage.

At 040600Z, synoptic data obtained
from drifting buoy and ship reports indicated
the MSLP had dropped to 1003 mb with 25 to
30 kt (13 to 15 m/see) winds near the circulation
center. Satellite imagery also showed an
exposed low-level circulation W* displaced
slightly to the north of a single major
convective band (Figure 3-14-3). These data

prompted the issuance of a second TCFA at
041000Z. The first warning on Tropical
Depression 14W followed at 041800Z,
supported by a Dvorak intensity estimate of 30
kt (15 rn/see) and a drifting buoy report of a
1001 mb that revealed falling surface pressures.

Since Gerald was a shallow low-level
circulation in an active monsoonal trough, its
movement was erratic and difficult to forecast.
During the period 040000Z to 071800Z, the
primary numerical aid, the One-Way Interactive
Tropical Cyclone Model (OTCM), was used by
JTWC to forecast movement.

JTWC forecast Typhoon Gerald would
slowly recurve to the east of Taiwan, however,
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j@re 3-14-4. Typhoon(jenu!.ifatma@numintewity. % lh~e eyeis apprtimatdy 60 nm (111 km)in tlhneter.
%r toSeptem6er,h 1987 seasonwas churactdzed by an unusua$nunderof ●midjet’ tropuaJcycL&tJ. Tilioon
$%A (13W),wkich do has an eye,isLxatedappro$matefj 1000 nm (1852 km)mt-southt qf @~@821~lz
Septender!2MWPenhncedin$zwedimqgey).

northwestward movement up the monsoonal
trough began on the 7th, as did acceleration and
intensification. The 0818002 warning signalled
a major change in the expected movement of
Typhoon Gerald. The forecast indicated Gerald
would pass through the Luzon Strait and make
landfall on the southeast coast of mainland
China.

Typhoon Gerald, with a large. classic
eye 60 nm (111 km) in diameter, reached its
maximum intensity of 105 kt (54 m/see) at
0818002 (Figure 3-14-4). Later, Gerald skirted
the southwest coast of Taiwan (Figure 3-14-5).
The mountainous terrain reduced low-level
inflow and Gerald began to weaken (Figure 3-
14-6). Gerald continued to weaken over the
Formosa Straits and made landfall on the China

coast 50 nm (93 km) east-northeast of Amoy, a
city about 245 nm (454 km) east-northeast of
Hong Kong. The remnants of Gerald dissipated
over land and were no longer apparent on either
satellite imagery or synoptic data after
11000OZ.

Typhoon Gerald caused extensive
damage to Taiwan and China. In Taiwan, five
people died and over $10 million in damage
was caused by heavy rain and flooding. Up to
16 inches (41 cm) of rain was reported in parts
of the Zhejiang Province, China (south of
Beijing). Flooding inundated more than 1,950 -
square miles (505,440 hectares) of farmland,
causing widespread damage to crops valued at
$121 million. The Chinese death toll from
Typhoon Gerald was 122.
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!T@re 3-14-5. Ruihr presentationof die
concentricrainbanh K ‘i?jphon (jeraid as
seen fron !k.dien, Taiwan (WO 46699]
at 090200Z Septem.6er(Pkotopph wurtesy
of Central Weather !Bureau, ‘Taipei,
Taiwan).
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SUPER TYPHOON HOLLY (15W)

In early September the active
monsoonal trough spawned a three tropical
cyclone outbreak. Super Typhoon Holly was
one of the three. Typhoons Freda (13W) and
Gerald (14W) were first warned on at 0418002
September, with Holly following 12-hours later.
As these three systems matured, the monsoon
trough became displaced well to the north of its
“normal” location (see Figures 3-15-1 and 3-15-
2). In fact, by the 1lth of September, Holly,
Typhoon Freda (13W) and the remains of
Typhoon Gerald (14W) were all north of 15
degrees North Latitude as an anticyclonic
circulation developed in low-latitudes just north
of the island of Pohnpei in the eastern Caroline
Islands. This anomalous low-latitude high
pressure suppressed additional cyclogenesis for

the next four days (see Figure 3-15-3).
Monsoonal troughing began to reappear on the
1712002 surface/gradient-level streamline
analysis and was firmly re-established a day and
a half later.

Holly began as a westward-moving area
of persistent, but weakly organized, convection
at the eastern end of the monsoon trough 560
nm (1037 km) east-northeast of Kwajalein and
was first mentioned on the Significant Tropical
Weather Advisory (ABPW PGTW) at O1O6OOZ.
As Holly developed over the next three days,
satellite reconnaissance intensity estimates
(Dvorak, 1984) of maximum sustained surface
winds indicated an increase from 25 kt (13
dsec) to 30 kt (15 m/see). Vertical wind shew

F&ure 3-15-1. ~dknt-&velm”dAmtoh~ f~September L5@m et UL1987).
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Tiflure3-15-2. ~ow-bvel troqghhg is shuwn on thk su~hce&adient -levelstreamfiruanalysisfrom
l;OOOOZSeptember wefl north-of k c{imutologicdposition (see !Figure3-15-1) AZ to the combined
inf[uence5qfliihoons !FreA (137+’)a~ticyj ati t~ re~ns qf’?jp~on Ger~ (14’74?).

!F@re3-15-3. !?&ijing,shown m a bandofanticycbnes on this sur@e/jwdient-level anafiyszk
fw 161200Z Septem6era%elbpedin hztitunksno~y ~ected toshow monsoontdtrou@iiw.
Gis appears to have been a Ley element in the suppression~further i&AztituAe tropicaf
cyctimugentsisthroqh the19th.
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over the system remained low (not more than 10
kt (5 m/see)), favoring development.
Surface/gradient-level streamline analysis at
040000Z showed moderate low-level cross-
equatorial flow from the south into the
disturbance. This was apparent from the
southwesterly gradient-level winds at Truk
(WMO 91334) and Pohnpei (WMO 91348) at
040000Z. Minimum sea-level pressures were
1006 mb in Holly with the mean environmental
pressures near 1009 mb. This combination,
together with indications that the deepest
convection was consolidating about the low-
level circulation center, supported the issuance
of a Tropical Cyclone Formation Alert at
041930Z.

The first warning on Tropical
Depression 15W followed at 050600Z. At that
time, the maximum sustained surface winds
were 30 kt (15 rn/see), with a forecast increase
to 35 kt (18 m/see) the next day. Satellite
imagery on the 5th showed favorable upper-
level outflow and a ragged central convective
mass about 2 1/2 degrees in diameter (Figure 3- .
15-4). Associated convective bands southwest
and east of the center implied a large-scale
circulation and little competition for energy
from Typhoon Freda (13W) to the west. As a
consequence, Holly developed from 30 kt (15
m/see) at the time of the fiist warning to 90 kt
(46 m/see) at the time of the ninth warning at
070600Z.

Y@we 3-15-6. ‘Z?iesu6tropicafremnimoftioffy(162227ZSeptem6erWd@ visudimqge~).
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Holly’s track abruptly changed from
northwestward to northward at a position
approximately 720 nm (1333 km) northeast of
Guam. A maximum intensity of 140 kt (72
rrdsec) was reached at 091200Z (Figure 3-15-5).
Sparse upper-air and synoptic data did not
clearly show a specific weakness in the
subtropical ridge to the north of Holly. As a
result, the early forecast tracks called for west-
northwestward or westward movement.
However, the relative movement and
displacement of the monsoonal trough and the
weakness of the subtropical ridge appear to
have caused Holly’s northward movement. (By
the 10th, Typhoon Freda (13W) was about 950
nm (1759 km) to the west-southwest and

drifting slowly west-northwestward. No binary
interaction was apparent between Holly and
Typhoon Freda (13W).) With no strong mid-
latitude systems approaching to provide
stronger westerly or southwesterly steering
flow, Holly (along with Typhoon Freda (13W))
drifted slowly northward in the active monsoon
trough and weakened. Holly acquired
subtropical characteristics after 140300Z, and
retained 45 kt (23 m/see) maximum sustained
surface winds. Its remnants could still be
located on satellite imagery through the 17th
(Figure 3-16-6), with the final satellite fix
obtained at 170600Z. No Rports of darnage or
loss of life were attributed to Holly during its
lifetime.
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TYPHOON

Typhoon Ian was the fourth of seven
tropical cyclones to occur in the western North
Pacific during September. Ian developed into a
significant tropical cyclone six days after the
second three-storm warning situation of the year
involving Typhoons Freda ( 13W), Gerald
(14W) and Super Typhoon Holly (15W) had
ended on September 17th. Thirty-six hours
after the first warning on Ian, it was joined by
Tropical Depression 17W, which brought to
seven the number of periods during 1987 that
JTWC was warning on at least two systems at
the same time. Even though, Tropical
Depression 17W was a very short-lived system,
Hurricane Peke (02 C), which crossed the
dateline (becoming Typhoon Peke (02C)), and
Tropical Storm June (18W) soon took its place.
This gave rise to the third three-storm warning
situation of the year and the second to occur
during September.

Forecasts verified extremely well on
Typhoon Ian. The forecast track error statistics
for W three verification times (i.e., 24-,48- and
72-hours) were significantly less than the five-
year average (see Chapter V, Tables 5-1A
through 5-2B), though the 72-hour forecast
error of 344 nm (637 km) exceeded the 1987

IAN (16W)

average. The reason for the poor 72-hour
forecast errors was the unexpected slower
movement of Ian between 2706002 and
2900002 when the system became nea.dy quasi-
stationary while tracking generally toward the
northwest. If this abnormal behavior had not
occurred, JTWC’S statistics on Ian would have
been outstanding.

Ian began as a broad, poorly organized
tropical disturbance 330 nm (611 km) to the
east-northeast of Guam. Satellite analysts from
Detachment 1, 1st Weather Wing (Det 1, lWW)
alerted the Typhoon Duty Officer to the
presence of a persistent area of convection
showing improved upper-level outflow. This
was in the region where the monsoonal trough
was attempting to become re-established after
being disrupted by the previous three-storm
situation. On 21 September at 06002, JTWC
added the disturbance to its Significant Tropical
Weather Advisory (ABPW PGTW) and listed
its potential for development as poor due to the
relatively high minimum sea-level pressures
(MSLPS) evident in the trough at that time.
Within 24-hours, the MSLPS decreased by 2 mb
and the wind speeds increased another 5 kt (3
rdsec) to 25 kt (13 rdsec) (see Figure 3-16-1).

Figure 3-16-1. Ian, as a tropisddiiturbancewith25 ~t (13 m@c) maxjmumsus~”nedwin.&
at& surjii (220007ZScptem$er!DM$Pznkdinqgenj).
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F@re 3-16-2. Curvature is evident in the
convective cloud lines just prior to JTWC
tisuin. a TropicalCyc&nae$%rmationALwtat
2301302 (2223462 September D%&i? visu.d
iqey).

Ian continued its slow-paced devel-
opment. Early on the 23rd, satellite imagery
(see Figure 3-16-2) showed further inten-
sification had taken place. Curvature became
evident in the low-level cloud lines. Satellite
intensity analysis (Dvorak, 1984) of imagery at
222346Z estimated 30 kt (15 m/see) winds at
the surface associated with this disturbance.
JTWC promptly issued a Tropical Cyclone
Formation Alert at 230130Z for the Mariana
Islands north of Guam.

JTWC issued the fmt warning on Ian (as
Tropical Depression 16W) at 2306002, with an
intensity of 25 kt (13 m/see) and gusts to 35 kt

F@re 3-16-3. TyphoonIan appro~matelj 12-
hours before reaching its nuq-jmuminten5ity~
110 ~t (57 m/see). 9@e the small circu.lizreye
and compactcentral dense overcast (2511462
SeptemberDM$P enlianceffinj%redimqeq).

(18 m/see), based on spiral bands of convection
which became visible on visual and infrared
satellite imagery. The system was upgraded to
Tropical Storm Ian (16W) on the third warning
(231800Z) as it progressed slowly westward
into an area of low vertical wind shear.

At about that time, Ian began to develop at
slightly greater than the normal Dvorak rate of
one “T-number” per day. Wind speeds .
increased from 35 kt (18 rn.kec) at 231800Z to
60 kt (31 rn/see) at 241800Z. Midway through
this period, Ian turned from its westward course
and began to move toward the northwest. Five
radar fixes were obtained from Andersen Air
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a = 28/OOOOZ
b= 29/OOOOZ
c = 30/00002
d= 01/00002

I e = 02/OOOOZ

Tzjyre3-16-4. !Hbt4 thesfightbinaryinteractionbetweenIan aruf~une(18W)showing
theirin.&ividu.dtnz~s and th path@ i% midpoints.

Force Base on Guam during this same time
period. The center positions were based on the
convective banding features. No eye feature
was apparent on radar for any of the fixes.

Between 2418002 and 2500002, Ian reached
typhoon intensity as it moved steadily toward
the northwest at 7 M (13 km/hr). It intensified
at a rate of 10 kt (5 m/see) per six-hour interval
(i.e., between warning times) from 2418002
through 2600002 (Figure 3-16-3). Note the
small circular eye and the compact nature of the
deepest convection. Ian reached its maximum
intensity of 110 kt (57 m/see) at 2600002. It

was during this time of steady intensification
that Tropical Depression 17W developed and
then dissipated to the east of Ian. No binary
interaction was apparent between them. A
steady, slow decline followed. Twenty-four
hours after Tropical Depression 17W had
dissipated Ian slowed dramatically in forward
speed as it approached a mid-latitude front lying
just to the east of the Ryukyu Islands. Ian
inched slowly northward between the times of
2706002 and 2900002 at a rate of less than 2 kt
(4 km/hr). Its deep central convection
decreased significantly. The movement of a
mid-latitude shortwave north of Ian appeared to
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have suppressed it. Once this shortwave moved
off toward the east on the 29th, Ian’s upper-level
outflow became aligned with the jet stream
(which was above the lower level front) and the
system began recurving south of Japan.

Meanwhile Tropical Storm June (18W),
which began its development on the 28th, was
moving rapidly northwestward at 18 to 20 kt
(33 to 37 krn/hr). Ian and June (18W) were
close to one another at this stage (within 400 nm
(741 km)) and eventually underwent a slight
binary interaction between 300000Z September
and 020000Z October. In Figure 3-16-4, the
midway point is plotted for the times the two
systems coexisted. Figure 3-16-5 shows a plot
of the relative movement of each system with
respect to the centroid position. As Ian and
June (18W) moved northeastward and dis-
sipated, the separation between their tracks
decreased.

km continued to slowly weaken as this
interaction took place, however JTWC
forecasters and the Det 1, 1WW satellite
analysts misread the changes to Ian on satellite
imagery. Dvorak analysis at O1O6OOZOctober
estimated Ian’s intensity at 30 kt (15 rn/see),
which supported a final warning and a
downgrade to tropical depression intensity.
Post-analysis indicates that Ian most probably
transitioned to a subtropical system (rather than
extratropical since the subtropical ridge was
located to the north of Ian) and still had 55 kt
(28 m/see) winds at the time of the final
warning.

The remnants of Ian continued to move
northeastward after it transitioned to subtropical
and finally dissipated 1200 nm (2222 km) to the
east of Japan on the 4th of October. No damage
or deaths were attributed to Ian.
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TROPICAL DEPRESSION 17W

Figuw3-17-1. TropicdBepr&un 17’Wsl&u@akzbpedfiom a tropi.cafdkurbance250 nm (463 km)northtfthe
Marshal Isliuza$durirg the same periodJ5?WCwas warningon TyphoonIan (16W). It wasfirst dkcted on
satellitei~ey on the 23rif of Septemberand mentionedon theS@zijLmnt%opi.cd WeatherMvkny (AIBLP_W
!F’@!’7@as a m.?wsuspectareaat 0600Z. mC timed a TropicalCyc&e FormationXl&t nearly24-houmlhterat
240330Z when & systemdkpGzyedinmwsedconvective or-an.ization.M..”mum sustainedsu@ce win&, at thut
time,were estimatedat 15 & 25& (8 to 13 m/see). % first warningon TropicalDepression17W was kwd at
241800Z basedon satelfiteintensityestimate(Dvo& 1984) of 35 @ (18 m/see)w“d at the su@z. A weK
establishedmid%wel@e waslbcatedto tb northeastof Z’ropicd!Depression17’W. At thesand time,an eastward-
pro~sing, mid-hatituditrou@ tothenorthwas bep”nni~toinflutwe thesystem. This trou~h continued to
suppressTropical Depresswn 17WS devehpnunt even after it had passed to the norttkst 4 the dtiturbance.
Concurrent~,TyphoonIan> (16Tt?)upper-kvelou@.&u(at the&ftof theimage)restitzdTiopicdZ3epression 1?’W’s
ouif.lbwin the northwestquudrant. % combinationoffatars appearstohavestoppedfurther intensificationand
indiid dksipationoverwater. 5% bst wam”ngwasissuedon the26th ofSeptem6erat 06002. ‘Ihesateii%teinqqe
abme shows%-opicdDepresswn17W shortCybeforethe secondwami~ was kwd, wh.i&it was at its nuwjmum
intensity830 & (15 m/see)and960 nm (1778 ~m)east-southeast~Tihoon Ian (16W). A pa&y e~osed linv-
&ve[circu&ztionk Visibksl~htlijwestof theheaviestconvection(242305ZSeptendierD!M$Pvisuali~ey).
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TYPHOON PEKE (02C)

Typhoon Peke (02C) was the first
hurricane during the past twenty years (since
Typhoon Sara (28) in September 1967) to form
in the central North Pacific and cross the date-
line. Peke was the only significant tropical
cyclone to cross the dateline north of the
equator this year. The first twenty-five
advisories were issued by the Central Pacific
Hurricane Center (CPHC) in Honolulu, Hawaii
(the Naval Western Oceanography Center at
Pearl Harbor, Hawaii issued the corresponding
warnings for the Department of Defense
customers). The final twenty-three warnings
were issued by JTWC.

Peke began as a broad area of
convection about 480 nm (889 km) to the south-
southeast of Johnston Island in the west central
North Pacific on the 20th of September. The
system tracked toward the west and increased in
convection and organization over the next 24-
hours. The upper-level outflow was initially
restricted by an upper-level trough to the north
of the system. The fiist advisory on Tropical
Depression 02C was issued by CPHC at
21 1800Z. Satellite imagery indicated a low-
level cyclonic circulation with spiral banding.
This developed after the tropical cyclone had
moved toward the west past the restricting
influence of the upper-level trough to the north.

Over the next 18-hours, the amount of
convection continued to increase. Upper-level
outflow was unrestricted to the south and was
becoming less restricted to the north, prompting
the upgrade to Tropical Storm Peke (02C).
During this time, Peke changed its track from
westward to northwestward in response to a
mid-level weakness in the subtropical ridge. It
continued to intensify at a normal rate (Dvorak,
1984) and began to track more toward the north.
CPHC upgraded the system to Hurricane Peke
(02C) at 231800Z based on the formation of a
banding-type eye, but Dvorak intensity post-
analysis indicated that the system most probably
did not reach hurricane intensity for another 6-
to 12-hours. Peke continued to intensify and
reached a first peak, of 85 kt (44 rdsec), at
250000Z.

Peke continued moving northward until
270600Z. After which time, it tracked toward
the west-northwest in response to the strong
mid-level flow around the subtropical ridge
lying to the north of the system. CPHC issued
their last advisory on Hurricane Peke (02C) at
271800Z September. It was approximately 30
nm (56 km) to the east of the dateline when
JTWC issued its first warning (warning number
26) and redesignated the system as Typhoon
Peke (02C) at 280000Z. Peke crossed the
dateline at 280600Z. After having maintained a
steady 75 kt (39 m/see) intensity for over 36-
hours, it began to re-intensify. Peke reached its
second peak intensity (of 100 kt (51 m/see))
between 290600Z and 291200Z, as upper-level
outflow to the north improve&

Shortly afterward, JTWC was issuing
warnings on three western North Pacific
systems. Typhoon Ian (16W) was over 2000
nm (3704 km) to the west, and having little
effect directly on Peke. About 1000 nm (1852
km) to the west of Peke, Tropical Storm June
(18W) was beginning to organize (Figure 3-
02C-1). Peke, together with Typhoon Ian
(16W) and Tropical Storm June (18W),
modified the environment and forced the
subtropical ridge axis even further north to
beyond 35 degrees North Latitude.

Earlier, as Peke crossed the dateline, it
accelerated over a 48-hour period from near 7 kt
(13 km/hr) forward speed to about 16 kt (30
km/hr). At that time, Peke began to entrain
drier air into its central region. Satellite
imagery at 291800Z indicated that a banding
eye was present instead of an eye within a
central dense overcast. Peke maintained its
intensity and was still at 100 kt (51 m/see) at
301200Z, when the system began to decelerate.
At that time, recurvature was forecast along
with rapid weakening due to strong westerly
flow aloft. Peke became nearly quasi-stationary
at 010600Z October, prior to recurvature.
Within six hours, Peke was recurving toward
the north-northeast and had steadily weakened
fkom 100 kt (51 m/see) at 301200Z September
to 75 kt (39 rnkz) at011200Z October. Over
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Fipv 3-02C-1. Typkn Pe& (02C) wit%TropicafStonn June (18W) to & wat (302243Z Septetn6er‘DM$P
in.fiimqgey).
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the next day, Peke weakened even more, to 55 issued by JTWC at 03 1200Z. The nmmants of
kt (28 m/see), but instead of tracking toward the Peke moved erratically over the next the and
north-northeast, the low-level drifted toward the one half days in response to weak steering flow,
southeast, while the upper-level tracked toward first tracking toward the east, then toward the
the south-southeast in response to weak steering northwest and finally back toward the southeast
flow and increasing vertical wind shear. The until it could no longer be identii%d on satellite
last warning on Tropical Depression 02C was imagery.
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TROPICAL STORM JUNE (18W)
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TYPHOON

Typhoon Kelly was the first of two
significant tropical cyclones to develop during
the month of October. It moved steadily on a
northward track, reaching its maximum
intensity at the point of recurvature near 28
degrees North Latitude. Kelly made landfall on
the Japanese island of Shikoku about 100 nm
(185 km) southwest of Osaka with typhoon-
force winds, then crossed west central Honshu,
the main Japanese island, before moving into
the Sea of Japan.

After an outbreak of three tropical
cyclones in early September, an aclimatological
surface ridge developed in the low latitudes
which proved to be unfavorable for tropical
cyclones genesis for about six days. A similar
occurrence took place during the first week of
October with Typhoon Ian ( 16W), Tropical
Storm June (18W) and Typhoon Peke (02C).
The strong surface ridge was the primary
synoptic feiiture in an are{ normally
dominated by the monsoon trough.
The existence of a low-latitude
ridge during the height of the
tropical cyclone season appeared to
be a readjustment mechanism for
the unusual northward displacement
of the active monsoon trough to 25
degrees North Latitude associated
with both multiple-storm outbreaks.

On 6 October cross-
equatonal flow returned to the low
latitudes from the southern
Philippine Islands to the area south
of the island of Pohnpei in the
eastern Caroline Islands, allowing
the monsoonal trough to re-
establish itself along 5 degrees
North Latitude. Moonlight visual
satellite imagery on 7 October indi-
cated a circulation was developing
190 nm (352 km) south of the island
of Yap (Figure 3-19-1). The
071400Z Significant Tropical
Weather Advlso~ (ABPW PGTW)
mentioned the area and classified its
potential for development into a

KELLY (19W)

estimate (Dvorak, 1984) of 25 kt (13 m/see)
surface winds and supporting synoptic data.

Over the next 36-hours, the surface
pressures at Yap and Koror (WMO 91408) were
closely monitored for indications of possible
development. Surface pressures at Yap dropped
1.5 mb per day, reaching a minimum of 1005
mb at 090600Z (see Figure 3-19-2).

Visual satellite imagery on 8 October
indicated the low-level circulation center was
displaced approximately 200 nm (370 km)
south of the main convective band. As a result,
satellite fixes at night, based only on infrared
imagery, were unable to accurately locate the
low-level center through the high cirrus shield.

A Tropical Cyclone Formation Alert
was issued on the tropical disturbance at
090330Z, based on increased cirrus outflow and

significant tropical ciclone as fair, Y@~ 3-19-1. Moonf@htvisualinu+geysWqg Tihoon !&el@at an
b&ed on an ir&ial sa~ellite intensity ewfys~e ofdwefbpnent (0712432 Octo6er!D!%L$~~-~imqgey~
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persistent convection around the exposed low-
level circulation center. Satellite imagery over
the next 24-hours showed a steady increase in
the amount of convection within the cloud
system. The first warning on Tropical
Depression 19W was issued at 1000OOZ,
supported by a satellite intensity estimate of 30
kt (15 m/see). At the time of the first warning,
the low-level center was still located about 60
nm (111 km) west of the dense convection (see
Figure 3-19-3).

A 35 kt (18 dsec) ship report 30 nm
(56 km) north-northwest of the circulation
center at 1012OOZsupported the earlier upgrade
to tropical storm and previous satellite estimates
that Kelly had attained tropical storm intensity.
The low-level center position remained 95 nm
(176 km) southwest of the upper-level
circulation center at that time. This separation
between the low- and upper-level positions

Typhoon Kelly weakened only slightly
as it began to assume extratropical
characteristics on the 16th. Synoptic reports
indicated Kelly did not dissipate as rapidly as
implied from satellite imagery. Upper-air
reports at Shiono, Japan (WMO 47778)
revealed that Kelly still packed winds of 95 kt
(49 m/see) at the 850 mb level at 161200Z.

Eventually, Typhoon Kelly made
landfall on the southern coast of the island of
Shikoku. At least 13,000 homes were flooded
and another 30 were badly damaged by
mudslides triggered by as much as 20 inches
(51 cm) of rain. Wind gusts were reported as
high as 120 kt (62 m/see) as typhoon-force
winds battered southern Japan. At least eight
people we~ killed.

mcurvature at 151200Z (Figure 3-19-4).

By that time, Typhoon Kelly posed a
serious threat to Japan. As it began to slow its
forward speed and recurve near the 28th
parallel, the forecast question was whether the
system would continue to track northward
across Japan or recurve south of Japan.
Synoptic data at 1500002 indicated the upper-
level westerly winds south of Japan were nearly
zonal, which would tend to steer Kelly toward
the east-northeast, favoring the south of Honshu
scenario. This reasoning prevailed and
recurvature south of Japan was forecast. By
160000Z however, a mid-level long-wave
trough, anchored near the Yellow Sea, deepened
as an intense short wave came in phase with the
trough axis. Consequently, the steering flow
ahead of the trough shifted from westerly to
south-southwesterly and Kelly continued its
course across Japan instead of recurving sharply
northeastward.

Figure 3-19-4. ‘li@uon ~eU.j appro@tute~ twelve
liourspriorto itsreacliin.iti m&imwnintensityof95&
(49 m~ec)(150042Z 0c@ber2ML$Pvkudimagey).

resulted in initial position relocations on the
1012OOZand 1018OOZwarnings.

Once the low- and upper-level centers
became aligned on the 1lth, Kelly slowly inten-
sified. Minimal typhoon intensity of 65 kt (33
mkc) WaSreached at 1200002. Kelly’s inten-
sity peaked at 95 kt (49 m/see) near the point of

After crossing the islands of Shikoku
and Honshu, Kelly moved offshore and became
extratropical over the Sea of Japan. Later,
Misawa Air Base (WMO 47580), located near
the northern tip of Honshu, reported maximum
surface winds of 32 kt (16 rdsec) and a surface
pressure of 985 mb as the extratropical low
passed between the islands of Honshu and
Hokkaido at 171200Z. The residual circulation
of Typhoon Kelly was no longer visible on
satellite imagery after 180300Z.
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SUPER TYPHOON LYNN (20W)

Super Typhoon Lynn was the third
tropical cyclone of 1987 to produce maximum
sustained surface winds of 140 kt (72 m/see)
with gusts to 170 kt (87 m/see) and the second
to attain an estimated minimum sea-level
pressure (MSLP) of 898 mb (only Super
Typhoons Betty (09W) and Nina (22W) were
lower with a MSLP of 891 rob). It was also the
fifth super typhoon of the year. Lynn, during its
latter stages, also had a devastating impact on
Taiwan and caused some concern in the Hong
Kong area, as well.

Lynn began as a broad, poorly
organized area of convection in the monsoon
trough about 200 nm (370 km) north-northeast
of Kwajalein Atoll in the Marshall Islands.
After the convection had persisted for 24-hours,
it was added as a new suspect area to the
Significant Tropical Weather Advisory (ABPW

PGTW) at 150600Z. Maximum sustained
surface winds we~ estimated at 15 to 20 kt (8
to 10 rn/see); the MSLP was estimated to be
1008 mb. Over the next 18-hours, upper-level
outflow and the amount of convection inc~ased
significantly as the MSLP decreased to 1001
mb. For these reasons, a Tropical Cyclone
Formation Alert was issued at 1600302, when
the system was located about 360 nm (667 km)
north-northwest of the island of Pohnpei in the
eastern Caroline Islands. Six hours later at
1606002, the fust warning on Tropical Storm
Lynn (20W) was issued, based on the satellite
intensity estimate (Dvorak, 1984) of 35 kt (18
III/w).until1718002, Lynn had been moving
toward the west along the southern periphery of
the subtropical ridge. Before reaching tropical
storm intensity, Lynn had been moving at
speeds in excess of 20 kt (37 km/hr). But as it
began to intensify, it decelerated. By 1612002,

!Fiiute3-20-1. %pkdStorm Lynn (2~, slbrtlij befm being up+ to typhoonintensity
(180528Z October~OM uisudinuzgery).
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Lynn was moving at a speed of only 6 kt (11
km/hr). At 180600Z, it was upgraded to
typhoon status when visual and infrared satellite
imagery, plus radar observations from Andersen
Air Force Base on Guam, indicated Lynn had
formed an eye 20 nm (37 km) in diameter (see
Figure 3-20-1). Satellite analysis at that time
estimated Lynn’s intensity at 65 kt (33 rn/see).
(Post-analysis on the system indicated that Lynn
was most probably a typhoon at 180000Z.)

As it intensified, Typhoon Lynn was
starting to track toward the west-northwest,
away from Guam towards the island of Saipan.
Consequently, JTWC amended its 180600Z
warning which had forecast a more westward
track. At 181200Z, Typhoon Lynn made its
closest point of approach (CPA) to Guam when
it tracked 75 nm (139 km) to the northeast of
the island. Maximum sustained surface winds
recorded on the island were 36 kt (19 m/see)
with a peak gust of 57 kt (29 rn/see) at Agana
(WMO 91212). A maximum rainfall
accumulation of 6.08 inches (154.4 mm) was
recorded at Andersen Air Force Base (WMO
91218).

Lynn’s approach had a profound effect
on the island of Guam. Apra Harbor on the
west side of Guam was closed after four U.S.

Navy ships sortied to open waters. Military
airihelds evacuated aircraft and secured some
aircraft in hangars. All commercial flights to
and from Guam were cancelled on 18 October.
Most villages on Guam reported flooding in
low-lying areas, broken windows, and power
and water outages. The power outages were
caused mainly by the high winds which
knocked vegetation onto power lines, and
required several days for Guam Power
Authority to repair. Perhaps the most serious
damage from Typhoon Lynn was to local
agriculture.

At 181500Z, Lynn made its CPA to the
island of Tinian - 15 nm (28 km) southwest of
the island. The automatic weather station
observations at Rota, 53 nm (98 km) south-
southwest of Tinian, and at Saipan, 5 nm (9 km)
to the northeast of Tinian, for 181500Z and
181600Z recorded Lynn’s passage(see Figure 3-
20-2). Maximum sustained surface winds of 45
kt (23 m/see), with a peak gust of 65 kt (33
m/see) were recorded on Saipan. All
commercial airline flights to and from Saipan
were cancelled. Schools and government
offices on Saipan were closed on 19 and 20
October. The islands of Saipan and Rota both
experienced island-wide power outages on the
evening of 18 October.
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Figure 3-20-3. Super Tihoon Lynn at itstna@nwnintensiq of140 h (72 mhec) (192240Z 0cto6er
NOYL% visuafimagenj.

Once past the Marianas, Lynn
intensifkd rapidly from 80 kt (41 rrdsec) to its
peak intensity of 140 kt (72 m/see), reaching
super typhoon intensity (130 kt or 67 m/see)
shortly after 191800Z. Super Typhoon Lynn
maintained its 140 kt (72 m/see) intensity
(Figure 3-20-3) until 21OOOOZ.

As Lynn began weakening after
210000z its track became westerly. Prior to
that time, the forecast track had been west-
northwesterly to northwesterly. Numerical
guidance provided by the One-Way Interactive
Tropical Cyclone Model (OTCM) appeared to
be accurate. The 2106OOZwarning echoed this
guidance, however Lynn persisted on its
westward track. A closer look at the lower-
tropospheric and deep-layer mean flow fields
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north of the typhoon provided a clue as to why
Lynn was not behaving as expected. Because of
Lynn’s synoptic size cyclonic circulation, the
inte~ated effect on the low- and mid-level
steering flow was to eliminate the narrow
subtropical ridge. Perhaps, OTCM interpreted
the large-scale storm-induced circulation as
being the synoptic steering flow and therefore,
did not detect the narrow subtropical ridge. In
contrast, Lynn was large enough to be resolved
by the Navy Operational Global Atmospheric
Prediction System (NOGAPS) and European
Center for Medium-Range Weather Forecasting
(ECMWF) numerical models, which in turn
provided more accurate forecast guidance. The
next warning (number 22 at 2112002) put the
forecast back “on track” and OTCM became the
less-favored alternate scenario.



A close encounter by a merchant vessel
on 22 October provided testimony to the fury of
the typhoon. Excerpts from the ship’s log
include:

“Sea and swell were of height and
steepness that we couldn’t turn around
anymore ... Seas are approximately 2
112 times the bridge height and
breaking all around us. At 1000 we
recorded the lowest barometric
pressure of 969 HPA”, (approximately
75 nm (139 km) from the center of
Typhoon Lynn, at that time). “During
passage of “Lynn” visibility was
reduced to 000.0 mtr. Wind above
comprehension ... our ears on the
bridge were popping due to pressure
change with pitching of vessel.”

At 240000Z, Lynn was tracking through
the Luzon Strait, moving toward the northwest.
From 24 through 26 October, it devastated
portions of Taiwan (l?igure 3-20-4). The island
received high winds because of the strong
pressure gradient between Lynn’s low central
pressure and the large high pressure area over
mainland China. These high winds, caused .
rapid orographic lifting along the steep
mountains of Taiwan, producing torrential
precipitation. Although the center of Lynn
passed 110 nm (204 km) to the southwest of
Taiwan, it produced heavy weather over the
northernmost parts of the island. News services
reported 68 inches (173 cm) of rainfall on the
capital city of Taipei from 24 to 26 October! In
Taipei, torrential rainshowers caused landslides
that smashed houses and killed 14 people. Over
2,200 people were stranded by floodwaters from

Ft@tv 3-20-4. Th@cdStorm Lynn dting its napi.dwea&ning phsc (250013Z Octiber 9@W
visudimqqenj.
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the Keelung River in Taipei making travel
impossible. The Central Weather Bureau in
Taipei reported 84 kt (43 rn/see) maximum
sustained surface winds on 24 October and 61
kt (31 m/see) maximum sustained surface winds
on 25 October. The port city of Keelung
reported over five million dollars worth of
damage from Lynn. Lynn created 20 ft (6.1
meter) high waves at Hengchun on the extreme
southern tip of Taiwan and nine children were
swept away. The result of Lynn’s passage was
Taiwan’s worst flooding in 40 years; 42 people
penshed and 18 were reported missing.

Visual and infrared satellite imagery at
260300Z, indicated that Lynn was being
sheared apart. Subsequent satellite imagery
showed the low-level circulation center moving

toward the west-southwest away from the
convective mass. At 270000Z, the final
warning was issued on Tropical Depression
20W (Lynn). Although the tropical cyclone had
lost its central convection, the remaining low-
level circulation center still had an impact on
the Hong Kong area. The wind speeds and
precipitation amounts the Hong Kong area
received were higher than expected. The strong
pressure gradient between the residual low
offshore and the high over mainland China
fostered gales along the south coast. The Hong
Kong (WMO 45005) 2800002 upper-air
sounding revealed maximum winds of 55 kt (28
m/sec) from the east-southeast, at 900 and 850
mb. The low tracked south of Hong Kong, into
the Pearl River Estuary and eventually
dissipated over land.
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TROPICAL STORM MAURY (21W)

F@re 3-21-1. TropicdWnn Mauy wasa Axive(y weak butpersistent,trtpicafcyche thattmcl@westward
acrossthe Philippine and South ChinaSe&. It was thefirst of threesignifuant tropuaf cyclbnestoformin
@vender and the second systemof the year to regemmateover water. Tropti Storm Maury fd in earfy
9@vem6erin thewestern!?@rth!hcijk near-equatmiaitroI# shut 300 nm (556km)to h southeastof@am. It
wasfirst htected u an area of deep convectionwith a welLakfimd GxW2velcimu!htioncenterbut a poor upper-
Lwd outjlbwand wasjkst mentkmedon thESignificantT@ WkatherXdlnkny (X?W’WP@!W’)at 0706002.
w to unfavondk verticalsheur, the syswn appearedto have a poor chancefmjiu-thr diwel.iqnwntand shuwed
Lkks@ ofintensi@ion over&n@ threeAays YGnvevefithecentrdconvectiondidincnwse, At I1013OZ,a
Tiropica$Cyckme~ormationWivt (TCjEA)was issud % jkst wam”ng on %-opicdDepnxsion21W foliinvedat
1106OOZ,basedupon thepwsenceofa centd&nse ovenxstandsategiti intensityestimata(!llv~ 1984) of30 ~
(15 nL/see). T%p”caJDepmssion21’W ~“ntaiwdiis mganizationand convectionover the way 6- to 9-huws, but
begantoAW andwe-a@, u an eastward-moviqq,lbw-tomid-hveltm~hpwsedto thenorth. At 120000Z, ?lWiC
issudajkl wamitg, but continuedtomonitor& remnantsfmpossibk ~enenation. With h trough.in thepo(ar
westeti dsphacedto theeast, theconvectionin thenvnnantsof%vpica(Depmssion21Wjlia.md-up,prompti~ the
tisuanceof a secondTCFA at 1303302. Xinost immedat-dij,an alibreviatedwarning(thejkst of theym) was
isswd (at 1305302) as the dbudsystem~aincd in orguukation. Overthe ~t 12-houm,the ~entmwd T+
!Depmssiim21W maintainedits mgamkation,but remainedbebw tropkd stormintensity(we a$me imqqe). QIy
131800z, as it approwhedthePhi@pine Id&t.&,TivpicdDepression21Wshoweds@s of bewmingCm oqymti,
as th centd convection&m”nkM. % to TropicalDepression21W crossingthe PhilippineIslk% YIWC
aked itsfonxast phikophyj%nn ‘dkipati~ over &.an#,to ‘nfieneruti” in the South ChinaSm Xs Tropicaf
!Depn@on21Wcntintd theSouth ChinaSea, the&p convectiimincmaseds@ti@ntly. @vom@atWi@ intensity
ana@ik at 1612002 cstimatednu@mumsurfke U&U&of356 (18 ?n@c), prompting~c to upgde fh@-d

Depnwion 21W toTivpicdStorm Maury (21?$7. 94iiy tmc~dwtxtwardacrws theSouth ChinaSeu andnxched
the m@mum intasity of45ti (23 nysec)at 1706002. LateGit ma&lhncff~on thesoutheastcoastof Whnam 25
nm (46 ~m)& qfCam l@th Bay at 190400Z. l%ej?ndwami~ wastiuedat 1906002 as9kuy dissipatedover
W. $@ nqwrtsofsevem&amageor L.&sofCiieWemrweived(131009Z5@mn6er!DMST infrumdimagey).
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SUPER TYPHOON NINA (22W)

Super Typhoon Nina was the most
intense and most destructive tropical cyclone to
develop in the western North Pacific in 1987.
During its track toward the west, it devastated
the Truk Atoll in the eastern Caroline Islands,
decimated the north central Philippine Islands
and then executed a final dramatic loop in the
South China Sea south of Hong Kong. Nina was
the second of three significant tropical cyclones
to develop during November.

Nina developed in low latitudes just
west of the dateline. At 150000Z, satellite
intensity analysis (Dvorak, 1984) estimated a
cloud system center had maximum sustained
surface winds of 25 kt(13 m/see). For two days
this disturbance showed marked diurnal
fluctuations in convection. It was first
mentioned on the 170600Z Significant Tropical
Weather Advisory (ABPW PGTW) as a system
with fair potential to develop into a signiilcant
tropical cyclone. The system displayed good
upper-level outflow and increasing convection
over a broad area.

A Tropical Cyclone Formation Alert
was issued at 190100Z as deep convection
consolidated in the center of the tropical
disturbance. Synoptically, the system appeared
to be well-established in the low levels up to
400 mb (Figure 3-22-1) with 25 to 30 kt (13 to
15 m/see) easterlies aloft. With speed and
directional divergence aloft, Nina continued its
rapid organization. At 191200Z, the first
warning was issued on Tropical Depression
22W. By that time, Nina had formed a curved
band of convection. Satellite imagery (Figure
3-22-2) suggested unrestricted upper-level
outflow over the system, however, the upper-
level rawinsonde reports showed that the
anticyclonic circulation (at 200 mb) was
displaced to the east of the center of cirrus
outflow (Figure 3-22-3).

At the time of the first warning,
working plots of satellite fix positions indicated
Nina was slowing down its west-northwestward
movement. (To the contrary, post-analysis
revealed that Nina did not slow down while
intensifying but actually accelerated slightly.
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!Fi~um3-22-1. tii~hts of the stadard pressure
leveb and swface pressure at Pohnpei (MO
91348), Tiuk (W!MO91334) and ~uam (WO
91217) at 190000Z. At this time,9@na was 230
nm {426km)soutkast of the idhnd of Pohnpei. In
comparisonwith%-u~and(juam, the lbwer&ights
at Pohnpei(74?M091348) at the400mb Gweland
bebw aredue to theapproachi~ tropicdcydime.
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F@LIZ 3-22-2. Satel?heimqey indicatiy improvingqanization in die centra(wnvectionand
good upper-kvel outfl’bwassociatedwith tfie tropical disturbance thut was to become9@a
(191457Z3@vender D!M$PVisuafirnqqey).

This acceleration along the working best track
would greatly affect the forecast movement.
For example, if a cyclone is moving at 2 kt (4
km/hr) faster than forecast, it will travel in 72-
hours an additional 144 nm (267 km).)

Nina continued to intensify and
accelerate. By the time of the second warning
at 191800Z, Nina was upgraded to tropical
storm intensity. More rapid westward move-
ment was supported by upper-level data at
GUtiIII(WMO 91217), Truk (WMO 91334) and
Pohnpei (WMO 91348), which indicated 30 kt
(15 m/see) easterly mid-level flow during this
time (Figure 3-22-4). At 201600Z, Nina passed
40 nm (74 km) south of Moen Island in the
Truk Atoll while moving west-northwestward at
18 kt (33 km/hr). Satellite intensity analysis
estimated winds between 45 and 50 kt (23 to 26
m/see). Maximum winds reported at Moen
Island were 60 kt (31 m/see) with gusts up to 80
kt (41 m/see). (Note: The difference in
intensity may be due to the fact that winds in

the right front quadrant of a tropical cyclone are
a combination of its kinetic energy and the
vector addition of its forward movement.) The
lowest pressure recorded was 987 mb, which
correlates (Atkinson and Holliday, (1977)) to 50
kt (26111/StX).

Nina passed the Truk Atoll during the
early morning hours on the 21st of November.
Civil Action Teams reported that five people
were killed, 38 seriously injured, and most of
the more than 40,000 residents were homeless
and without electrical power. The Truk Atoll
was deckued a federal disaster area in order to
compensate for the $30 to $40 million in
damage to housing, businesses and agriculture.
In addition, U. S. Armed Forces airlifted
supplies into the ravaged islands.

After Nina passed the Truk Atoll, it
slowly decelerated. The rate of intensiilcation
also slowed. Nevertheless, Nina was upgraded
to typhoon intensity at 211200Z. Nina passed
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!@pre 3-22-5. Satel.te itnagey showin~ the well-defined eye of Super ljydioon @na as it approacliedttb
Phi.kipineIslhk (250701Z ~em6er!A@.M visudi~e~).
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Prognostic Reasoning

J2XL llireetio~ Guidance Sm?ed

2600002 WNWfor 36-hrs OTCM & COSMOS Decelerating
then NW

261200z WNW 12- to 18- Break in 400 mb ridges -----
hrs then NW

Alternate
scenario: Recurve in OTCM -----

48- to 72-hrs
,,,e-

2nd alternate
scenario: Move west CSUM -----

2700002 WNW for 48-hrs NE surge interaction, slowly
ECMWF& NORAPS decelerating
& HPAC

Alternate
scenario: West ------ --- ------

2712002 NW then West NE surge, NORAPS & ------
NOGAPS & ECMWF

280000z North for 27-hrs NE surge, 700 & 400 mb ------
then West progs & HPAC

2812002 ENE Strong mid- to Accelerating
upper-level westerly
flow & CSUM

290000z ENE Strong mid- to upper- Accelerating
level southwesterly
flow

‘@m 3-22-7. tibmviutcdwtk !@son@fw the260000Ztkv@290000Z~m6a timepetiod

n-— /4<- 1–-_-\—--L –C.*.. .–s–.3 -e-n.., . , . m----- . . . . . . .

-,

Unm{lllmq nonnortnemanaor ummana
95 nm (176 km) northof Yap at 221OOOZand
221600Z, respectively. Later, on November
25th, an overflying Navy aircraft observed
moderate flood damage to the Ulithi’s
agricultural areas. Twenty percent of the
buildings had mxxiveds tructurald amage. No
damage was reported on Yap.

Nina began to slowly accelerate and
rapidly intensify (Holliday and Thompson,

IYIYJ, aroppmg approximately 4 mb per SIX
hours, as itapproached the PhilippineIsknds.
Beginning at 2412002, Nina began to .
explosively deepen (Holliday and Thompson),
dropping approximately 8 mbper six hours.
Nina displayed a symmetrical eye that was 18 .
nm (33 km) in diameter (Figures 3-22-5 and 3-
22-6). Nina slammed into the southern tip of
Luzon at 2515002 with maximum winds
estimatedat 145 kt(75m/sec)with gusts to175
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fF@re 3-22-8. 2?~~eremebetween the wor@~ andftnd best tmcks as Sh&uzwas

shearedapart6y & str~ suge of thE~heast Monsoon.

kt (90 m/see). At least 687 people perished in
the north central Philippine Islands. As with the
Truk Atoll, Nina struck at night. Philippine
authorities declared a state of emergency for 18
provinces that were battered by Nina. Overall
more than 500,000 people were either rendered
homeless, evacuate~ or lost their sources of
income. Croplands were heavily damaged.
News sources reported that Nina was the most
destructive typhoon to hit the Philippine Islands
in nearly 20 years.

Nina traversed between the islands of
Luzon and Mindoro and entered the South
China Sea with 95 kt (49 m/see) winds.
Although satellite imagery could not detect an
eye, land-based radar continued to track the
cloud covered eye. Shortly thereafter, Nina was
packing 100 kt(51 m/see) winds.

Once Nina was in the South China Sea,
the forecast philosophy attempted to keep up
with the changing synoptic situation. Figure 3-
22-7 provides an abbreviated look at the
specifics of each prognostic reasoning message
for the 260000Z through 290000Z November
time period. Basically what initially appeanxl
to be straight-fonvard, wasn’t! The decoupling
of Nina’s lower- and upper-level circulations
developed into a complex event culminating in
the 270000Z prognostic reasoning message,

which became a classic example of being wrong
for all the right reasons. The net result was a
very tense situation for Hong Kong and the
southern China coast.

As the system began to move
northward, an eye became visible at 280300Z.
Within 6- to 12-hours, Nina was sheared apart
by the shallow, but strong, low-level surge in
the northeast monsoon flow and strong westerly
winds at the mid- and upper-levels. During the
shearing, the deep convection, which was
poorly defined and being positioned as an
upper-level circulation by satellite, accelerated
east-northeastward along the quasi-stationary
front. As a consequence, the forecast
philosophy embraced a cloud system moving
rapidly through the Luzon Strait and becoming
extratropical. (Post-analysis found that the low-
level most probably separated from the upper-
level circulation center at 280600Z. This
nwdted in a 340 nm (630 km) difference at 24-
hours between the working best track and the
final best track points as seen in Figure 3-22-8.)
The upper-level cloudiness did move east-
northeastward; however, the low-level
circulation center executed an anticyclonic loop
and headed slowly southward with the
monsoonal flow. The residual low-level
vorticity and cloudiness rapidly dissipated over
the South China Sea.
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TROPICAL STORM OGDEN (23W)

F@we 3-23-1. % thirds@@cant tropicdcycke of!7@vember,TropicdStorm Ogdint,&vel@ed into a tropuaf
storm in theSouth ChinaSeu and qui@ nude hdfaU oversouthern‘Vtttnam. Ogtiintwasfirst detectediiweon
Nmember20th asapoodiyqanizetfama ofconvectionjusteastof thePhilippines.Oncein theSouth ChinaSeu, the
alwet+nent ofspirdi~ CxAwel dh.d tints&d W thesystem>jkst mentbn on theS@ifiant TropiuafWeather
Wiiwry (ABTW P~Tl@ at 230600Z. At 240400Z,a Tropid Cy%ne $%rnuztion%ht (TC$FA)was Ad based
on the improvedbw-kvel cliwdwganizationand synopticwportsof a cksed swjii cimdiuion with ~“mum
win& of15 to25@ (8 to 13 m/see).SHy thereafter,!Vvdintensi~ analysisqfsatefl?te inageq estimated30@
(15m~ec) wih whichpromptedthefirst warni~ on Tiropicd!Depnxsion237# at 240600Z (seeiqe above). At
241800Z, Ogaknreacheda maajmumintensityof45& (23 m~ec)justptir to ~iry hdfd. Ofldend Mfd
onttheastmast of Vietnam18 nm (33 km)southof Thy%!baat 241900Z. lhejkd wanaiqqwaskwdat 250000Z
as thesystimmovedinlimdanddkipated(240712Z 9@vem6er~OM visuuli~ey).
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TROPICAL STORM

Typhoon Phyllis was the only
significant tropical cyclone to develop in the
western North Pacific in December and the third
to regenerate over water in 1987 (reference
Tropical Storms Ed (12W) and Maury (21W)).
It struck the central Philippine Islands three
weeks after Super Typhoon Nina (22W) and
added further misery to that ravaged nation.

Phyllis began as an area of weakly
organized convection in the eastern Caroline
Islands 150 nm (278 km) southeast of the Truk
Atoll. It was mentioned for the fmt time on the
O91O3OZ December Significant Tropical
Weather Advisory (ABPW PGTW) after

PHYLLIS (24W)

exhibiting a rapid increase in the amount and
organization of convection. The potential
development was listed as fair due to the pre-
existence of a low-level circulation and
unrestricted upper-level outflow.

A Tropical Cyclone Formation Alert
(TCFA) was issued the next day at 10023OZ
when a satellite intensity estimate (Dvorak,
1984) indicated 25 kt (13 rnlsec) winds at the
surface. The first warning, on Tropical
Depression 24W, came at 10 1800Z as the
estimate of the surface winds increased to 30 kt
(15 rrdsec) and the associated deep convection
became more centralized. At that time, Tropical



Depression 24W was located 370 nm (685 km)
south-southeast of Guam and was moving
toward the northwest. Twenty-four hours later,
it made its closest point of approach to Guam
(210 nm (389 km) to the southwest) and was
upgraded to a tropical storm based on the
development of a large cloud system and
improved upper-level outflow in the southwest
quadrant (see Figure 3-24- 1). Early dissipation
was forecast (beginning with the third warning
at 110600Z). The approach of an eastward-
moving, mid-latitude trough would increase the
vertical wind shear. As the short wave moved
eastward from mainland China, Phyllis slowed

its forward motion until 130600Z, then abruptly
changed course and accelerated toward the
west-southwest. After downgrading the tropical
cyclone to a tropical depression at 1300002, the
final warning followed at 140000Z. The
displacement of central convection to the
northeast of the low-level circulation center and
the entrainment of cooler, drier air appeared to
have started an irreversible weakening process.

However, within 18-hours (once the
vertical wind shear decreased), Phyllis began to
reestablish its central convection under a
favorable upper-level outflow pattern. This
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$@yure3-24-3. TihtLj wrapped smaUeye of TyphoonPhyUi3during liantffd on the ulhnd of Samar
(152123Z !Decem6er2M4Win.md~ey).

resulted in the issuance of a second TCFA at
141 630Z. The (first regenerated) warning
followed at 141800Z (as warning number 15 on
the system) based on the satellite intensity
estimate of 45 kt (23 rnkc) (see Figure 3-24-2).
Intensification continued until 150000Z when
Phyllis peaked at 100 kt (51 m/see) while
making landfall on the island of Samar in the
central Philippine Islands (Figure 3-24-3).
Phyllis left ten people dead and thirteen more
were listed as missing when a ferry boat sank
off of northern Samar.

After peaking, Phyllis weakened slowly
for 24-hours while traversing the central
Philippine Islands. Weakened by the frictional
effects of the surrounding mountainous island
terrain, Phyllis entered the South China Sea and
was downgraded to a tropical depression at
180000Z. The forecast to dissipate within 48-
hours. over water was basically correct,
however, the tropical cyclone did briefly
reintensify to 35 kt (18 m/see) on the 19th. No
other reports of deaths or serious damage were
received.
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3. NORTH INDIAN OCEAN
TROPICAL CYCLONES

Eight significant tropical cyclones
developed in th~ North India~ Ocea~ durini.z
1987. - That set a new all-time record an~
surpassed the previous high of seven systems in
1979. This was in sharp contrast with 1986
when only three significant tropical cyclones
were observed. The long-term mean is
approximately four per year. These eight
systems (all of tropical storm intensity)
developed during the Spring and Fall transition
periods (i. e., the intervals of weak opposing
wind flow between the Northeast and
Southwest Monsoons). Tables 3-5 and 3-6
provide a summary of information for 1987 and
comparison with earlier years.

‘TABLE3.5 NORTH INDIAN OCEAN

1987 SIGNIFICANT TROPICAL CYCLONES

cAmoAn SASIEROF 14Asnssn

DAYSW SASNINGS SOSFACS ES71NA2’ED
i’S@ICALCYCME PERT(SI0?NAPN2NsIIARNIW IssOSD W1249S-K1MS] i4StS- MB

X OIB o13zB-035m 3 11 M {28] 9s4
X 02B 02JuN-05JuN 4 12
Tc 03A

M (28) 983
05JUN-09JIM 5 18

X 04B
50(26) n?

15cXT-1603 3 45(23)
X 05B

991
31W2’-O3WX : 14 4D121) 994

?S D6B lIWX-131AW 3 6 so(261
TC D7A

987
OBOEC-llDES 4

TC 08B
45[23] 991

180Ec-190m 2 ;—— 35[18] 991

*Overlappingdays are counted only once in sum

TABLE 3-6. FREQUENCYOF NORTH INDIAN OCEAN
TROPICAL CYCLONES

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL

1971* --- --000 110
0001000 0:010

2
1972* 4
1973* 000000 (ll)f) 121 4
1974* 00 0000000 S)lo 1

1975 10 020
1976

00012
00 ;101001 10: ;

1977 0 0001
1978

1000 120 5
000010 000120 4

1979 0 0001100 2120 7
1980 00000 00001

:00011
1

1981 0
2

0000 1 3
1982 00001 00021 0
1983 0 :010110

5
0000 3

1984 0 0 001000 0 12
0000200 0021:

4
1985
1986

6
10 0000000 02
0100020 0012;

3
1987 8

(1975-1987)
AVERAGE 0.2 0.1 0.0 0.1 0.7 0.5 0.0 0.1 0.2 1.0 1.5 0.5 4.7

CASES 2101960 131319 6 61

= JTWC WARNING RSSPONSIBILITT BEGAN ON 4 JUW 71 FC44 TNE BAY OF SENGAL, EAST W 90 DEGAsss EAST IQNGITUDE .
CINCPAC, JTWC ISSUSD WARNINGS ONLY FOR THOSE TROPICAL CYCLONES Tiu.T D

AS DIRECTED BY
t3VEUPED OR TRACNSD THROUGN TWAT PORTION OF TKE BAY cx

BENGAL . COS94ENCING WITH TNE 1975 TRW ICAL CYCIJJNE SEASON, JTWC ‘S AREA OF RESPONSIBILITY WAS EXTSNDED WESTWARD TU INCLUDE
TNS WBSTSRN PORTION (X TNE SAY OF SSNGAL AND TNs ENTIRE ARABIAN SM.

F0RM4TICN ALERTS: 7 OF 8 FDRJ4ATION ALERTS DEVELCPED INTu SIGNIFICANT TRCPICAL CTCIJ3RZS . TROPICAL CYCIKSJE FORNRTION AIJSRTS
SSSS ISSUED FOR ALL OF T41E SIGNIFICANT TACPICAL CYC~WES TNAT DEVZICFED IN 1987, EXCEPT TROPICAL CYCLONE OSA.

WARWINGS : NUS4ESR OF CASSWOAR WARWING DAYS: 26

WUNSER OF CALENDAR WARNING DAYS
WITH TWO TROPICAL CYCLONES :

WWBER ~ CALENDAR WARNING DAYS
1

WITH TNAsE TROPICAL CYCLCUSS : 0

.
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TROPICAL CYCLONE OIB

Y@Lw3-01%1. %opicafCycLmeOIBWasthjkt @nijkant tropicafcycbw tofbnn in die Bay ~$engddixting
1987. It wasaktectedasan amotphousama~convection about500 nm (926 ~m)eastofSn Wa oa the 29th of
Januay and was notedon the301800ZSigni@vtt Tr@Wkather Mvisoy (A’BIOP@Vl?). Sate&& i~ey at
thattimeshuwedupper-hve[antkyclbnkdy curoedoutjbw overa wek Lbw-hvelcirculdon. ~th.in the~t 24.
hours,themgatiation and amountqfconvectionsteadiljincreased A %vpudCyAne FormationAh wusissued
at311900Z. SateUitei~ery Awedconvective bandi~ hadwntinuedtoinenwse,h sparsesynoptic&ta showed
no b su~m pwssums. At 0000Z on Februay lst, thejkt warni~ was ksued m“thh appeanmceda central
aknse mercast and unrestnktedoutfbw in all quadknts. % systemthen twcbd steadi!i!ynortheastward %
intensitypea&d at 55 ~ (28 m/see)at 020600Z as the systembe~anintemctionwith upper-kvelsouthwatedk,
whichsent a @g plume ~ cirms northeastwardacrossBurma. A partiafi.je-qwsedGnv-iiwelcircuhion center
becameappanmtat 030000z, as incrtasedverticaCra”ndshear~ & southwestedk @t stippedaway thecentd
CGnidimxs.Skhours hter thelb-w-GweCvortGKwasfdy ~osed(we aboveimqqey). At 031200Z, .Ti!WCim.ed the
findwarni~ on the30& (15m/kc) wea&ningtropicdcycllnw l% wmnantiof TropicaJCyclhn.e01!3continuedto
tmck towardt~ northeastanddtisipationoccurndafta it mde btifd on Februay 4th mer thenorthwestcoast
of!lkma (030805ZFe6nwy~OM tnkdimagey).
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TROPICAL CYCLONE 02B

F@re 3-02%-1. TropicafCy&me0221 was the srxondsign.ijknt tropicdcyc$anetoform in the Bay of Z3qgaL It
was&tee@don satellheimagey as an areaofqanizing convection&out 220 nm (407km)southwtwofm~oon,
!lhwmaand w~jkt mentiond a$a newsuspectamaon the3018002 MayS@i@xxnt %opid Wedi.erXdirkny
@BIO P~). % akvebpmentofstmng centtdumveetionpromptedaTh@cdCycGme Ybnnat-ion%&t onJune
1st at 0600Z. % first tropicafcychte warningfol%?weda day bter at 020600Z as a restdt of continued
devet.bpment. % forecast track toward the northwest, which agreed cfoselj with the Hdf Persistence and
Clhnatol@y@Mc)@aknee, chaq.geddting thesulkpent 24-hours,as mid-kvef@w causedTiupicdCyAne
02B to assumea recurvatumtrack @wad the -beast (SU a60ve imqey). ‘7he One-WayInteractive%opid
cycGmcModU KYTCM),eorrecdy predtited this recumatun toward the northeast; however, theguidizneewas
dkounteddue to thepwious poorpe@nnanu of thedin this@on. At 0406002, Tropical Cyclone 02B
reaeh.dits ~“mum intem”tyof55 ti (28 mjkx) anddhdbpeda ~edeye. %k intensig wasmainti”neduntal
the~tem md Mfdover BaqgGu@hat 041200Z. ,wdLssipation ftid % npon3 ofakmage or GMsof
fifewemnxeived(030421ZJuw ~Pvistu#imagey).
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TROPICAL CYCLONE (KB

F’tjp 3-0S%1. mpidcydbne 0S%-finz the monsoontm@i Uz%rtheSouthn my ofmn@hnid~
betwenSd La&a andnodeIYLSumatm in he Odder. Its &tution onst%dlhe imqyryresukdin dienkuance
of dieS@.ij%xmtTiv@af Wkatfer Sdiiwry (ABIO P@’lW9at 300300Z and assignmentofajiir potentiaffm
&wbpment. Intensij?cdim eontiwsdanda %pieafCi@me fbnnation A& u.msksuedat 301557Z. Z?iej’ht

UXZTIU%W$~~at310000z. ~roP~ CYC~ 05~ -d toward t~ wtfi and was initiaMyf~t eo
Wntinuemovilgnordiwanfdimtulnlwrthe#md, enxsilySoudiemml#?&sfi andnortfbn!BUr71mInstea(l$
it tusumeda northuwtuhdtnx~andshhdin fdsped once the system 6e~an to W& a di$hite tmck
tmhd & dwfst, thef~t phibsophy mts *d and the One-’Waylivpieaf CycGmeMot&f(OTW)

guidiwe WarfMwi& eaydhzt ndk. %pe4ntens@of55& (28 m/su)ukw nwdiedat 1200Zon th 1st

d$@vc~er ~ ~“n~”ned UZ~ ~ gs~m uw ~e i~ti aS etinud@ the d-dqfiieowtwiw did
ikufon thesatdk tie a60ve. Ikam.e qf tliejkafwarni~ oceurrtdat 030600Z # %p&dCydbne 05B am
dksipatiqyoverknd(020221Z9fjwn6er9f@$L!l V&fafimagey).
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TROPICAL CYCLONE 06B

F@w 3-06!3-1. TivpicafC@me 06B beame evidimtonsateilk i~ey on 8 -mber as a wea@ oryatiedarea
ofconvectionin tfienortfiernAn.&manSea. Initiallj, it wasassociatedwitfia broadband~monsoonafeliwdiness
wti e~ten&dj%m the southernIndia eastward to the centd %taIunansea. Finst mention#Me suspectarea
occurredon theSigniji.cantTiwpiedWeathr Xdkoy (AIBIOPm at 1018OOZ.Sparsesynopticdati impGeda
Awe&linv-liwelcyclimiccircuktionandassociatedupper-liwefdkegent+. % the tropi.dcyckmek mflanization
increased a TropicaCcyclbne !_Formation%rt was issuedat 102027Z (see above inuyey), foilbwed by tAejkst
wami~ at 111800Z. TropicalCyclbne06B rea&d a pek intensityof 50 @ (26 nv!su) at 1218002 (seeabove
imagey)as it turnednorthwestward Four lioursGzterit madeCaw$fdand rapidlj wea@nedwh& moviqqinto the
!Eustemijfiatsmountainsabg t.k euast. % j?nd warningwas ksued at 1300002 (1209292 %mber 9@%l
mkdi~eq).
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TROPICAL CYCLONE 08B

F@we 3-08%1. TropicaJCycbne 08B was the nxordsetti~ eighthsigru$icanttropicafqclinu to alwelbpin the
~ti Indian Oceanin 1987 and thesecondsystemto occurin !Decem6er.It 6e~anas a Iupid@cqganking tropicaf
ditur6ance 375 nm (695 km)east tfSri funks on the 16th. TropicalCyc&nx08G was mentiuneiifmthejkst time
on the 161800Z Sgnifiant Tropical‘WeatherMvisory (ABIO!P@’T?)and was clissi~ as havingftir potential to
&velbp into a s@i@nt trvpicalcycke 6asedon a L&v-liwtdyckic cinxdationeviahtt in thesynopticAwaand
an improvhyupper-kvdoutfliw pattern. A Tropicu(Cyck Formatbn XGrt (’XCFA)waskued thefollowing&y
at 170800Z when it becameappanvttthesytem was inmasing in & amountof convectionand in orgamkation,
Sate~ti intmsityadysis (Dud 1984) estimat4d25@ (13 m/see)wind%at thesurjkx, at that time. % @
warningon TropicalCycke 08!3 camesiz hews bter when it &?v&peda centd akse ovemastand the satd@
intensityestimatewached306 (15 ~sec). TropicalCyc&me0823wasinitiatljforecast tumoveiniimdnear%Ladms,
India and dkipate within 48-houm;however,h systimslinveddmmaticakliyon the 18th. It changedcourseat
190000z and headid towardthe northawt. ?TIVC issuedajba.1 warningat 1900002 when it appeand the upper-
and krwer-kvelcenters had 6ecomedtipliced 6y strung verticafshear. 17ie e~osed lbw-liwelcirculationcenter
maintakd its idiwtityduting thesukquent 24 -hourpe&dandre-&vebpedits Centdconvectiom A s4TCFA
wa issuedat 2006302 as thenvnnantsof ’ZropidCydime 08!Btmc&dnorthastwardandimprovedin ~anization.
~ fdr warningswemissud however,&spitesevem(satdl.k intensityestimata of35@ (18 nLAec)on the20th
6ecausej’lVV’6c&ved the intemity was at, or 6e&w,WW”W criteriaandnot tztyectedto &vebp furt&r. ti the
21st, & tropkalcydinu 6egan to w~n andlbopedu~ectedlj 6ac~ tounwdthe Indian subcontinent(seea60ve
imagery).It ma& Mfdon the23rdon theIna$ancoast,165 nm (306 km)south of!l&dkx, India. ~ nports 4
~“ordi.vnageor L&sqfl?~ewerereceived(211229Z 2kem6er !DM$Pvhuafi~ey).
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CHAPTER IV - SUMMARY OF SOUTH PACIFIC AND
SOUTH INDIAN OCEAN TROPICAL CYCLONES

1. GENERAL

The JTWC area of responsibility
(AOR) was expanded on 1 October 1980 -- to
include the southern hemisphere from 180
degrees Longitude westward to the east coast of
Africa. Details on tropical cyclones in this
region for July 1980 to June 1982 are contained
in Diercks et al, (1982). For the July 1982
through June 1984 period, reference the
NOCC/JTWC TECH NOTE 86-1. As in earlier
reports, data on tropical cyclones forming in, or
moving into, the South Pacific Ocean east of
180 degrees Longitude, which is the Naval
Western Oceanography Center’s (NAVWEST-
OCEANCEN) AOR, are included for
completeness. JTWC provides the sequential

numbering for all South Pacific and South
Indian Ocean significant tropical cyclones. The
current convention (as stated in USCINC-
PACINST 3140.1 (series)) for labelling tropical
cyclones that develop in the South Indian Ocean
(west of 135 degrees East Longitude) is to add
the suffix “S” to the assigned tropical cyclone
number, while those originating in the South
Pacific Ocean (east of 135 degrees East
Longitude) receive a “P” suffix. The “P” suffix
also applies to significant tropical cyclones
which form east of 180 degrees Longitude in
the South Pacific Ocean. Also, it should be
noted that to encompass the southern
hemisphere tropical cyclone season, which

TABLE 4-1. SOUTH PACIFIC AND SOUTH INDIAN OCEANS 1987 SIGNIFICANT TROPICAL CYCLONES

CALENDAR NUMBER MAXIMUM
DAYS OF WARNINGS SURFACE ESTIMATED

TROPICAL CYCLONE PERIOD OF WARNING WARNING ISSUED WINDS - KT (M/S) MSLP - MB

01s -------- 01 AUG - 03 AUG 3 4 40 (21)
02P OSEA

994
22 NOV - 25 NOV 4 7 55 (28) 984

03P PATSY 14 DEC - 18 DEC 5 8 55 (28) 984
04P RAJA 23 DEC - 01 JAN 10 18 90 (46)
05P SALLY

953
28 DEC - 04 JAN 8 16 65 (33) 976

06s -------- 07 JAN - 09 JAN 3 5 45 (23) 991
07s -------- 10 JAN - 12 JAN 3 5 55 (28) 984
08P TUSI 16 JAN - 20 JAN 5 10 100 (51) 943
09S ALININA 16 JAN - 20 JAN 8 75 (39) 967
09S ALININA* 22 JAN - 23 JAN ; 4 65 (33) 976
10S CONNIE 17 JAN - 20 JAN 6
11P IRMA

55 (28) 984
19 JAN - 20 JAN ; 3 30 (15) 1000

12S DAMIEN 01 FEB - 05 FEB 5 9 50 (26) 987
13P -------- 04 FEB - 05 FEB 2 4 40 (21)
14P mm

994
05 FEB - 09 FEB 5 9 80 (41) 963

15P JASON 0’7FEB - 13 FEB 13 65 (33) 976
16P VELI 08 FEB - 09 FEB ; 3 30 (15) 1000
17S CLOTILDA 11 FEB - 16 FEB 11 50 (26) 987
18s ELSIE 22 FEB - 25 FEB : 7 60 (31) 980
19P -------- 28 FEB - 01 NAR 2 3 40 (21) 994
20P WINI 01 MAR - 06 MAR 6 9 65 (33) 976
21S DAODO 03 MAR - 15 MAR 13 25 75 (39) 967
22P YALI 08 MAR - 12 MAR 5 8
23P KAY

65 (33) 976
08 APR - 16 APR 9 17 65 (33) 976

24s -------- 23 APR - 26 APR 4 8 75 (39) 967
25P ZUMAN 23 APR - 26 APR 4 8 55 (28) 984
26s -------- 24 APR - 26 APR 3 5 45 (23)
27P BLANCHE

991
22 MAY - 25 MAY 4 7 55 (28) 984

28s -------- 25 JUN - 27 JUN 3 5 35 (18) 997

1987 TOTALS: 94 ** 245

* REGENERATED
** oVERLAPPING DAYS INCLUDED ONLY ONCE IN SuM.

NOTE : NAMES OF CYCONES GIVEN BY REGIONAL WARNING CENTERS (NANDI, BRISBANE, DARWIN,
PERTH AND MAURITIUS) AND ARE APPENDED TO JTWC WARNINGS, WHEN AVAILABLE.

157



TABLE4-2.

FREQUENCYOFCYCLONESBYMONTHANDYEAR

YEAR JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JON TOTAL

[1959- 1978)
AVERAGE* - - - 0.4 1.5 3.6 6.1 5.8 4.7 2.1 0.5 - 24.7

1981 0 0 0 1 3 2 6 5 3 3 1 0 24
1982 1 0 0 1 1 3 9 4 2 3 1 0 25
1983 1 0 0 1 1 3 5 6 3 5 0 0 25
1984 1 0 0 1 2 5 5 10 4 2 0 0 30
1985 0“ o 0 0 1 7 9 9 6 3 0 0 35
1986 0 0 1 0 1 1 9 9 6 4 2 0 33
1987 0 1 0 0 1 3 6 8 3 4 1 1 28

(1981- 1987)
AVERAGE 0.4 0.1 0.1 0.6 1.4 3.4 7.0 7.3 3.9 3.4 0.7 0.1 28.6

CASES 3 1 1 4 10 24 49 51 27 24 5 1 200

occurs from January through April, the limits of convention of Iabelling northern hemisphere
each tropical cyclone year are defined as 1 July tropical cyclones which is based on the calendar
to 30 June. Thus, the 1987 southern hemisphere year -1 January to 31 December-to include the
tropical cyclone year is from 1 July 1986 to 30 seasonal activity from May through Deeember.)
June 1987. (This is in contrast to the

TABLE 4-3. YEARLY VARIATION OF TROPICAL CYCLONES BY OCEAN BASIN

YEAR SOUTH INDIAN AUSTRALIAN SOUTH PACIFIC TOTAL
(105 E WESTWARD) (105 E - 165 E) (165 E EASTWARD)

(1959 - 1978)
AVERAGE * 8.4 10.3 5.9 24.7
---- ---- ---- ---- ----

1981 13 8 3 24
1982 12 11 2 25
1983 7 6 12 25
1984 14 14 2 30
1985 14 15 6 35
1986 14 16 3 33
1987 9 8 11 28

(1981 - 1987) 11.9 11.1 5.6 28.6
AVERAGE

83 78 39 200
CASES

* (GRAY, 1979)

.-..

.

138



TABLE 4-4. MAXIMUM SUSTAINED SURFACE WINDS VERSUS MINIMUM SEA-LEVE

MAxIm
SURFACE

1

PRESSURE (ATKINSON AND HOLLIDAY, 1977)

SUSTAINED EQUIVALENT MINIMUM
WIND (KT) SEA-LEVEL PRESSURE (MB

30 ..........................................1000
35 ...........................................997
40 ...........................................994
45 ...........................................991
50 ...........................................987
55 ...........................................984
60 ...........................................980
65 ...........................................976
70 ...........................................972
75 ...........................................967
80 ...........................................963
85 ...........................................958
90 ...........................................954
95 ...........................................948
00 ...........................................943

105 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 938
110 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..933
115 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..927
120 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..922
125 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..916
130 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..910
135 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...904
140 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...898
145 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...892
150 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..885
155 . . . . . . . . . . ...*..... . . . . . . . . . . . . . . . . . . . . . . ..879
160 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..872
165 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..865
170 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .858



2. SOUTH PACIFIC AND SOUTH INDIAN OCEAN TROPICAL CYCLONES

The 1987 year (1 July 1986 through 30
June 1987) was active, with 28 significant
tropical cyclones (see Table 4-1) reaching
warning status. This did not exceed the total of
33 tropical cyclones for 1986 (1 July 1985-30
June 1986). Eleven tropical cyclones occurred
in the South Pacific, east of 165 degrees East
Longitude, which is about twice the long-term
mean. The Australian area (105 to 165 degrees
East Longitude) accounted for eight tropical
cyclones compared to the climatological mean
of 10.3 - two less than normal. Nine tropical
cyclones developed in the South Indian Ocean,
which is about one more than the long-term
mean of 8.4 cyclones (see Tables 4-2 and 4-3).
Meteorological satellite surveillance of tropical
cyclones has been updating climatologies since
the early 1960s. (This meteorological watch
fkom space detects tropical cyclones that might
have previously gone undetected over the con-
ventional data sparse oceanic areas.) Thus,
tropical cyclone climatologies should continue
to benefit from increased surveillance from
space in some areas, for example, the South
Indian Ocean.

Caveat: Intensity estimates for ‘
southern hemisphere tropical cyclones are
derived primarily from satellite imagery
evaluation (Dvorak, 1984) and from intensity
estimates reported by other regional centers.
Only, in extremely rare instances are the
intensity estimates based on surface
observational data. Estimates of the minimum
sea-level pressure are usually derived from the
Atkinson and Holliday (1977) relationship
between the maximum sustained one-minute
surface wind and the minimum sea-level
pressure (Table 4-4). This relationship has been
shown to be representative for tropical cyclones
in the western North Pacific and is also used by
the Australian regional warning centers to
provide intensity estimates. However, since
these pressure estimates are usually based on
wind intensities that were derived from
interpretation of satellite imagery, considerable
caution should be exercised when using these
resultant pressure values in future tropical
cyclone work.
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CHAPTER V - SUMMARY OF FORECAST VERIFICATION

1. ANNUAL FORECAST VERIFICATION

a. Western North Pacific Ocean

The positions given for warning times
and those at the 24-, 48- and 72-hour forecast
times were verified against the final best track
positions at the same valid times. The (scalar)
forecast, along-track and cross-track errors
(illustrated in Figure 5-1) were then calculated
for each tropical cyclone and are presented in
Tables 5-1A, 5-lB, 5-lC and 5-lD. Figures 5-
2A through 5-2C provide, respectively, the
frequency distributions of forecast errors in 30
nm increments for 24-, 48-, and 72-hour
forecasts of all 1987 tropical cyclones in the
western North Pacific. A summation of the
mean forecast errors, as calculated for all
tro ical cyclones in each year, is shown in

fTa le 5-2A. Table 5-2B includes along-track
and cross-track errors for 1987. A comparison
of the annual mean forecast errors for all
tropical cyclones as compamd to those tropical
cyclones that reached typhoon intensity can be
seen in Table 5-3. The mean forecast errors for
1987 as compared to the ten previous years are
graphed in Figure 5-3.

Forecast
Taugem to Position
Best Track

Verifying
Position

A1’E

F@re 5-1. Dejkition of cross-tmc~
error (X2%), afbng-trae~ error (34’2%),
andfbnxust trae~ewor($PZE). In M.L
e~amp[e, the Xl% is “positive[to the
right ~theButTiuetia ndtheA~is
negative(behindorslinuerthan the !&w
Trac~..

24-Hour Error(rim)

300-329
270-299

240-269
j 210-239

s 180-209

z 150-179
0 120-149=
a 90-119
s

60-89

30-59

0-29

0 20 40 60 80 100 120 140

Number of l%recssts

FORXMT =o~ (NM)

MEAN: 107

MEDIAN: 106

sZ!AmARD

DEVIATION : 60

CASES : 563

F@re 5-2A. Frequency dkti.bution
of theZ4-hourfom.casterron in 30 nm

westernn@rth
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48-Hour Error(rim)
570-599
540-569
510-539
480-509
450479

@
m 420449
= 390419
s 360-389

330-359
~ 300-329

270-299
= 240-269
:
z

210-239
180-209
150-179
120-149
90-119

60-89
30-59
0-29

0 20 40 60 80

Number of Forecasts

72-Hour Error (rim)

990-1019.~ f

%Ra :
900-929.

810-839
780-80
750-77i!
720-749
690-719
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* 630-659
m 600-629

E= WEE%
510-539

-8
g $%:

g %%!
270-299
240-269
210-239

:~m:

‘k’d-l:
3go-g

o 10 20 30 40

Number of Forecasts

.-.

4fl-HO~

!4EAN: 204

!mDIAN: 202

STANDARD
DEVIATION : 111

=ES : 465

Figure 5-2B. Frequeney di.s~”buticnt
of th 48-hourforecast emorsin 30 nm
(56 ~m) increnwttsfor dsignif~ant
tropicalyclk.s in th wtxtem 9@th
!Paciftiduring 198?’.

FO=CAST .ERRQM mm

MEAN: 303

MEDIAN: 299

STANDARD
DEVIATION : 171

CASES : 389

Figure 5-2C. $%qu.encydistikion of
tb 72-huurforecast errors in 30 nm
(56 ~m) incrementsfor& significant
tropual yclinux in the western~rth
Pa+c fki~ 1987.
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TABLE 5-1A. INITIAL POSITION ERROR SUMMAR Y FOR
THE WESTERN NORTH PACIFIC OCEAN

SIGNIFICANT TROPICAL CYCLONES OF 1987
(E-ORS IN NM)

TROPICAL CYCLONE ERROR
‘UOWER

WARNINGS

(Olw) TY ORCHID 17 23
(02W)
(03W)
(04W)
(05W)
(06w)

TS
TS
TY

PERCY
RUTH
SPERRY

:
17
33
21

STY
TY
TY
TY

STY
TY

STY
TS
TY
TY

STY

THELMA
VERNON
WYNNE
ALEX
BETTY
CARY
DINAH
ED
FREDA
GEFUkLD
HOLLY

(07W)
(08W)
(09W)
(low)
(llW)
(12W)
(13W)
(14W)
(15W)

15
15
7

39
22
31
3915

19
33
16
20
23

24
43
33

7
i16w) TY IAN
(17W) TD 17W
(02C) TY PEKE

14
21
19 23

9
27
44
29
39

ilewj TS JUNE
(19W) TY KELLY

33
16

i20Wj STY LYNN
(21W) TS MAURY
(22W) STY NINA
(23w) TS OGDEN
(24w) TY PHYLLIS

17
27
17
26
16

4
34

MEAN 18 TOTAL 657*

* DOES NOT INCLUDE DISSIPATED OR EXTRATROPICAL WARNINGS .

TABLE 5-lB. 24-HOUR FORECAST ERROR SUMMAR Y FOR
THE WESTERN NORTH PACIFIC OCEAN

SIGNIFICANT TROPICAL CYCLONES OF 1987
(ERRORS IN NM)

ALONG-TRACK CROSS-TRACK NUMBER
FORECAST ERROR ERROR

TROPICAL CYCLONE
OF

ERROR ABS NAG BIAS AES MAG BIAS WARN INGS

(Olw)
(02W)
(03W)
(04W)
(05W)
(06w)
(07W)
(08w)
(09W)
(low)
(llW)
(12W)
(13W)
(14W)
(15W)
(16w)
(17W)
(02C)

TY
TS
TS
TY

STY
TY
TY
TY

ORCHID
PERCY
RUTH
SPERRY
THELMA
VERNON
WYNNE

41

1%
119
146
119
107
111
91
93
96

120
81

1%
82
81

145

72

1::
107

93
72
69

–47 46
37
46

5
*
*

30
50

-48
-39
-45

49
36
17

*

–29
-37
-61
-32

*

-72

–3:
-7
–5

o

1:

19
8

1:
31
18
36
20
30
36
38
10
47
20
34
27

3

*
*

-85
-77

41
92

1
–66
-19ALEX

BETTY
CARY
DINAH
ED
FREDA

47
57
66
63
55
49

STY
TY

STY
TS
TY

-43
7

-2i

:
-31

–5
5
*

-105

-2:
-4

-1%

1:

TY
STY

TY
TD
TY
TS
TY

STY
TS

STY
TS
TY

GERALD
HOLLY
IAN
17W

51
56
66
66

117
130

75
59
45

121
38
80

PEKE
JUNE
KELLY
LYNN
MAURY
NINA
OGDEN
PHYLLIS

(18w)
(19W)
(20W)
(21W)
(22W)
[:::]

41
19
36

225

TOTALS 107 71 –30 64 -8 56 3

Indbabsloolewcasal (< 10) tocorrputethe MOdlan 0rror(81As)
BSMAG.AbsoluteM@lwAa 81Ektktian(tiktiw)dtks~. S@&m~-tm&mdcms-trtiermmp~folk:

ThaAbng-Trackarror conpmmt ba-urec#howfarawarning pceWonwrISdi6placed bttorriihtoflhebestlrackposllion. me~bcmaists cdtwoparts:theab60bsD
~gnitude (dk.tatm) and the bins (mgative values (rnhus sign) were bit 01 track and ponitii values (plus sign) were right of track).

TheCroseTrack error oonpnmt ba~retitilwlkwmhg @h Wdi~lti~dw Hndtikt W&~Mon. llwsanpbcaansktu oftwpartu:l%e~
~gnhudfr (dlstanca and the bias (negative valu@ (rrinus sign) We behind or slow and IxWFwe vatue$ (plus sign) were ahead or fast).
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TABLE 5–lC. 48-HOUR FORECAST ERROR SUMMARY FOR
THE WESTERN NORTH PACIFIC OCEAN

SIGNIFICANT TROPICAL CYCLONES OF 1987
(ERRORS IN NM)

ALONG-TFULCK CROSS -T~CK
FORECAST ERROR

NUMBER
ERROR

TROPICAL CYCLONE
OF

ERROR ABS NAG BIAS ABS MAG BIAS WARNINGS

(Olw)
(02W)
(03W)
(04W)
(05W)
(06W)
(07W)
(08w)
(09W)
(low)
(llW)
(12W)
(13W)
(14W)
(15W)
(16W)
(17W)
(02C)
(18W)
(19W)
(20W)
(21W)
(22W)
(23W)
(24W)

TY
TS
TS
TY

STY
TY
TY
TY

STY
TY

STY
TS
TY

s::
TY
TD
TY
TS
TY

STY

s%?
TS
TY

ORCHID
PERCY
RUTH
SPERRY
THELMA
VERNON

ALEX
BETTY
CARY
DINAH
ED
FREDA
GERALD
HOLLY
IAN
17W
PEKE

KELLY
LYNN
MAURY
NINA
OGDEN
PHYLLIS

158
116
---

242
311
180
218
204
197
163
172
219
181
163
275
201
--—
310
66

183
184
162
235
---
171

116
110
---

197
240
107
153
129

l%
126
181
84
82

128
164
---
271

1%
127

1::
---
104

-69
*

---

-201
–179

–ii:
-129
–95

6
-23

–1:
-47

0
69

---
-275

-6:
-3

–1::
---
35

n---
122
160
130
124
143
147
106
98

1;:
121
229
83

---
126
31
99

117
123
94

---
110

13
*

--—

119
73

-98
–30

-120
144
99
19

-9:
-15

-202
-58
---
-93

-4;
-18
26
55

---
8

15
4
0

12
28
14
30
16
26
33
34

4;

:2
23

1:

2:
39
13
32

103

TOTALS 204 134 -58 127 -12 46 5

TABLE 5-ID. 72-HOUR FORECAST ERROR SUMMARY FOR
THE WBSTERN NORTH PACIFIC OCEAN

SIGNIFICANT TROPICAL CYCLONES OF 1987
(ERRORS IN NM)

ALONG-TRACK CROS S-T-CK
FORECASI ERROR

NUMBER
ERROR OF

TROPICAL CYCLONE ERROR ABS NAG BIAS ABS NAG BIAS WARNINGS

(Olw) TY ORCHID 234 150
(02W)

-1oo 143 79
TS PERCY 206 167

11
* 53 * 4

(03W) TS RUTH --- --- --- --—
(04W)

-—_ 0
TY SPERRY 421 325 258 *

(05W) STY THELMA 479
9

419 -27:
(06W)

174 90 24
TY VERNON 224 133

(07W)
145

TY WYNNE 332 228 -20;
10

198 -8: 30
(08W) TY ALBX 330 254 -245 182 -97 12
(09W) STY BETTY 257 176 -178 165 136 17
(low) TY CARY 248 75 2 222 218 28
(llW) STY DINAH 222 154
(12W)

-6
TS ED

123 3
278 238

30
*

(13W)
115

TY FREDA 327 177 6
(14W)

222 -19: 3:
TY GERALD 193 135 -31 129

(15W) STY HOLLY 455 240
(16W)

-35 342 -2:: ;;
TY IAN 344 252

(17W)
122 191 -52

TD 17W
21

--- --- --- --- --- 0
(02C) TY PEKE 247 181 *

(18W)
148 * 5

TS JUNE 264 167 205 *
(19W) -15;

1
TY KELLY 289 216 134 -39 17

(20W) STY LYNN 298 191
(21W)

192 -18
1;:

31
TS UAURY 183 102 140 47

(22W) STY NINA 279 196 -191
(23W)

151 93 ::
TS OGDEN --- --- --- ---

(24W) TY PHYLLIS
---

196 164 24 76 64 103

TOTALS 303 198 -78 186 -13 38 9

*

●



TABLE 5-2A. ANNUAL MEAN FORECZLST ERRORS FOR THE WESTERN NORTH PACIFIC

24 -HOUR 48 -HOUR 72-HOUR
YEAR FORECAST RIGHT ANGLE FORSCAST RIGHT ANGLE FORECXS T RIGHT ANGLE

1971 111
1972

212
117

118
%

317
245 146

117

1973 108
381

74
210

197 134
1974 120

253
78

162

1975
226

138
157

84
348

288 181
245

450
1976 117 71

290
230

1977 148
132

83
338

283 157
202

407
1978 127 75

228
271 179

1979
410

124 77
297

226 151
1980 126 79

316
243

-223
164 389

1981* 123 75 220
287

119
1982* 113 67

334
237 139

168
341

1983* 117 72
206

259 152 405
1984* 117 66

237
233 137

1985* 117
363

66 231
231

134 367
1986 121 **

214
261 **

1987
394 **

107 ** 204 ** 303 ● *

● THE TECHNIQUE FOR CALCULATING RIGHT-ANGLE ERROR WAS REVISED IN 1981 ;
THEREFORE, A DIRECT CORRELATION IN RIGHT-ANGLE STATISTICS CANNOT BE
MADE FOR THE ERRORS COMPUTED BEFORE 1981 AND THE ERRORS COMPUTED
SINCE 1981.

** IN 1986, THE RIGHT-ANGLE ERROR WAS REPLACED BY CROSS-TRACK ERROR
(SEE FIGURE 5-1 FOR THE DEFINITION OF CROSS-TF@CK ERROR).

TABLE 5-2B. 1987 MEAN FORECAST, ALONG-TRACKAND CROSS-TRACK ERRORS

FOR THE WESTERN NORTH PACIFIC OCEAN (ERRORS IN NM).

ALOBIGl~ACK CROS+!ACK
FORECAST

TIMES : ERROR ABS MAG BIAS ABS MAG BIAS

24 -HOUR 107 71 -30 64 -8

48 -HOUR 204 134 -58 127 -12

72 -HOUR 303 198 -78 186 -13
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TABLE 5-3. ANNUAI., MEAN FORF.CAST ERRORS ??OR THE WESTERN NORTH PACIFIC
(ERRORS ARE IN NAUTICAL MILES)

24 -HOUR 48-HOUR
Y EAR

72-HOUR
AI.,IJ TYPHOON- ALL TYPHOON* ALL TYPHOON*

1950-1958 170
1959 117*- 267**

1960
1961
1962
1963
1964

177**
136
144
127
133

354**
274

287
246
284

476
374
429

1965 151 303
1966 136

418
280

1967 125
432

276
1968 105

414
229

1969 111
337

237 349

1970 104 98 190 181
1971 111

279 272
99 212 203 317

1972 117 116
308

245 245 381
1973 108 102

382
197 193 253

1974 120 114
245

226 218 34s 357

1975 138 129
1976 11-I 117
1977 148 140
1978 127 120
1979 124 113

288 279
230 232
283 266
271 241
226 219

450 442
338 336
407 390
410 459
316 319

1980 126 116 243 221 389
1981 123 117

362
220 215 334

19S2 113 114
342

237 229 341 337
1983 117 110 259 247
1984 117

405
110

3e4
233 228 363 361

19B5 117 112 231 22a 367
1966 121 117

355
261 261 394

19e7 107 101
403

204 211 303 310

* FORECASTS WERE VERIFIED WHEN THE TROPICAL CYCLONE INTENSITIES
WERE OVER 35 KT (18 M/SEC) .

** FORECAST POSITIONS NORTH OF. 35 DEGREES NORTH LATITUDE WERE NOT
VERIFIED .

504

400

WESTERN NORTH PACIFIC
FCRBX6T lRAo( E-

72h4u

4611cu

24h0u

..>.

~sdPq
303

100. , I , I

%976 * *78 1960 1902 1984 1986 1968

V’6M6

F@re 5-3. Annual meanfowcast errors(in nm)for a17
**nt tmpidcyclimes in the western*h !l%c@c.

.

.

.
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b. North Indian Ocean Table 5-4 is the forecast along-track and cross-
track error summary for the North Indian

The positions given for warning times Ocean. Table 5-5A contains a summary of the
and those at the 24-, 48-, and 72-hour valid annual mean forecast errors for each year.
times were verified for tropical cyclones in the Table 5-5B includes along-track and cross-track
North Indian Ocean by the same methods used errors for 1987. Forecast errors are plotted in
for the western North Pacific. It should be Figure 5-4 (Seventy-two hour forecast errors
noted that despite the record-setting eight North wire evaluated fo~ the first time in 1979).
Indian Ocean tropical cyclones, these error There were no verifying 72-hour forecast in
statistics should not be taken as representative 1983 and 1985.
of any trend due to the small sample number.

TABLE 5-4. 1987 FORECAST ERROR S UMNARY FOR THE NORTH IND IAN OCEAN
SIGNIFICANT TROPICAL CYCLONES (ERRORS IN Nt4)

INTTIAL POSITION
TROPICAL NUMBER OF
CYCLONES ERROR WARNINGS
TC OIB 23 11
TC 02B 33 12
TC O 3A 62 18
TC 04B 3
TC 05B ;: 14
TC O 6B
TC 07A $; 1:
TC 08B 123 5

NSAN 42 TOTAL 83
.. .. . . ,,, ,.,,

24 -HOUR FORECASTS
.,-

TROPICAL FORECAST ALONG- TRACK CROS S-T~CK
CYCLONE ERROR ERROR ERROR

-S MAG BIAS ASS MAG BIAS
TC OIB 77 42 ** 55 ● *
TC 02B 166 122 ● * 107 **

TC 03A 165 103 -95 116
TC 04B

-117
--- ---- --- ---

TC 05B
---

193 121 ● * 136 **
TC 06B 113 58 97
TC 07A 119 83 -;: 75 -::
TC 08B 192 101 ● * 146 ● *

MEAN ,x ..- 91 ~L.< To,. :0

..48-HOUR FORECASTS

TROP ICAL FORECAST ALONG- TRACK CROSS-TRACK
CYCLONE ERROR ERROR ERROR

ABs t4AG BIAS
TC OIB

ASS MAG B XAS
90 26 ● * S5 ● *

TC 02B 72 ** 52
TC O 3A 183 1;2 57 124 -:;
TC 04B --- --- --- --- ---

TC OSB 541 481 ** 249 **
TC 06B --- --- --- --- ---
TC 0.7A 307 203 ● * 210
TC O’8B

**
--- --- --- --- ---

MSAN 75 T5 = To 71

72-IIOUR FORECASTS

TROPICAL FORECAST ALONG- TRACK CROSS-TRACK
CYCLONE ERROR ERROR ERROR

ASS MAG BIAS
TC OIB

ASS S9AG
254 “’

BIAS
16!5 ● * 192 ● *

TC 02B 72 63 ● * 36 ● *

TC 03A 208 144 -139 118 ● *
TC 04B --- --- --- --- ---
TC OSB 872 526 ** 698 ● *
TC 06B --- --- --- --- ---
TC 07A 421 335 ● * 243 ● *

TC 08B --- --- --- --- ---

MEAN 305 219 -219

9* IF 71WtSSZSS TSN OS LUS cA5X, TMt?.STATISTICAL ?ASNF,TSA BU5 W
MT ~WSD, TliOUAA SACIl STATISTIC WAS IKUJDSD IN THS ?IsALTOTAL.



TM3LF, 5-5A. ANNUAL WEAN FORECAST ERRORS FOR THE NORTH INDIAN OCEAN

24-HOUR
YEAR

48 -HOUR 72-HOUR
FORECAST RIGHT ANGLE FORE-T RIGHT ANGLE FORECAST RIGHT ANGLE

1971* 232 -.
1972*

410 --- --- ---
224 101 292

1973*
112 --- ---

182
1974*

299
137

160 --- ---
;: 238 146 ---

1975
---

145 99
1976

220 144 --- ---
138 108

1977
204 159 --- ---

122 292
1976

214 --- ---
133 %! 202

1979
126 --- ---

151 99 270 202
1960

437
115

371
73 93

1981** 109
167

65 176
126

1::
1982** 138

197
368

73
175 762

1983** 117 :: 153
404

1984**
--- ---

154 71 274 1:: 388
1985** 123

159
51 242

1986
109 --- ---

134 ● &* 168 ***
1987

269 ● **
144 ● ** 205 *** 30s ***

● THE WESTERN BAY OF BENGAL AND ARABIAN SEA WERE NOT INCLUDED IN THE
JTWC AREA OF RBSPONSIBILTY UNTILL THE 1975 TROPICAL CYCLONE SEASKXI .

** THE ~CWIQ~ FOR CALCULATING RIGHT-ANGLE ERRoR WAS REVISED IN 198 1 ;

THEREFORE, A DIRECT CORRELATION IN RIGHT-ANGLE STATISTICS CANNOT BE
MAOE FOR THE ERRORS COWPUTED BEFORE 1981 AND THE ERRORS COMPUTED
SINCE 1981.

*** IN 1986, THE RIGHT-ANGLE ERROR WAS REPLACED BY CROSS-T=K ERROR
(SEE FIGURE !5-1 FOR THE DEFINITION OF CROSS-T*K ERROR) .

L
TABLE !5-5B. 1967 MEAN FORECAST, ALONG-TRACK AND CROSS-TRACK ERRORS

FOR THE NORTH INDIAN OCEAN (ERRORS IN NM) .

FE~~oST
d%%=%

J

CRO~S&~f$ACK

TIMES : ASS MAG BIAS—— — .

24-HOUR 144 91 -71 100 -so

48-HOUR 205 12s -so 140 -91

72 -HOUR 305 219 -219 188 r -63

NonTMNDIM~

72$m

an

2bnn

I*78 1s7b 1s00 1992 1s04 lna ton
VPm8

*

.

F* 5-4. %wafMul?zjbreuw ~ (innm)fmaatlvpidcydimaillh- IndianOcuan.
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c. South Pacific and South Indian Oceans truth data, these error statistics should not be
taken as representative of any trend. Table 5-6

The positions given for warning times is the forecast along-track and cross-track error
and those at the 24-, 48-, and 72-hour valid summary for the Southern Hemisphere. Tables
times were verified for tropical cyclones in the 5-7A and B contains a summary of the annual
Southern Hemisphere by the same methods mean forecast errors for each year. Table 5-8
used for the western North Pacific. It should be includes along- and cross-track errors for 1987.
noted that due to the lack of verifying gmund- Forecast errofi are plotted in Figure 5-5.

TABLE 5-6. 19.97FORECAST ERROR SUMMARY FOR THE SOUTH PACIFIC AND SOUTH INDIAN OCEAN
SIGNIFICANT TROPICAL CYCLONES (SRRORS IN NM)

ITROPICALCYCUJNE

Tc 01s
Tc 02P OSEA
TC 03P PATSY
TC 04P RAJA
Tc 05P SALLY
TC 06s
TC 07S
TC 08P TUSI
TC 09S ALINIWA
TC 10S CONNIE
TC 11P IRMA
X 12S DAMIEN
Tc 13P
Tc 14P UMA
m 15P JASON
‘IV16P VSLX
TC 17S CL0211J)A
TC 18S
‘IT19P
TC 20P WINI
TC 21S DAODO
It 22P YAM
TC 23P KAY
TC 24S
Tc 25P ZU14AN
TC 26S
TC 27P BIAWCHE
Tc 28s

I TOTALS

NO OF
WRNGS

4
6
6
18
16
5
5
9
12
6
3
9
3
8
12
3
10

:
9
25
7
17
8
7
5
7
5

235

INITIAL
POS ER

25
33
42
3s
41
38
24
25
37

i:
35
36
347
27
67
51
11
5
47
47
50
25
35
49
47
22
56

46

NO OF
WRNGS

3
4
4
16
14

:
7
8

:
7
2
6
8
1
7
6
1
6

20
5
12
6
5
3
5
3

172

FCST
ERROR

90
141
160
171
139
203
119
104
188
92
17
138
139
101
120
424
109
147
332
146
les
96

2;
136
161

1:

145

24-HOURS
ALONG-TRACK
ASS MAG BIAS

56
125
67

117
62

119
73
45
124
34
12
62
53

1:
422
61
76
325
122
110
81

1%
86
147
70
106

94

● ☛

●☛

✍✛

-39
●*
●*
**
●*
●*
●*
**
**
●*
●*
●*
●*
●*
●*
●*

-86
●*
-6
●*
**
●*
●*
●*

-57

CROSS-TRACK
AM MAG BIAS

57 ●*
61 ●*

135 ●*
114 0
106 53
155 ●*
80 ●*
86 ●*

111 ●*
80 ●*
12 ●*

111 **
125 +*
55 **
35 ●*
44 **

●*

1% ●*
69 ●*
66 ●*

136 -14
42 ●*

-24
1: **
84 ●*
54 **
48 ●*

132 ●*

90 13

NO OF
WRNGS

1
2.

1:
11

:
5
5

:
5
0
4
2
0
6
4
0
4
18
3
12
4
4
1
5
1

123

FCST
ERROR

196
292
340
333
281
365
194
254
422
201
-—
135
-—
256
369
-—
227
369

286
307
212
166
519
273
344
138
450

280

48-HOUSS
ALONG-TRACK
ASS MAG BIAS

49 ●*
248 ●*
141 ●*
259 -177
248 -129
105 ●*
133 **
75 ●*
220 ●*
58 ●*

— —-
118 ●*
—- —-
199 **
344 ●*
--- —-
151 ●*
140 ●*
--- —-
220 ●*
182 -38
89 ●*
105 1
446 ●*
200 ●*
341 ●*
106 **
374 **

195 -102

CROSS-TSACS
ABS NAG BIA

190 **
145 ●*
296
176 :
97 -24

339 **
138 ●*
236 **
331 ●*
183 ●*
-— -—
49 ●*

-— -—
115 ●*
129 ●*
-- -—
154 ●*
304 ●*
--- ---
146 **
204 0
192
113 -:
174 ●*
163 ●*
46 ●*
77 ●*
250 ●*

161 6

TABLE 5-7A.

YEAR

1981
1982
1983
1984
1985
1986
1987

ANNUAL MEAN FORECAST ERRORS FOR THE SOUTHERN HEMISPHERE

24-HOUR 48-HOUR
FORECAST RIGHT ANGLE FORECAST RIGHT ANGLE

165 119 315 216
144 91 274 174
154 84 288 150
133 73 231 124
138 78 242 133
133 *** 268 ***

145 *** 280 ***
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TABLE 5-7B. 1987 MEAN FORECAST, ALONG-TRACK AND CROSS-TRACK ERRORS

FOR THE SOUTHERN HEMISPHERE (ERRORS IN NM) .

: ALONG-TRACK CROSS-TRACK

FORECAST ERROR ERROR

TIMES : ERROR ABS MAG BIAS ABS MAG BIAS

24-HOUR 145 94 -57 90 13

48-HOUR 280 195 -102 161 6

400

SOUTNPACIFICAND SOUTNINDIANOCEAN
~TTRKX~

48HR

280

24”’~’”
1

1S80 1982 1$84 1we 1988

YEARS

jE@re 5-5. Annudmeanfmecust errons(innm)fordtropicaf
cycl.inuxin theSouth Pacijican.ifSouthIn.dkn oceans.
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2. COMPARISON OF OBJECTIVE TECHNIQUES

a. General

Objective techniques used by JTWC are
divided into five main categories:

(1) extrapolation;

(2) climatological and analog
technique

(3) model output statistics;

(4) dynamic models; and

(5) empirical and analytical
techniques;

In September 1981, JTWC began to
initialize its array of objective forecast
techniques (described below) on the six-hour
old preliminary best track position (an
interpolative process) rather than the forecast
(partially extrapolated) warning position, e.g.
the 0600Z warning is now supported by
objective techniques developed from the 0000Z
pxdiminary best track position. This operational
change has yielded several advantages:

*Techniques can now be requested
much earlier in the warning development time
line, i.e. as soon as the track can be
approximated by one or more fix positions after
the valid time of the pnmious warning

*Receipt of these techniques is virtually
assured prior to the development of the next
warning; and

*Improved (mean) forecast accuracy.
This latter aspect arises because JTWC now has
more reliable approximation of the short-term
tropical cyclone movement. Further, since most
of the objective techniques are biased towards
persistence, this new procedure optimizes their
performance and provides more consistent
guidance on short-term movement, indirectly
yielding a more accurate initial position
estimate as well as lowering 24-hour forecast
errors.

b. Description of Objective Techniques

(l). XTRP -- Forecast positions for
24- and 48-hours are derived fkom the extension
of a straight line which connects the most recent
and 12-hour old preliminary best track
positions.

(2). CLIM -- A climatological aid
providing 24-,48-, and 72-hour tropical cyclone
forecast positions (and intensity changes in the
western North Paciilc) based upon the position
of the tropical cyclone. The output is based
upon data records iiom 1945 to 1981 for the
western North Pacific Ocean and 1900 to 1981
for the North Indian Ocean.

(3). HPAC -- Fo~cast positions are
generated fkom a blend of climatology and
persistence. The 24-,48- and 72-hour positions
axe equally weighted between climatology and
persistence. Persistence is a straight line
extension of a line connecting the current and
12-hour old positions. Climatology is based on
data from 1945 to 1981 for the western North
Pacific Ocean and 1900 to 1981 for the North
Indian Ocean.

(4). TYAN -- An updated analog
program which combines the earlier versions
TYFN 75 and INJAN 74. The program scans a
30-year climatology with a similar history
(within a specified acceptance envelope) to the
current tropical cyclone. For the western North
Pacific Ocean, three forecasts of position and
intensity are provided for 24-, 48-, and 72-
hours: RECR - a weighted mean of all tropical
cyclones which were categorized as “recurving”
during their best track period; STRA - a
weighted mean of all accepted tropical cyclones
which were categorized as moving “straight”
(westward) during their best track period:
TOTL - a weighted mean of all accepted
tropical cyclones, including those used in the
RECR and STRA forecast. For the North
Indian Ocean, a single (total) forecast track is
provided for the 12-hour intervals to 72-hours.
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(5). COSMOS -- A model output
statistics (MOS) routine based on the
geostrophic steering at the 850-,700-, and 500-
mb levels. The steering is derived from the
HATTRACK point advection model run on
Global prognostic fields from the FLENUM-
OCEANCEN’S NOGAPS prediction system.
The MOS forecast is then blended with the 6-
hour past movement to generate the forecast
track.

(6). Colorado State University
Model (CSUM) -- A statistical method
developed Matsumoto (1984) utilizes synoptic
and persistence predictors by discretizing the
forecast timeframe into three 24-hour time
steps. Climatology is incorporated into the
forecast via a stratification scheme based on the
position of the tropical cyclone relative to the
500 mb subtropical ridge. Three sets of
regression equations are used to determine the
north-south and east-west displacements
depending on whether the tropical cyclone is
south, on or north relative to the ridge.

(7). One-way Interactive Tropical
Cyclone Model (OTCM) -- A coarse-mesh,
three-layer in the vertical, primitive equation
model with a 205km grid spacing over a 6400 x
4700 km domain. The model’s fields are
computed around a bogused, digitized cyclone
vortex using FLENUMOCEANCEN’S’ Numer-
ical Variational Analysis (NVA) or NOGAPS
prognostic fields for the specified valid time.
The past motion of the tropical cyclone is
compared to initial steering fields and a bias
correction is computed and applied to the
model. FLENUMOCEANCEN’S NOGAPS
global prognostic fields are used at 12-hour
intervals to update the model’s boundaries. The
resultant forecast positions are derived by
locating the 850 mb vortex at six-hour intervals
to 72-hours.

(8). TAPT -- An empirical
technique which utilizes upper-tropospheric
wind fields to estimate acceleration associated
with the tropical cyclone’s interaction with the
mid-latitude westerlies. It includes guidelines
for the duration of acceleration, upper-limits,
and probable path of the cyclone.

(9). CLIPER -- A statistical

regression technique based on climatology,
cment intensity, position and past movement.
This technique is used as a crude measure of
real forecast skill when verifying forecast
accuracy.

(10). THETA-E -- An empirically
derived relationship between a tropical
cyclone’s minimum sea-level pressure (MSLP) ‘
and 700 mb equivalent potential temperature
(Theta-E) was developed by Sikora (1976) and
Dunnavan (1981). By monitoring MSLP and
trends, the forecaster can evaluate the potential
for sudden, rapid deepening of a tropical
cyclone.

(1 1). WIND RADIUS -- Following
an analytical model of the radial profiles of sea-
level pressures and winds in mature tropical
cyclones (Holland, 1980), a set of radii for 30-,
50-, and 100-knot winds based on the tropical
cyclone’s maximum winds have been produced
to aid the forecaster in determining forecast
wind radii.

(12). DVOlU4K -- An estimation of
tropical cyclone’s current and 24-hour forecast
intensity is made fkom interpolation of satellite
imagery (DVORAK, 1984) and provided to the
forecaster. These intensity estimates are used in
conjunction with other intensity-related data and
trends to forecast tropical cyclone intensity..

JTWC uses HPAC, TAPT, TYAN78,
COSMOS, OTCM and CSUM operationally to
&velop track forecasts.

c. Testing and Results

A comparison of selected techniques is
included in Table 5-8 for all western North
Pacific tropical cyclones, Table 5-9 for all
North Indian Ocean tropical cyclones. In these
tables, “ x-axis “ refers to techniques listed ver-
tically. For example (Table 5-8) in the 507
cases available for a (homogeneous) com- .
parison, the average forecast error at 24-hours
was 118 nm (219 km) for TOTL and 120 nm
(222 km) for RECR. The difference of 2 nm (4
km) is shown in the lower right. (Differences -
are not always exact, due to computational
round-off which occurs for each of the cases
available for comparison).
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TASLE 5-9. 19S7 ERROR STATISTICS FOR SELSCTED OBJECTIVE TECNWIQUES IN TX2 NORTH INDIAN OCEAN

24-HOUR 3i5AW FORECAST ERROR (NM)

JTWc OTCM Csuw TOTL K?AC CLIM XTRF

JTWC 54
144

O’scu 38
152

Csuw 37
239

TOTL 10

176

SFAC 38
140

CLIM 38
172

144
0

130

22

130
109

13 e
3B

i30
10

130
42

45
158

44
246

12
130

45
13a

45
172

158.
0

155
91

120
38

158
-20

158
14

wd%

44 246 ~—
246 0 (V-4

11 199 12 150
153 -46 158 0

44 246 12 15s 45 138 45 1? 2
170 -76 165 7 172 34 172 0

XTRF 38 130 45 158 44 246 12 158 45 138 -45 172 45 141
137 7 141 -17 140 -1o6 150 -8 141 3 141 -31 141 0

48-HOUR MEAN FORSCAST ERROA CN14)

.JTWc OTCM Csun TOTL SPAC CLIM XTRP

J= 25 205
205 0

0TCt4 9 220 26 419

450 230 419 0

Cson 10 217 25 413 28 4al =

468 251 477 64 401 0

TOTL 2 102 7 216 6 395 -1 3ae

399 297 3ee 172 379 -16 3ee o

NFAC 11 209 26 419 2e 4s1 “7 3e 8 29 310
304 95 307 -112 309 -172 346 -42 310 0

CLIU 11 209 26 41e 2e abl 7 3ee 29 310 29 322
376 167 314 -105 31e -163 32S -63 322 12 922 0

XTRF 11 209 26 419 2e 4el 7 3ee 29 310 29 322 29 330
265 56 330 -e9 330 -151 391 3 330 20 330 ● 330 0

72-BWR N2AN FORECAST 39ROR (1414J

Jnrc OTcN Csun TOTL MPAC CLIH . XTRF

3TUC 21 305

305 0

OTCN 4 505 10 777

629 124 777 0

CSU?4 6 4e 1 10 777 12 729
723 242 7’42 -3s 729 4?

TOTL o 0 1 72 1 203 1 339
0 0 339 267 339 136 339 0

W9AC 7 440 10 777 12 729 1 339 13 425
356 -84 426 -351 412 -317 545 206 425 0

cLIM -) 440 10 777 12 729 1 339 13 42s 13 254
169 -251 242 -s35 223 -506 305 46 254 -171 2S4 o

XTRP 7 440 10 777 12 729 1 339 13 42S 13 2S4 13 637

572 132 656 -121 641 -ee 706 367 637 212 637 303 637 0

.
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TABLE 5-10. 1987 ERROR STATISTICS FOR SELECTED OBJECTIVE TECHNIQUES IN THE SOUTHERN HEMISPHERE

JTWC

oTc14

TOTL

HPAC

CLIM

xTRP

JTWC

OTCM

TOTL

HPAc

CLIM

XTRP

OTCM

TOTL

HPAC

CLIM

XTRP

JTWC

172 145

145 0

100 141

138 -3

78 135

202 67

71 130
124 -6

71 130
168 38

99 137
146 11

JTWC

123 280
2s0 o

71 263
298 15

58 271
330 59

.51 264
21 B -46

51 264
291 27

69 279
300 21

OTCM

49 490
490 0

36 478
373 -105

26 446
299 -147

26 446
391 -5s

38 459
460 1

111 136
136 0

80 129
166 37

73 126
119 -7

73 126
164 38

99 137
133 -4

82 287
287 0

60 274
283 9

52 2?0
218 -52

52 270
26a 18

71 279
278 -1

TOTL

41 359
359 0

31 336
287 -49

31 336
385 49

32 335
359 24

24-HOUR MEAN FORECAST ERROR (NM)

TOTL

TQTL

se 194
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70 126
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70 126
165 39

78 203
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65 319
319 0

50 240
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282 0
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386 104
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370 88

HPAC CLI14 XTRP
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81 126 al 171
171 45 171 0
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118 -8 118 -53 146 0

48-HOUR NEAN FORECAST ERROR (NM)

HPAC

60 215
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60 215
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60 215
247 32

CLIM XTRP

60 287
287 0

60 287 a4 304
247 -40 304 0
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3a6 o

35 3a6 51 5oa
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CHAPTER VI - TROPICAL CYCLONE SUPPORT SUMMARY

1. NAVAL ENVIRONMENTAL PREDICTION RESEARCH FACILITY

The Pocket Tropical Cyclone Model
(PTCM)

(Evans, J.L., Monash University, Australia and
J.H. Chu, NAVENVPREDRSCHFAC)

PTCM is a linear tropical cyclone
motion prediction scheme incorporating the
effects of a large-scale environmental flow and
the beta-effect. The model is based on the
equations developed by Holland (1983) and has
been operational in a modified form in the
Australian region for a number of years. The
current version of the model has been developed
by Evans and Holland to be a purely objective
forecasting tool, and is presently undergoing
operational testing in the Australian region.

PTCM is being incorporated in the
NEPRF ATCF system and a series of case
studies are planned to test its effectiveness in
the Northwest Pacific region. In addition, the
model will be expanded to include additional
terms for diagnosis of tropical cyclone motions.

THE ADVANCED TROPICAL
CYCLONE MODEL (ATCM)

(Wdur, R.M., NAVENVPREDRSCHFAC)

The Advanced Tropical Cyclone Model
(ATCM) was installed at the Fleet Numerical
Oceanography Center in 1987 for evaluation by
JTWC forecasters. Although testing in 1986
indicated that the ATCM could perform better
than the OTCM, these results wem not obtained
during real-time runs during the 1987 season.
In particular, the ATCM demonstrated a large
right bias and nearly always weakened the
storms with time. These effects were
particularly noticeable in the ATCM forecasts
of Typhoon Lynn in October, 1987.

Experiments are being performed to
isolate the reason(s) for these ATCM forecast
errors. A new version of the ATCM has been
developed which incorporates some of the
features of NOGAPS 3.0. These include a 15-

level optimum interpolation analysis and an
increase in the number of model levels from 12
to 21 in order to include a high resolution
planetary boundary layer. In addition, the
cumulus parametrization has been modif3ed so
that the ATCM can maintain the tropical storm
circulation during the forecast. Also, sensitivity
experiments are being conducted to fmd the best
structure of the initial bogus and to study the
effect of increasing the horizontal resolution.

Navy Tactical Applications Guide
(NTAG), Vol. 6

(Fett, R.W., NAVENVPREDRSCHFAC)

An effort is now underway to develop a
series of examples demonstrating the use of
high quality satellite data for analysis and
forecasting in the tropics. Both polar orbital
and geostationary satellite data are used to study
the evolution of certain weather effects or of a
particular weather phenomenon at a given time.
These examples are intended for publishing in
the NTAG Volume 6, Part I, Tro~ical Weather
Analvsis and Forecast Armlications, and
Volume 6, Part II, Tror)ical Cvc lone Weather
Analvsis and Forecast Atmlications. NTAG
Volume 6, Part I was distributed in June 1986.
Part II is still in the research process.
Publication is anticipated in 1988/89.

Tropical Cyclone Condition Setting Aid
for Sasebo and Iwakuni, Japan

(Jarrell, J.D.~~~pplnntematioml

A forecast aid has been developed for
predicting tropical cyclone associated winds at
Sasebo and Iwakuni, Japan. The aid consists of
two parts. The fmt part is a collection of charts
which relate winds observed at the two stations
to the maximum sustained winds at the center of
a tropical cyclone as a function of cyclone
locations. The second part of the aid is a
collection of diagrams which estimate the worst
case arrival time of 50-kt winds.
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Improvements to Combined Confidence
Rating System

Harry Hamilton (ST Systems, Monterey, CA)

The Combined Cordldence Rating Sys-
tem (CCRS) has been improved via a redesign
of its weighting function. The new weighting
function is derived from the following: the
inverse of a covariance matrix which is a
combination of the historical cross-track and
along-track covariance matrices, and the
objective aid forecasts. The weights are
generated as follows:

a. Let Qx and Qy be the cross-track and
along-track covariance matrices, respectively.
The desired combination of these two, Q, is
equal to Qx + aQy, where a has been

determined empirically to be 0.25.

aid, and expedite the issuance of tropical
cyclone warnings. One great advantage of
using ATCF is the standardization of the
tropical cyclone forecasting procedure, so that
during the course of the tropical cyclone
warning preparation, forecasters will not neglect
consideration of any decisional steps or .
available options. ATCF automatically saves
all tropical cyclone data, computes the real-time
and post-storm SWtiStiCS,and allows forecasters
to randomly access any past storm data. A
communication package included in ATCF
simplifies the data transfer procedure between
JTWC and Fleet Numerical Oceanography
Center in Monterey, CA.

The ATCF will be installed at JTWC in
January 1988 for test and evaluation.
Modifications on the system will be followed to
make the system be compatible with the design
of the JTWC Automation Project.

b. The weight for each available
objective forecast tec%nique is the sum of all North Pacific Tropical Cyclone
terms of the relevant technique divided by the Climatology
sum of all terms of Q-1. The sum of the ~
weights for all available objective techniques (Miller, R.J. and T.L. Tsui,
must equal 1.0. NAVENVPREDRSCHFAC)

The Combined Confidence Weighted
Forecast (CCWF) is generated for JTWC by
summing the selected objective forecasts used
in the calculations.

Automated Tropical Cyclone
Forecasting System

(Tsui, T.L., Miller, R.J., and A.J. Schrader,
NAVENVPREDRSCHFAC)

The Automated Tropical Cyclone
Forecasting (ATCF) system is an IBM PC
compatible software package currently being
developed for the Joint Typhoon Warning
Center (JTWC). ATCF is designed to allow
JTWC forecasters to display graphically tropical
cyclone forecast information, merge and
analyze synoptic wind fields, provide objective
fix guidance, select optimum objective forecast

A tropical cyclone climatology for the
North Pacific has been developed and now is
being reviewed by EGPACOM. Data used fa
the western basin were taken from the JTWC
Tropical Cyclone Data Base and covered a
periodof 40 years, 1945-84. Eastern basin data
spanned the 34-year period horn 1949 to 1982
and were obtained horn the consolidated world-
wide tropical cyclone data base at National
Climatic Data Center, Asheville, N.C. Storms
for both basins were sorted according to
month./day of the year into twenty four 3 l-day
overlapping periods. For each period, four
charts are supplied: 1) actual storm paths; 2)
mean storm paths; 3) average storm spe@ and
4) storm constancy and fkequency. .

JTWC has evaluated and offered
suggestions for modifications of the clirna- -
tology. The final version of the compilation
should be completed in March 1988.
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EOF Post-Processing Forecast recognizes the salient patterns of large-scale
Technique horizontal wind fields with respect to the center

of a tropical cyclone. This information, in
(Tsui, T.L. and J.H. Chu, terms of the EOFcoefflcients, will be used to

NAVENVPREDRSCHFAC) modify the tropical cyclone track forecasts
produced by the numerical models. The skill of

NEPRF is adapting the Empirical this method is derived from the regression
Orthogonal Function (EOF) post-processing equations between the EOF coefficients and the
tropical cyclone forecast scheme developed by forecast tracks of the One-way Tropical
Naval Postgraduate School (NPS) on the Fleet Cyclone Model (OTCM) in the western North
Numerical Oceanography Center computer Pacific during the period ffom 1979 to 1983.
system. The NPS EOF technique objectively

2. JOINT TYPHOON WARNING CENTER

Joint Typhoon Warning Center
Automation Project (JTWC-AP)

LT Brian J. Williams, USN, Typoon Duty
Officer, JTWC Automation Officer.

A comprehensive effort is currently
underway to provide JTWC with state-of-the-
art, automated tools to aid the Typhoon Duty
Officer (TDO) in the collection, presentation,
and analysis of data. These tools will also
streamline the production of the warning
messages and provide decision-making aids for
the TDO. Automation of JTWC will take place
in two phases. The first phase is the
implementation in January 1988 of the
Automated Tropical Cyclone Forecasting
system (ATCF). The ATCF consists of a
“suite” of program modules designed to run on
IBM-AT compatible microcomputers. The
concept and design of the ATCF (described
above by Dr. Tsui and Mr. Miller) is a
cooperative effort between NEPRF and JTWC.
The second phase of automation will be the
implementation of the more comprehensive
JTWC-AP in FY 89. The JTWC-AP will
integrate features of the ATCF with a more
complete advanced data base archival and
retrieval system, satellite imagery looping,
overlay, and increased emphasis on expert
systems that make the TDO’S watch routine
more efficient and effective.

The hardware suite that will run the
ATCF programs (described above by Dr. Tsui
and Mr. Ron Miller) has five workstations con-
nected by a file server network to share com-
mon data files (see Figure 6-1). A dedicated

terminal will provide the send/receive interface
with the Automated Weather Network (AWN).
Numerical forecast @is, FNOC analyses and
prognostic fields, as well as near-real time
synoptic data (as a back-tip to the AWN) will be
received via remote requests over the TYMNET
public data network. The TYMNET connects
the JTWC microcomputers to FNOC main-
frames. Outgoing messages to customers
without access to AWN are inserted into the
AUTODIN system via paper tape sent to the
local Navy Telecommunications Command
Center (NTCC). The ATCF software and
hardware implementation represents the first
step toward automation of JTWC.

A major feature of the future J’I?WC-Al?
will be the reference roster data base. This
data base will contain critical data about
customers in JTWC’S AOR. It will include
storm haven information, telephone points-of-
contact, notification criteria for threatened
customers, geographical information, local area
forecasting rules of thumb, weather reporting
station locations, etc. Whenever a customer is
threatened, the reference roster will
automatically prompt the TDO with customer-
specific information. JTWC is currently
working to compile the data reference roster for
the JTWC-AP project manager. The reference
roster will be easily edited to add or delete
information as conditions change. This feature
should significantly immove the level of
~~ to JTWC’S customers.

Another important feature of the JTWC-
AP is a training or playback mode which will
call up archived data to realistically recreate
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previous forecast scenarios. This will be
possible due to the integration of satellite
imagery, numerical analyses, prognostic fields,
and “raw” data into one data base “tagged” by
time, geography, or event (e, g., a tropical
cyclone). This feature will provide the ability to
display, analyze and recreate the timing of
receipt of all data that was available for a past
storm. This will allow a controlled training
environment, especially in the off-season, as
well as an outstanding tool for forecast “bust”
reviews. In addition, this function will provide
a complete and rich data base for post-analysis,

Future plans for the JTWC-AP include
the implementation of decision-making aids
(such as decision trees developed at the Naval
Postgraduate School) and expert systems to aid
in forecasting genesis, motion, intensity and
dissipation. The JTWC-AP will provide a
comprehensive real-time and archived troDic~
Svc lone data bas e as well as the tools to
manipulate data. This system is expected to
tismificantlv imnrove JTWC’s oDerat ona~.

_ while providing ~ excellent me~s for
studying, Improving, and “free tuning” tropical
cyclone forecasting methods and operational

case studies, and other research. procedures. -
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ANNEX A

1. GENERAL
Due to the rapid growth of the use of

microcomputers in the meteorological
community and to save publishing costs,
tropical cyclone track data (with best track,
initial warning, 24-, 48- and 72-hour JTWC
forecasts) and fix data (satellite, aircraft, radar
and synoptic) are now available separately upon
request. The data will be available in ASCII
format on 5.25 inch “floppy” diskettes. The
data sets are available on four diskettes, which
include the western North Pacific and North
Indian Ocean (1 January -31 December 1987)

2. WARNING VERIFICATION
STATISTICS

a. WESTERN NORTH PACIFIC

This section includes verification
statistics for each warning in the western North

on two and the South Paciilc and South Indian
Oceans (1 July 1986-30 June 1987) on the
other two. Agencies or individuals desiring
these data sets should send the appropriate
number of “floppy” diskettes (four if both data
sets are desired, two if only one desired) to
NAVOCEANCOMCEN/JTWC Guam with
their request. When the request is receive~ the
data will be copied onto your diskettes and
returned with an explanation of the data
formats. The use of floppy diskettes should
facilitate the transfer of these rather large data
files into your computer.

Pacific Ocean during 1987. Pre- and post-
warning best track positions are not printed, but
am available on floppy diskettes by request.

JTm EwEuisT TRAmc ANDxN1’mLsITr mRcus BYlwwINc

‘$!@ooQ Ordaid (OIW) QQhz9h4h22h—-

Q2E
87010812
87010818
87010900
87010906
87010912
87010918
87011000
87011006
87011012
87011018
87011100
87011106
87011112
87011118
87011200
87011206
87011212
87011218
87011300
87011306
87011312
87011318
87011400

u
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

Average 17 91 158 234
# Csses 23 19 15 11

HLLu BzxQtl EQaEBz!LEEM_EB ZLEE
7.2N 150.6E
7.2N 150.OE
7.3N 149.2E
7.5N 148.OE
7.9N 146.5E
8.4N 144.9E
8.8N 143.4E
9.2N 141.9E
9.7N 140.4E
10.ON 139.lE
10.2N 137.9E
10.5N 136.8E
10.8N 135.8E
10.9N 134.9E
11.lN 134.OE
11.4N 133.3E
11.7N 132.7E
11.7N 132.2E
11.3N 131.6E
10.8N 131.lE
10.lN 130.7E
8.7N 130.4E
6.8N 129.9E

37.7
65.7

6
18.8
13.4
29.8
13.3
29.7
5.9
13.4
5.9
8.4
6

5.9
6
6
0

21.3
0

13.4
12

78.9
13.4

37.6 126.7
53.6 130.7
152.2 252.5
191.9 266.9
119.5 139.2
101.6 89
49.4 60.9
26.5 47.4
50.4 151.1
75.6 187
11.8 93.5
12 79.9

35.8 159.7
70.7 260.1
34.5 331.8
91.1 N/A
165.8 N/A
267.5 N/A
192.8 N/A
N/A N/A
WA WA
N/A WA
N/A N/A

204.5
168.2
242.1
206.2
144

106-7
147.2
207

330.5
430

390.8
N/A
N/A
NIA
N/A
N/A
N/A
NIA
N/A
N/A
NIA
N/A
N/A

35
35
40
40
45
50
55
65
75
85
95
90
80
70
60
60
65
60
50
45
40
35
30

-lo
-5
-5
-5
-5
-lo
-5
-5

-lo
-15
-5
10
20
25
10
10
0
0
5
5
5
5
0

-5
-lo
-lo
-20
-25
-35
-25
-lo
5
20
45
50
35
20
0
5
5
5
5

N/A
N/A
N/A
N/A

-4A.xEZ_ME
-25
-35
-40
-35
-20
-lo
20
25
20
25
40
55
45
35
5

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

-20
-lo
5
5
5
10
40
40
25
25
40

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

183



==sd storm Percy (02W) !x?hahallzh
Average 19 69 116 206
# Cases 9 8 4 4

RzG
87041100
87041106
87041112
87041118
87041200
87041206
87041212
87041218
87041300

I/4
1
2
3
4
5
6
7
8
9

9.3N
9.8N

10.3N
10.6N
10.8N
11.ON
11.2N
11.4N
11.8N

Tro’pio81stoa=Ruth (03W)

JUG I!uBluw

BT_Ls?Nz!Q&Ea
142.9E 8.4
142.4E 24
140.7E 59.3
141.OE 18.9
140.2E 18
139.3E 13.4
138.4E 11.8
137.7E 6
137.3E 16.8

QQh
Average 13

# Cases 6

ETLKNE!22ER

?4 m
43

81.5
85.8
70.6
51.2
50.2
67

102.6
N/A

ah
141
3

48 ~
92.5
30.6
152.1
191.8
N/A
N/A
N/A
N/A
N/A

m
N/A

o

163
100.6
279.8
280.2
N/A
N/A
N/A
N/A
N/A

Z2h
N/A

o

40
40
35
30
30
25
25
25
25

87061800 1 19.2N 114.6E 33 168.4 WA N/A

87061806 2 19.7N 114.2E O 120.9 NIA WA

87061812 3 20.3N 113.7E 8.2 133.7 N/A N/A

87061818 4 20.8N 112.8E 11.2 N/A N/A N/A
87061900 5 21.3N 111.8E 12.7 N/A N/A N/A
87061906 6 21.9N 11O.8E 13.2 N/A N/A N/A

~-=w (04W) QQh24h A3h12h

12m
87062700
87062706
87062712
87062718
87062800
87062806
87062812
87062818
87062900
87062906
87062912
87062918
87063000
87063006
87063012
87063018
87070100
87070106

Average 16 119 242 421
# Cases 18 15 12 9

W BxJlu BZLS?NK?!%E8 zLEB3f!_EB J!LER
1 12.5N 137.4E
2
3
4
5
6
7
8
9

10
11
12
13

L4
15
16
17
18

13.ON
13.3N
13.8N
14.3N
14.9N
15.6N
16.4N
17.3N
18.3N
19.4N
20.m
22.ON
23.3N
24.9N
26.7N
28.3N
29.8N

136.7E
136.2E
135.8E
135.3E
135.OE
134.6E
134.2E
133.9E
133.4E
132.8E
132.OE
131.5E
131.3E
131.4E
131.7E
132.6E
134.6E

*O
16.8
42.4
55.4

6
0
13
12
8.3

29:1
20.8
32.9
11.1
20.4
5.4

6
8

16.7

18.4
53.3
71

45.7
75.6
101

117.8
117.5
165

191.6
137.4
128.9
203.8
154.5
212.1
WA
N/A
N/A

68.2
59

57.9
108.2
270.1
306.7
293.1
276.4
309.5
336

349.4
472
N/A
N/A
N/A
N/A
N/A
N/A

282.2
270.3
269.7
320.8
480.1
517

505.9
562.5
583.5
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

30
30
30
35
30
25

35
45
45
55
65
65
70
75
75
70
65
65
60
55
55
45
40
35

0
0
5
10
0
5
5
5
5

0
0
0
0
0
0

0
-5
0

-5
0
5
0
0
0
0
0
0
0
0

-5
-5
0
0

74 ~1
20
20
15
10
0
0
5
0

N/A

74 WE
5
15
5

N/A
N/A
N/A

-lo
-5
-5
-5
15
25
25
30
5
5
0
10
10
10
5

N/A
N/A
N/A

98 WE
25
25
15
10

N/A
N/A
N/A
N/A
NIA

72 ~
30
30
5
5

N/A
N/A
N/A
N/A
N/A

9i!J?E2a?E
N/A N/A
N/A N/A
N/A N/A
N/A N/A
N/A N/A
N/A N/A

A.8-wJzz2sm
o

10
20
25
55
60
60
75
20
20
15
20

N/A
N/A
N/A
N/A
N/A
N/A

35
45
45
55
90
95
95

100
25

NIA
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A



Lm
87070718
87070800
87070806
87070812
87070818
87070900
87070906
87070912
87070918
87071000
87071006
87071012
87071018
87071100
87071106
87071112
87071118
87071200
87071206
87071212
87071218
87071300
87071306
87071312
87071318
87071400
87071406
87071412
87071418
87071500
87071506
87071512
87071518
87071600

N.#
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

13.ON
13.9N
14.5N
14.6N
15.ON
15.6N
16.2N
16.5N
16.7N
17.ON
17.3N
17.7N
17.8N
17.9N
17.9N
17.8N
17.6N
17.6N
17.9N
18.5N
19.2N
19.9N
20.9N
22.lN
23.4N
24.7N
25.9N
27.4N
28.6N
29.9N
31.9N
34.4N
36.8N
39.ON

Average 18
# Ceses 34

m-J.QNEQLER
149.5E 84.8
148.9E 43.6
147.4E 58.4
145.5E 37.6
143.8E 34.1

142.3E 18.9
141.OE 8.3
139.7E 13.3
138.3E 11.5
136.9E 6
135.4E 18.9
134.OE 8.3
132.5E 6
131.2E o
129.9E 18

128.8E 8.3
128.OE 16.6
127.3E 6
126.8E 18.9
126.6E 8.3
126.4E 29.4
126.2E 8.2
126.OE 18.9
125.6E 12.6
125.3E 17.6
125.2E 6
124.9E o
124.8E 8
125.OE 8
125.5E 12
126.3E 13
127.2E 24
128.2E 30
129.4E 101.3

146
31

238.2
263.3
280.1
202.8
8.3

139.9
162.4
109.6
127.8
116.8
165.2
181.4
158.6
192.1
122.7
123.3
104.9
163.5
222.7
141.3
190
92.3
67.1
47.1
74

62.7
54.9
102.1
186.1
228.2
219.7
N/A
N/A
NIA

311
28

48 R
352.7
401
510

462.2
128.1
318.5
357.8
336.4
250.1
271.7
292.1
324

269.6
276.8
168.2
189

188.2
421.1
485.7
382.1
418.3
192.6
196.9
217.8
308

354.2
312

346.4
N/A
N/A
N/A
N/A
N/A
WA

479
24

402.6
491.1
995.5
864.3
350.8
636.9
615.1
529.5
187.5
234.3
258.2
288.5
195.4
147.6
108.5
212.4
307

675.7
820.2
762.7
857.9
540.2
497.6
524.5
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
NIA
N/A

Averege 33 119 180 224
# Ceses 21 18 14 10

87071618
87071700
87071706
87071712
87071718
87071800
87071806
87071812
87071818
87071900
87071906
87071912

w
1
2
3
4
5
6
7
8
9

10
11
12

12.lN
12.2N
12.2N
12.3N
12.7N
13.lN
13.6N
14.lN
15.ON
15.9N
16.9N
18.ON

BzJm EQ&EB
137.5E 11.7
135.3E 54.1
133.lE 18.6
131.OE 42.6
129.7E 16.8
128.9E 94.2
128.5E 112.3
128.lE 34.2
127.5E 58
126.7E 23.9
125.9E 42
125.3E 12

82.2
42.9
66.6
153.1
181.1
279.7
212

139.2
140.9
125

103.4
84.7

125.9
151

160.9
188.8
216.2
280.9
207.6
151.2
159.8
234.0
214.5
81.4

282.5
209.5
207.6
152.8
162.6
196.1
219.4
112.7
260.9
442.9
N/A
NIA

30
30
30
35
40
45
50
60
70
80
85
90
100
110
120
130
125
120
120
115
105
95
90
90
90
90
90
90
85
80
80
70
55
40

30
30
35
35
35
35
40
45
50
55
60
65

0
0
0

-5
-lo
5
0

-5
-15
0
0
0
-5
-5
-lo
-lo
-5
0

-5
-lo
-5
-5
-5
-15
-15
-5
-5
-5
-5
0

-5
0
5
-5

0
0

-5
-5
-5
-5
-lo
-5
-lo
0
0
0

0
-5
0

-20
-25
-20
-25
-25
-35
-lo
-15
-25
-5
10
10
25
15
15
15
5
0

-lo
-15
-25
-25
-lo
-lo
-5
5
30
20

N/A
N/A
N/A

10
10
5
5
0

-lo
-20
-lo
-lo

0
10
20

48 W,
-30
-30
-30
-40
-45
-45
-55
-55
-55
-5
-5
0

30
30
35
45
20
15
10
-5
-5
-lo
-15
-15
-5
15
20
20

N/A
N/A
N/A
N/A
N/A
N/A

10
5
0

-5
-5
-lo
-15
10
10
25
35
50

72 WE
-25
-45
-70
-80
-60
-55
-60
-45
-25
30
35
35
40
25
30
25
10
20
15
5
20
20
15
10

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

-15
-15
-lo
10
10
15
5
25
30
60

N/A
NIA



87071918 13 18.7N 124.7E 24.8 75.7 128.8 N/A 65 - ‘- ““ ‘-’-
87072000
87072006
87072012
87072018
87072100
87072106
87072112
87072118

14
15
16
17
18
19
20
21

Ins
87072206
87072212
87072218
87072300
870’?2306
87072312
87072318
87072400
87072406
87072412
87072418
87072500
87072506
87072512
87072518
87072600
87072606
87072612
87072618
87072700
87072706
87072712
87072718
87072800
87072806
87072812
87072818
87072900
87072906
87072912
87072918
87073000
87073006
87073012
87073018
87073100
87073106
87073112
87073118
87080100

m
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

19.3N
20.lN
21.lN
22.ON
23.lN
24.6N
26.ON
27.3N

124.2E
123.5E
123.OE
122.5E
122.2E
121.8E
121.6E
121.6E

5.7
12.8
16.4
20.6
8.2

32.4
36.9
22.1

QQh

73.9 217.1
101.5 N/A
116.1 N/A
110.1 NIA
66.8 N/A
N/A N/A
N/A N/A
N/A N/A

mm

N/A
N/A
N/A
N/A
N/A
N/A
NIA
N/A

Z2h

65
60
55
55
50
45
35
30

Average 16 107 218 332

# Cases 40 36 30 30

m-LAz ELLL?NBXLEB ZLER XLEB ZLERBIMN
10.1N 168.8E
10.7N 167.5E

10.9N 165.8E
10.8N 164.2E
10.8N 162.4E
11.2N 160.7E
11.6N 159.2E
12.lN 157.6E
12.8N 156.2E
13.6N 154.7E
14.2N 153.lE
15.ON 151.5E
15.7N 150.OE
16.4N 148.4E
17.lN 146.8E
17.8N 145.3E
18.4N 143.7E
18.9N 142.OE
19.4N 140.7E
20.ON 139.3E
20.6N 138.lE
21.3N 136.8E
22.lN 135.7E
23.ON 134.7E
23.9N 133.9E
24.8N 133.2E
25.7N 132.6E
26.8N 132.3E
27.9N 132.lE
29.4N 132.4E
30.7N 133.lE
31.7N 134.3E
32.2N 135.9E
32.2N 138.3E
32.3N 140.8E
32.3N 143.lE
32.5N 145.5E
32.6N 147.8E
32.7N 150.2E
33.6N 152.2E

72
38

30.6
30.1
18.9
30.6
18.9
8.4
0
18

37.7
13.1
26
13

18.9
17.1
11.4

6
11.3
5.6
5.6
“5.6

o
12

16.3
13.2
5.4
5.4

6
26.2
12
7.9
16.4

6
7.9
7.9
16.3
7.8

20.2
24

43
90.8
60.8
25.2
120.7
144.4
129.7

96
126

115.3
132.1
144.1
151
85.2
79.6
83.1
68.8
81.7
86.6
27.6
52.6
64.6
44.9
76.1
99.6
97.3
86.4
56.5
144.5
186.8
206.7
238.5
265.1
100.3
117.9
132.8
N/A
N/A
N/A
N/A

115.7
83.7
176.4
195.1
277.8
289.9
287.4
216

234.3
225.6
254.3
255.1
163.6
142.8
172.5
210.7
154.4
200

198.5
109.9
126.5
142.9
123.3
237.3
285.8
312.1
314.3
248

397.1
417.4
N/A
N/A
N/A
N/A
N/h
N/A
N/A
N/A
N/A
N/A

272.6
246.9
366.8
362.8
475.5
435.2
410.4
294.1
318.8
367.1
402.2
284.5
192.9
218.4
249.2
402.7
248.8
261.4
229.3
161.4
115.8
105.9
172.4
483.2
557.3
575.6
545.7
364.1
461.5
406.4
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

45
45
45
50
50
55
60
65
70
75
85
95
105
110
115
120
125
125
120
115
115
120
115
110
110
105
100
95
85
75
65
50
55
60
60
55
50
45
45
45

u
o
5
0
0
5
5
5
0

-5
-5
0
0
0
-5
-5
-5
-5
-5
0
0
0
-5
-5
0
0
0
0
0
-5
-lo
-5
5
5
10
15
15
20
15
10
10
5
0
0
0
0

-5
-lo
-15

4U
15
15
20
25
30

N/A
N/A
N/A

24 W,
o

-5
-5
-5
-lo
-5

-15
-25
-30
-20
-lo
-lo
-5
-5
0
5
5
0
0

-15
-20
-lo
-5
15
25
35
35
40
30
10

-15
-15
-15
-5
-5
-lo
N/A
NIA
N/A
NIA

33 N/A

35 N/A
N/A N/A
N/A N/A
N/A N/A
N/A N/A
N/A N/A
N/A N/A
N/A N/A

49XEZZJE
-lo
-15
-20
-25
-40
-35
-40
-30
-30
-lo
0
5
5
0
0
-5
-5
-5
0

-20
-lo

5
15
50
45
35
25
15
15
10

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

-30
-35
-35
-40
-60
-45
-35
-5
0
5

15
10
5
10
5
-5
5
10
15
15
5
5
s
35
40
35
25
5
5
10

N/A
N/A
N/A
NIA
N/A
N/A
WA
N/A
NIA
N/A



‘&#== Alax (08U) QQh29h Mh12h

QxG
87072300
87072306
87072312
87072318
87072400
87072406
87072412
87072418
87072500
87072506
87072512
87072518
87072600
87072606
87072612
87072618
87072700
87072706
87072712
87072718
87072800
87072806

Average 15 111 204 330
# Cases 22 20 16 12

M.# BzLliz B!LLQNML.EB M_lBAf!_ER ZLER
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

10.3N
10.6N
10.9N
11.7N
12.7N
13.9N
14.9N
15.7N
16.5N
17.5N
18.4N
19.4N
20.3N
21.4N
22.6N
23.8N
25.2N
26.5N
27.8N
29.2N
30.7N
32.2N

134.4E
132.9E
131.3E
130.lE
129.3E
128.9E
128.lE
127.lE
126.OE
125.lE
124.4E
123.7E
123.OE
1Z2.6E
122.3E
122.lE
121.7E
121.OE
120.7E
120.7E
120.8E
121.lE

Average
# Cases

6
6

18.9
13.4
48.4
13.3
8.3
13

34.6
47.3
8.3
5.7
11.3
8.2
12
6
0

26.3
16

16.8
12

19.4

m
7

32

DIG
87080900
87080906
87080912
87080918
87081000
87081006
87081012
87081018
87081100
87081106
87081112
87081118
87081200
87081206
87081212
87081218
87081300
87081306
87081312
87081318
87081400
87081406
87081412
87081418

m
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

10.2N
10.4N
10.7N
10.9N
11.3N
11.6N
11.9N
12.lN
12.2N
12.2N
12.2N
12.3N
12.4N
12.7N
12.9N
13.3N
13.7N
14.lN
14.4N
14.8N
15.3N
15.7N
15.8N
15.8N

BT-IQNEQ&ER
132.2E 6
132.lE 13.2
131.9E 5.9
131.8E 13.4
131.7E 5.9
131.6E 8.4
131.m 5.9
130.4E o
129.6E 5.9
128.6E 8.4
127.6E 8.4
126.5E o
125.5E o
124.2E 16.8
122.9E 11.’7
121.7E 8.4
120.5E 5.8
H9.OE 13.3
117.6E 16.7
116.2E 12
115.lE 6
114.OE 8.3
112.7E o
111.6E o

102.5
130.9
251.1
196.4
175.9
61.1
67.2
99

158.6
162.2
32.6
49.4
72.9
63.8
78.6
67.4

136.6
185.5
67.5
63.9
N/A
N/A

Zh
91
30

261.5
271.6
373.1
345.6
342

191.1
160.1
154.8
282.1
177.6

42
102.9
146.3
126.8
155.1
134.1
N/A
N/A
N/A
N/A
N/A
N/A

A8h
197
26

24-ER48JB
31.8 8.4
79.1 74.1
8.4 121.8

37.2 178.9
94 235.8

141.8 302.8
83.8 184.4
93.3 186.8
67.8 112.9
50.7 124.4
42.5 97.6
55.6 123.2
66.6 133.7
59.4 144.4
54.6 160.8
75.8 208.3
96.1 231.8

123.2 289.2
90.7 303.4

175.5 344.9
151 339.5

103.4 287.1
78.2 241.8
54.6 70.2

418
461.6
517.9
553.6
552.6
229.1
206.7
144.4
305.6
N/A
N/A
N/A
N/A

174.5
191.6
213
N/A
N/A
N/A
N/A
N/A
N/A

ml
257
17

113.8
130.7
235.9
315.7
362.7
437.3
290.’5
293.4
185.9
147.3
156

310.1
184.5
181.1
315.5
342.1
370.5
N/A
N/A
N/A
N/A
N/A
N/A
N/A

30
35
35
40
45
50
55
60
60
60
65
65
65
65
65
65
60
60
55
50
40
30

35
40
45
45
55
65
85
95
110
125
140
140
135
125
120
115
110
95
100
105
105
115
115
115

0
0
0
0

-5
-lo
0
0
5
0
0
0
0
0
0
0
0
0
0
0
5
0

0
5
5
5
0
0

-5
-5
0
0
0
0
0
0
-5
-lo
-15
10
5
0
0

-lo
0

-5

-5
0
-5

-lo
-lo
-lo
-5
-5
–5
-25

0
-5
-5
-5
0
0
5
10
10
10

N/A
N/A

-lo
0

-15
-25
-45
-50
-40
-30
-5
10
20
15
0

-15
10

-lo
5
5

-25
-25
-25
-25
-lo
-lo

48 WI
-5
5

-20
-20
-25
-25
-lo
-lo
5

-30
-lo
-5
0
15
20
15

NIA
N/A
N/A
N/A
N/A
N/A

48 m,
-45
-35
-55
-55
-55
-35
-lo
-5
10
25
-15
-20
-15
-25
0

-25
-5
-15
-45
-30
-25
-15
5
15

5
0

-lo
-lo
-lo
-lo
0
5
15

N/A
N/A
N/A
N/A
10
15
10

N/A
N/A
N/A
N/A
N/A
N/A

32 m,
-45
-15
-20
-15
-15
10
-5
-25
-25
-30
-25
-25
-20
-5
10

-20
-lo
N/A
N/A
N/A
N/A
NIA
N/A
N/A

187



87081500 25 16.3N 11O.8E 13 64 281.9 N/A ‘-- - - “- ‘-”-
87081506 26
87081512 27
87081518 28
87081600 29
87081606 30
87081612 31
87081618 32

LUG
87081300
87081306
87081312
87081318
87081400
87081406
87081412
87081418
87081500
87081506
87081512
87081518
87081600
87081606
87081612
87081618
87081700
87081706
87081712
87081718
87081800
87081806
87081812
87081818
87081900
87081906
87081912
87081918
87082000
87082006
87082012
87082018
87082100
87082106
87082112
87082118
87082200
87082206
87082212

u
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

16.7N 11O.1E o
17.ON 109.2E 5.7
17.3N 108.3E o
17.5N 107.5E o
17.7N 106.8E o
18.ON 105.6E 23.6
18.lN 104.3E 62.4

QQh

74.5
104.3
116

189.3
278.3
N/A
N/A

24h

343.9
N/A
N/A
N/A
N/A
N/A
N/A

4f!h

N/A
N/A
N/A
N/A
N/A
N/A
N/A

m
Aversge 15 89 159 247
# Cases 39 36 33 29

BLJJw B7LIQNEQS.J2R 2UR4f!J3 lLEB
13.6N 134.OE
14.3N 133.lE
14.9N 132.2E
15.3N 131.3E
15.5N 130.4E
15.8N 129.6E
16.ON 128.8E
16.lN 128.3E
16.2N 127.8E
16.3N 127.2E
16.5N 126.6E
16.7N 126.lE
16.9N 125.7E
17.ON 125.2E
16.9N 124.7E
16.8N 124.2E
16.5N 123.8E
16.4N 123.5E
16.2N 123.OE
16.lN 122.5E
16.ON 121.8E
15.7N 120.9E
15.4N 120.lE
15.2N 118.8E
15.2N 117.8E
15.4N 117.OE
15.7N 116.2E
15.8N 115.lE
15.8N 114.2E
15.8N 113.4E
15.9N 112.8E
16.2N 112.3E
16.4N 111.7E
16.8N 111.lE
17.4N 11O.3E
18.lN 109.1E
18.4N 107.8E
18.5N 106.6E
18.7N 105.6E

6
18.4
5.8
28.9
23.1
31.3
17.3
46.5
24.7
12
13

34.6
0

18.2
18.2
21

23.8
5.8
0

11.5
18.3
23.1
8.3

11.6
6
6

13
25

18.9
11.5
5.8
18.9

6
0
6

12.9
24.7
13.3

6

39.9
58.2
78
125

132.5
121.8
101.6
100.9

24
18.2
78.7
67.5
91.6
96.7

172.2
167.7

94
71.6
73

130.2
122.4
87.8
59

69.5
6

26
70.6
90.2

101.7
52.1
56.7
96.7
111

108.8
133.9
168.7
N/A
N/A
N/A

79.9
120.3
125.1
209.3
258.8
234.6
243.9
236.1
72.2
133.1
235.9
167.7
168.4
198.3
249.2
270

192.1
174.5
168.8
210

203.2
185.7
83.1
153.4
93.7
77.7
43.9
78.8
45.4
61.8
143

134.2
212.1
NIA
N/A
N/A
N/A
N/A
N/A

159.4
210
208

317.9
410.2
426

454.5
458.8
255.1
284.2
403.8
307.3
302.2
287

243.8
274.2
259.7
266.9
261.2
248.4
253.8
194.4
46.7
131.1
12.9
29.1
167.3
193.3
106.9
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

L.u

105
95
90
80
65
45
30

40
45
50
55
55
55
60
60
65
65
65
70
65
65
70
75
80
85
80
75
70
60
50
55
55
55
55
55
55
60
60
65
65
70
70
65
65
65
60

-3

-5
-5
-lo
-lo
-5
0
0

10
10
-5
0
10
10
5
5
0
0
0
-5
0
5
5
0
-5
-5
0
0
0
0
0
0
5
5
0
5
0
-5
5
-5
-lo
-15
-15
-20
-25
-25
-30

>
10
15
20
15
15

N/A
N/A

20
25
5

20
25
20
10
5
10
10
0

-20
-lo
-lo
-lo
-5
0
15
10
0
15
10
15
15
20
15
0
5

-15
-20
-20
-15
-20
-20
-20
-15
N/A
N/A
N/A

4U
30

N/A
WA
N/A
N/A
N/A
N/A

35
40
15
25
40
30
15
10
5
-5
0

-30
-lo
5

20
20
20
15
10
15
20
10
15
0
10
5
-5

-lo
-25
-25
-20
-lo
-5

N/A
N/h
N/A
N/A
N/A
N/A

t-J/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A

72 WI?
55
55
25
35
40
20
15
15
5
10
25
0
10
20
25
30
25
15
20
15
15
5
-5
-5
0
0

-5
-5
-lo
N/A
NIA
N/A
N/A
N/A
N/A

.*

N/A
N/A
N/A “
N/A



SW= ‘&@== D- (llU) MhmMllzh
Average 17 96 172 222

Ku
87082100
87082106
87082112
87082118
87082200
87082206
87082212
87082218
87082300
87082306
87082312
87082318
87082400
87082406
87082412
87082418
87082500
87082506
87082512
87082518
87082600
87082606
87082612
87082618
87082700
87082706
87082712
87082718
87082800
87082806
87082812
87082818
87082900
87082906
87082912
87082918
87083000
87083006
87083012
87083018
87083100
87083106

u
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

# Cases 42 38 34 30

BzLAz BLIQNEQLEB Z4JB 9.LER ZLEBH
12.2N 149.9E 95.1 219.7 357.7 326
12.2N 149.OE
11.8N 148.OE
11.3N 147.OE
11.lN 145.7E
11.lN 144.2E
11.lN 142.6E
11.3N 141.2E
11.4N 140.3E
11.6N 139.7E
11.8N 139.OE
12.2N 138.2E
12.8N 137.lE
13.5N 135.9E
14.ON 134.8E
14.6N 133.7E
15.2N 132.8E
15.9N 131.8E
16.7N 131.lE
17.3N 130.6E
17.9N 130.2E
18.5N 130.OE
19.ON 129.8E
19.5N 129.5E
19.9N 129.OE
20.lN 128.6E
20.4N 128.2E
20.6N 127.8E
21.ON 127.4E
21.3N 127.OE
21.6N 126.8E
22.2N 126.5E
23.ON 126.3E
24.lN 126.2E
25.2N 126.OE
26.6N 126.OE
28.lN 126.2E
30.ON 126.6E
31.8N 127.OE
34.ON 128.7E
36.8N 130.9E
39.6N 133.OE

Tropioal stonuEd (Uw)
Average

# Cases

70.4
60

40.1
30

24.7
18.7
5.9
11.8
23.5
17.6
18.9
36.5
8.4
8.4
5.8
0

8.3
8.3
6

16.6
5.7
0

5.7
11.3
22.5
5.6
17.9
8.2
8.2
11.2

6
17.6
12

18.8
12
8
12

15.3
23.2
41.5
N/A

Qs?h
33
12

201.5
174.9
76.2
42.4
87.1
94.7

181.9
155.2

88
84.3
97.3
75.7
55

71.2
81

51.7
107.8

66
46.8
29.4
39.8
55.6
84.8
85.9
65.9
36.8
35.4
17.6
24.6
138

84.1
129.6
122.7
173

158.3
166.6
169.4
N/A
N/A
N/A
N/A

120
10

193.2
213.7

95
85.3
105.2
139.2
188.3
208.1
151.7
129.3
108.2
105

175.4
187.3
192.1
150.6
176.7
114.9

74
41.3
98.1

134.8
148.9
149.8
108.1
81.1
110.9
144.5
180

401.9
266.2
396

456.4
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

ah
219

6

54.6
213.4
152

143.4
159.6
215.5
270.7
260.5
245.5
165.6
136

124.1
254.5
249.3
235.5
224.2
255.8
205.2
144.4
81.6
108.1
140.7
160.7
165.3
193.8
282.6
366

503.3
628
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
NIA
NIA

278
5

m 3!74 ET-Iu BLLS2NEQM%R 2UB4.U3B i2EB
87082200 1 9.8N 160.8E 36 60.8 192.8 218
87082206 2 10.3N 159.7E 13.2 41.9 191.2 211.9
87082212 3 10.8N 158.7E 16.8 90.9 232.7 249
87082218 4 11.3N 157.7E 13.2 169.6 281.8 302.1

189

25
30
30
35
40
40
40
45
45
45
50
55
60
65
70
75
85
100
110
120
130
125
120
115
115
115
115
115
110
110
105
95
90
90
85
85
85
85
85
75
65
55

25
25
30
30

0
-5
0

-5
0
5
5
5
5
10
5
5
0
0
0
0
5
0
0
5
0
-5
5
5
5
0
0
-5
0

-5
-5
0
5
5
5
0
0
0

-lo
-5
0

N/A

5
5
0
0

24 w
-5
0
5
0

20
25
25
25
-5
5

-5
5
-5
-20
-25
-30
-15
5
15
20
25
-15

0
-5
5
0
0

“o
10
5
5
-5
-5
-10
-lo
-lo
0

-5
N/A
N/A
N/A
N/A

5
10
15
20

o
10
15
10
25
25
30
30
5
-5
-25
-25
-30
-25
-20
-lo
15
15
15
15
25

-20
-lo
-5
5
0
5
0
5
0

-5
-lo

0
10

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

25
20
35
35

–5
5
10
1s
25
15
15
5

-15
-5
-15
0
5
5
5
5
15
15
20
30
35

-lo
-5
-lo
-5
-lo
-lo
-5
15
15

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
NIA

30
30
55
55



87082300 5 12.2N 157.lE 35.2 215.7 282.2 411.5 30 -5 15 20 30
87082306 6 12.9N
87082618 7 16.lN
87082700 8 16.4N
87082706 9 17.2N
87082712 10 17.8N
87082718 11 18.2N
87082800 12 18.4N

m
87090418
87090500
87090506
87090512
87090518
87090600
87090606
87090612
87090618
87090700
87090706
87090712
87090718
87090800
87090806
87090812
87090818
87090900
87090906
87090912
87090918
87091000
87091006
87091012
87091018
87091100
87091106
87091112
87091118
87091200
87091206
87091212
87091218
87091300
87091306
87091312
87091318
87091400
87091406
87091412
87091418
87091500
87091506

h%
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

156.7E 50.7
149.lE 37.8
148.4E 54.3
147.7E 61.1
146.8E 26.6
145.9E 18.9
145.2E 50.7

QQh
Average 16

# Cases 50

B.T_Lm EI-IQNP!2SLEB
12.3N 145.OE
13.ON 144.OE
13.6N 142.8E
14.3N 141.8E
14.9N 141.OE
14.7N 140.7E
14.5N 140.9E
14.6N 141.3E
15.ON 141.4E
15.2N 141.4E
15.3N 141.3E
15.5N 141.2E
15.6N 141.OE
15.7N 140.8E
15.8N 140.7E
16.lN 140.3E
16.4N 139.7E
16.4N 139.OE
16.5N 138.5E
16.7N 138.lE
16.9N 137.8E
17.ON 137.5E
17.2N 137.2E
17.3N 137.lE
17.5N 137.OE
17.7N 137.OE
17.9N 137.lE
18.3N 137.3E
18.6N 137.6E
19.ON 137.9E
19.4N 138.3E
19.8N 138.6E
20.2N 138.9E
20.8N 139.2E
21.3N 139.4E
22.ON 139.6!3
22.6N 139.8E
23.3N 139.9E
24.ON 140.lE
24.8N 140.2E
25.6N 140.2E
26.6N 140.2E
27.6N 140.lE

164.1
24.7
33.5
23.3
31.4
16.7
42.3
18.4
11.6
16.7
17.4
18.3
16.7

0
6

5.8
11.5

6
0

’13
5.7
13
0

12.9
11.4
12.9
13.3
8.3
16.5
13.3
12

13.3
13.3
8.2
6
6

12
6
0
6

13.2

18
8

N/A N/A
178.6 138.5
165.6 N/A
152.9 N/A
36.2 N/A
92.4 N/A
N/A N/A

mall
81 181
47 42

Z4EJ3A!U13
293.3 579.7
29.6 286.3
70.5 283.8

317.5 578
304.2 552.2
177.9 307.1
139.4 234.2
110.1 189.3
23.9 60.3
23.9 18
33.3 24.9
29.2 21.4

6 18.2
58.8 29.3
75 34.4
70 29.5
30 98.2

89.3 264.8
92.4 285.3
50 200.7

94.6 258
103.1 273.1
74.2 251.2
97.1 273.8

121.9 291.9
105.4 238.4
94.9 158.8
63.3 128.3
74 139.2

62.1 122
37.7 101.5
58.4 137.4
58.4 142
52.8 124.4
13.2 96.6
24.6 91.5
40.3 129.7
56.9 192.6
68.8 154.3
94.6 141.4
84.3 59.7
57.9 43.9
90.1 N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A

m
327
34

27 m
731.2
432.4
457.4
798.5
782.6
378.3
273.7
233.3
111.4
85.5
51.9
69.7
80.4
109.3
126.3
153.9
274.2
510.5
540.4
391.2
467.3
488.1
444.6
431.8
445.9
382.3
233.1
188.1
208

252.9
217.5
285.5
280.1
225.8
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

25
35
35
30
30
30
25

25
30
35
40
45
50
55
60
65
65
70
70
75
80
85
90
95
100
110
115
120
125
125
120
115
110
105
100
95
90
85
80
75
70
65
65
60
60
55
55
55
50
50

N/A
-5
0
5
0
0
0

0
0
0
0

-5
0
0
0
0
0
-5
0
0
0
0
0

-5
0
5

0
0
0
0
0
5
5

-5
-5
-lo
-lo
-10
-lo
-lo
-5
0
0
5
-5
0
0
-5
0
0

N/A
15
25
20
15
20

N/A

24 W,
-lo
-5
0
-5

-15
5
5
10
15
0

-lo
-lo
0

-lo
-15
-15
-20
-15
5
10
5
10
10
15
5
10
5
5
0
5
0

-5
-5
-!5
o

-5
-5
-5
-5
0

-5
0

-5

N/A
35

N/A
N/A
N/A
N/A
N/A

48 W.
-20
0
5
10
0
5
5
15
15
-5
-25
-25
-15
-20
-20
-lo
-5
10
30
30
15
20
20
25
15
20
15
10
10
10
5
0

-5
0

-5
-lo
-lo
-lo
-lo
-5
0
10

N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A

-20
10
15
10
-5
0

-5
0
0

-15
-25
-20
-5
10
15
20
25
35
45
45
25
30
25
25
20
20
20
10
10
15
5
0

-5
-5

N/A
N/A
N/A
N/A
NIA
N/A
N/A
N/A
N/A

190



87091512 44 28.6N 139.9E 12.1 46.6 WA WA
87091518 45 29.6N 140.OE 8 43.2 WA N/A
87091600 46 30.4N 140.3E 5.2 26 N/A N/A
87091606 47 31.lN 140.7E 16.5 75.1 N/A N/A
87091612 48 31.9N 141.4E 6 N/A N/A N/A
87091618 49 32.6N 142.3E 30 N/A N/A N/A
87091700 50 33.4N 143.OE 18.7 N/A N/A N/A

QxG
87090418
87090500
87090506
87090512
87090518
87090600
87090606
87090612
87090618
87090700
87090706
87090712
87090718
87090800
87090806
87090812
87090818
87090900
87090906
87090912
87090918
87091000
87091006
87091012

w
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Average 20 97 163 193

# Ceses 24 20 18 14

BT_xw BX-LQNESWZR z4_EBM!_EB Z_EE
16.3N 126.3E
16.6N 126.6E
16.9N 126.5E
17.lN 126.5E
17.3N 126.5E
17.4N 126.5E

17.5N 126.5E

17.6N 126.4E
17.8N 126.4E
18.ON 126.3E
18.4N 126.OE
19.ON 125.6E
19.5N 125.lE
20.ON 124.7E
20.2N 124.OE
20.4N 123.2E
20.6N 122.4E
20.9N 121.9E
21.3N 121.2E
21.7N 120.5E
22.5N 120.OE
23.2N 119.5E
24.lN 119.OE
25.ON 118.5E

-WFJ===lly (15w)
Average
# Cases

QTG
87090506
87090512
87090518
87090600
87090606
87090612
87090618
87090700
87090706
87090712
87090718
87090800
87090806

J!?.4
1
2
3
4
5
6
7
8
9

10
11
12
13

21.4
71.3
53.2
51.8
17.2
30.5
24.7
13.3

6
12.9
11.4
12.8
8.2

13.3
13.3
12.7

0
16.8
8.2
8.2
16.6
12.6
12.5
12.4

!m
23
43

167.8
184.2
143.9
122.3
70.7
79.8
48.3
12

66.4

115.7
105.3
100.3
87.5
78.7
106.4
74.7
78.2
98

100.2
111
N/A
N/A
N/A
N/A

ah
122
34

263.2
262.6
230.9
155.9
63.9
54.3
66.7

102.7
105.1
198.6
200.6
186.7
138.7
155

178.7
212.7
156.3
199.3
N/A
N/A
NIA
N/A
N/A
N/A

m
275
33

294.2
265

240.7
94.1
82.9
138.1
156.8
170

134.2
206.8
245.5
232.6
208

241.8
N/A
N/A
WA
N/A
N/A
N/A
N/A
N/A
N/A
N/A

m
455
31

m-LiM B22QNEQ2EB 29-EBMLEB 22_EB
12.2N 168.3E 11.7 60.6 65.1 78.9
12.2N 167.8E 34.8 113.3 95.8 106.1
12.3N 167.lE 56.2 130.7 108.3 131.9
12.4N 166.2E 12 72.2 183.6 306.1
12.6N 165.5E 37.1 120.2 258.9 421
12.9N 164.6E 6 49.4 150.1 333.4

50
50
45
45
45
40
30

35
35
40
45
45
50
55
60
60
65
70
75
80
85
90
100
105
105
100
90
80
70
55
30

30
35
45
45
55
65

13.3N 163.7E 26.3 110.5 221.6 428.9 70

13.8N 163.OE 26.7 106.6 211.9 423.2 80
14.3N 162.2E 21.4 112.1 225.6 466.1 90
14.8N 161.4E 32.2 122.4 269.6 569.3 100
15.3N 160.7E 25 124.7 313.9 643.6 105
15.8N 159.9E 8.3 67.6 310.9 675.3 110
16.3N 159.2E 13 72.5 344.4 737.5 115

0
0
0
0
0
0
0

-lo
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
-5
5
5
0
0

-5
0
0
0
0

-5
0
0

0
-5
-lo
0

-5
-5
-5
-lo
-5
-5
0
-5
-5

-5
-5
0
10

N/A
N/A
N/A

-lo
-15
0

-lo
-lo
-5
-5
-lo
-15
-15
-lo
-20
0
0
5
20
0
10
20
40

N/A
N/A
N/A
N/A

74 ~!
-20
-25
-25
-15
-20
-30
-20
-25
-lo
0
0
0
-5

N/A
N/A
N/A
N/A
N/A
N/A
N/A

48 WE
-30
-30
-lo
-15
-20
-15
-15
-30
-35
-25
-15
-5
35
45
40
70
30
20

N/A
N/A
N/A
N/A
N/A
N/A

-45
-50
-50
-30
-30
-35
-25
-25
-15
-lo
-5
0
5

N/A
N/A
NIA
N/A
N/A
N/A
N/A

72 m
-45
-45
-25
-30
-35
-25
-15
-lo
-5
20
40
70
70
65

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

-55
-55
-55
-25
-30
-50
-35
-20
0
10
15
10
15



87090812
87090818
87090900
87090906
87090912
87090918
87091000
87091006
87091012
87091018
87091100
87091106
87091112
87091118
87091200
87091206
87091212
87091218
87091300
87091306
87091312
87091318
87091400
87091406
87091412
87091418
87091500
87091506
87091512
87091518

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

Typlwon Ian (16W)

LUG
87092306
87092312
87092318
87092400
87092406
87092412
87092418
87092500
87092506
87092512
87092518
87092600
87092606
87092612
87092618
87092700
87092706
87092712
87092718
87092000
87092806

m
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21

16.8N 158.4E 5.7 109.6 413.6 810.4
17.3N
17.8N
18.3N
18.6N
18.9N
19.4N
19.9N
20.5N
21.2N
22.ON
23.lN
24.ON
24.8N
25.6N
26.ON
26.4N
26.7N
26.9N
27.2N
27.4N
27.7N
28.ON
28.3N
28.6N
28.9N
29.2N
29.5N
29.8N
30.ON

157.6E
156.8E
156.2E
155.9E
155.8E
155-6E
155.5E
155.5E
155.6E
155.8E
156.OE
156.OE
155.7E
155.3E
155.2E
155.2E
155.4E
155.6E
156.OE
156.5E
157.lE
157.5E
157.9E
158.2E
158.3E
158.5E
158.5E
158.6E
158.7E

5.7
13.3
23.6
21.3
26.6

18
12.8
12
8.2
8.2
6
12

13.2
18

10.8
12.3
24.1
16.1
144

55.7
27.2
49.1
51.7
31.9
12.1
16.8
20.8
5.2
15.9

QQh
Average 14
# Cases 33

m.J&?NEL?sEB
16.2N 146.8E
16.3N 146.4E
16.2N 146.OE
16.3N 145.5E
16.7N 144.9E
17.4N 144.4E
17.8N 143.8E
18.3N 143.3E
18.7N 142.7E
19.3N 142.lE
20.ON 141.4E
20.6N 140.8E
21.3N 140.3E
22.ON 139.7E
22.6N 139.OE
23.lN 138.6E
23.2N 138.3E
23.2N 138.lE
23.3N 138.OE
23.4N 138.OE
23.5N 138.OE

53.2
21
8.3
29.4
25.9
8.3
18.9
5.7

6
12

13.3
5.6
8.2
6
6

12
6

8.1
25.1
17.6
22.8

173.2
191.8
192.3
135.6
144

132.9
134.8
121.9
118.7

76
113.8
161.6
159.6
170.4
117.4
131.5
138.7
102.1
135.5
125.4
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

ala
82
27

100.5
58.7
91.6
117

117.3
68.2
83

70.3
66.2
79.8
53.6
50.8
112.9
152.5
150

157.5
111
81.2
109.3

77
60.7

439.5
490.7
505.2
392.1
350

292.1
242.3
233.6
146.4
168.1
442.1
334.8
314.9
334.3
264.7
263.2
234.3
157.1
297.9
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

m
201
23

155.5
116.3
180.8
203.7
221.9
186.1
222.2
212.4
175.3
123

154.9
240.5
335.3
366.7
358.9
373.1
246.5
159.4
177

154.7
101.4

755.5
757

743.1
568.8
506.4
395.5
376.7
378.7
288.6
340.3
445.8
495.1
482

448.3
330.9
334.1
349.8
N/A
N/A
N/A
NIA
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

m
344
21

241.8
213.7
288.1
278

270.1
257

304.4
297.8
264.2
223.3
327.7
483.7
593.2
626.1
625.6
646.6
425.3
285.9
248.8
197.9
128.2

115
120
125
135
140
140
135
130
125
125
120
115
110
100
90
80
70
65
65
65
55
50
45
45
35
30
30
30
30
25

25
30
35
45
50
55
60
70
80
90
100
110
105
100
95
90
90
85
85
80
75

0
-5
0

-5
-5
-5
5
5
5
5
10
10
5
5
5
10
15
10
0
0
0
0
0
0
10
10
5
0
0
0

0
0
0

-5
-5
-5

-lo
-5
-10

0
5
0
0
0
0
0
0

-5
-lo
-5
-5

-lo
-lo
0

10
20
15
15
10
15
15
10
15
20
15
10
5
15
15
10
5
5

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N@

-15
-15
-15
-20
-25
-35
-35
-25
-15
20
30
0
0
-5

-lo
-5
0
0
0

-5
-5

10
10
15
20
30
35
35
30
45
40
10
5
10
15
20
15
20
20
15
10

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
NIA

-35
-40
-45
-50
-40
-30
-15
5
10
45
35
-5
-5
-5
0
0

-5
-5
0

-5
-5

20
30
40
45
65
65
35
25
45
45
15
10
15
20
20
20
15
15

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
NIA
N/A
N/A

72 m,
-50
-40
-30
-20
-15
0
10
30
35
50
40
0

-5
-lo
-5
-lo *

-lo
-5
-5

-lo
-lo
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87092812
87092818
87092900
87092906
87092912
87092918
87093000
87093006
87093012
87093018
87100100
87100106

22
23
24
25
26
27
28
29
30
31
32
33

23.6N
23.7N
23.8N
23.9N
23.9N
24.ON
24.2N
24.5N
24.8N
25.3N
26.lN
26.9N

138.OE
138.OE
137.8E
137.5E
137.3E
137.lE
136.9E
136.8E
136.7E
137.n?l
137.9E
138.3E

5.5
12

21.1
11
8.1

17.5
8.1
12
6

12.4
12

18.8

30.5
24.6
8.1
31.9
24.9
N/A

149.4
N/A
N/A
N/A
N/A
N/A

88.3
72.7
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
NIA
N/A

N/A 70
N/A 65
N/A 65
N/A 65
N/A 65
N/A 60
N/A 60
N/A 60
N/A 55
N/A 55
N/A 55
N/A 55

-5
-5
-5
-lo
-lo
-10
-15
-20
-15

-lo -5
-lo -lo
-15 N/A
-20 N/A
-15 N/A
N/A N/A
-20 N/A
N/A N/A
N/A N/A
N/A N/A
N/A N/A
N/A N/A

N/A
N/A
N/A
N/A
N/A
N}A
N/A
N/A
N/A
N/A
N/A
N/A

-20
-20
-25

Tropical Depression 17W Q2h
Average 21
# Cases 7

ah
81
3

ah
N/A

o

m
N/A
o

RTG ?a#
87092418 1
87092500 2
87092506 3
87092512 4
87092518 5
87092600 6
87092606 7

17.ON
17.ON
16.9N
16.8N
16.8N
16.7N
16.4N

BTJ!QNES?LER
161.3E 68.9
160.7E 17.2
160.lE 8.3
159.4E 13
158.7E 8.3
157.9E 23.8
157.3E 8.3

155.5
45.7
43.5
N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
NIA

m.ERBT-lm
N/A 30
N/A 30
N/A 30
N/A 30
N/A 30
N/A 30
N/A 25

0
0

-5
0
0
0
0

74 WE
15
5
15

N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A

TmpioalStoanJwae (18W) !2!2h
Average 33
# Cases 9

165
2

ah
66
2

m
NIA

o

72 W,RN
87092900
87092906
87092912
87092918
87093000
87093006
87093012
87093018
87100100

w
1
2
3
4
5
6
7
8
9

23.7N
25.2N
26.8N
28.ON
28.2N
28.lN
28.4N
29.2N
29.9N

EJUQNE!QSER
155.8E 18.8
155.OE 54
154.lE 49.2
152.3E 40.1
149.7E 29.1
148.7E 63.5
148.6E 5.3
148.7E 31.8
149.IE 7.9

169.8
161.4
N/A
N/A
N/A
BVA
N/A
N/A
N/A

84.7
47.6
N/A
N/A
N/A
N/A
N/A
N/A
NIA

zz-EBBu!m
N/A 35
N/A 40
N/A 35
NIA 35
N/A 35
N/A 35
N/A 35
NjA 30
N/A 30

0
-5
-5
-5
-5
-5
0
0
0

74 WK
5
5

N/A
N/A
N/A
N/A
N/A
N/A
N/A

o
5

N/A
N/A
N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/k
N/A
N/A
N/A
N/A

TY#=--y (Mu)
Average 16
# Cases 28

110
25

183
21

m
289
17

QxG
87101000
87101006
87101012
87101018
87101100
87101106
87101112
87101118
87101200

m
1
2
3
4
5
6
7
8
9

12.8N
13.3N
14.ON
14.7N
15.3N
15.7N
16.ON
16.2N
16.4N

BuLQNEs!saR
137.4E 34.8
137.6E 68.7
137.7E 26.2
137.8E 16.7
137.9E 25
137.7E 18.9
137.6E 5.8
137.3E 26
137.2E 18.3

213.1
243.1
152.5
54.9
145.2
141.1
45.6
120.5
92.9

305.3
396.9
283

190.2
286.7
265.9
81.1

174.6
157.5

459.2
587.8
440.8
323.7
413.8
410.8
138.7
216.1
207

30
35
40
45
50
55
55
60
65

0
-5
-5
0
0
0
5
5
0

24 ~,
-5
-lo
0
5
5
10
0
10
10

-5
-5
5

20
15
20
15
15
20

0
0
15
25
25
30
25
25
25



87101206
87101212
87101218
87101300
87101306
87101312
87101318
87101400
87101406
87101412
87101418
87101500
87101506
87101512
87101518
87101600
87101606
87101612
87101618

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

16.8N
17.3N
17.8N
18.3N
18.9N
19.5N
20.2N
21.3N
22.lN
23.ON
24.ON
25.ON
25.8N
26.7N
27.7N
29.ON
30.4N
32.2N
34.2N

137.2E
137.2E
137.lE
136.8E
136.4E
136.lE
135.7E
135.2E
134.5E
133.7E
133.OE
132.2E
131.9E
131.8E
131.9E
132.4E
133.OE
133.4E
134.4E

Avenge

# Cases

23
8.3
6

8.3
8.3
8.2
12
8.2
16.4
13.2
12.5
5.4
6
6

10.6
28.8
16.6
19.4
N/A

QQh
17
44

m
87101606
87101612
87101618
87101700
87101706
87101712
87101718
87101800
87101806
87101812
87101818
87101900
87101906
87101912
87101918
87102000
87102006
87102012
87102018
87102100
87102106
87102112
87102118
87102200
87102206
87102212
87102218
87102300
87102306
87102312
87102318
87102400

W.#
1
2
3
4
5
.6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

13.ON
13.2N
13.3N
13.3N
13.3N
13.2N
13.3N
13.6N
14.ON
14.6N
15.lN
15.7N
16.2N
16.6N
16.9N
17.3N
17.6N
17.8N
18.ON
18.ON
18.ON
18.ON
18.ON
18.ON
18.ON
18.lN
18.lN
18.3N
18.5N
18.8N
19.lN
19.4N

B2UQNEQLEE
155.3E 35.1
153.9E 24.1
153.2E 13.1
152.3E 16.7
151.3E 8.4
150.lE 23.4
148.9E 8.4
147.6E 12
146.6E 5.8
145.7E 13.1
145.OE 11.6
144.3E 16.7
143.5E 8.3
142.7E 6
141.8E 8.3
141.IE 13.3
140.2E 18.9
139.2E 11.4
138.OE 17.1
136.7E 30.9
135.3E 24.8
134.OE 11.4
132.5E 26.6
130.9E 8.3
129.3E 5.7
127.8E 6
126.3E 12.9
124.9E 12.9
123.6E 6
122.5E 11.4
121.6E 17
120.9E 12.8

41.5
24.7
47.7
76.8
44.9
88.5
102.8
97.9
80.1
90.7
53.1
38.7
151.6
126.1
211.5
279.7
N/A
N/A
N/A

24h
89
41

94.6
117.3
147.8
174
92.1

103.3
92.5
88

88.2
193.1
216.7
294.4
N/A
N/A
N/A
N/A
NIA
N/A
NIA

184
39

24.ERfl.LEB
238.8 341.6
147.2 170.7
72.6 68.1
36.5 114.1
76.7 144.5
100.9 157

99 166.6
146.8 223.4

26 12.9
34.5 37.3

6 13.3
40.1 98
26.6 149.4
39.9 145.7
49.6 173.1
107.5 290.9
148.7 332.3
146.5 378.9
168.1 392.4
145.9 342.6
140.4 308.5
81.8 117.9
74.4 34.5
36.4 99.6
62.4 162.2
45.9 198
97.8 297.3

113.6 315.8
107.5 260
118.5 235.5
118.2 257.5
75.3 174.2

92.2
148.2
169.1
182.7
177.9
276.8
335.6
336.9
N/A
NIA
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
NIA

298
31

412.8
248.3
164.5
126.1
133.1
145.8
190.9
251.2
53.7

89
131.3
245.8
353.7
256.6
280.2
472.6
530.4
559

558.7
466.6
395.7
118.9
146.7
270.2
347.7
393.6
530.8
514
391
N/A
N/A

229.4

65
70
70
75
75
75
80
80
80
85
85
90
90
95
95
90
90
80
70

35
35
40
45
55
55
60
65
70
75
80
90
100
115
125
140
140
140
140
140
125
125
115
100
100
100
95
90
90
90
90
90

0
0
5
5
0
0

-5
-5
-5
-lo
-lo
-5
-5
-15
-15
-20
-30
-25
N/A

o
0
0
0

-lo
-5
-5
-5
-5
-5
-lo
-5

-lo
-20
-lo
0
0
0
-5
-lo
0

-5
0
5
0

-5
-5
0
0
-5
-5
-5

10
20
20
10
-15
-20
-20
-20
-20
-25
-30
-15
-15
-lo
-5
5

N/A
N/A
N/A

-lo
-5
-5
0

-5
-lo
-lo
-lo
-15
-20
-35
-40
-35
-25
-5
5
15
15
10
20
15
10
10
5

-lo
-20
-25
-25
-20
-lo
0
0

20
20
25
20
-35
-40
-40
-30
-30
-25
-20
10

N/A
N/A
N/A
N/A
N/A
N/A
N/A

48 WE
-15
–5
-5
-5
-15
-30
-35
-45
-40
-35
-40
-30
-lo
-5
20
40
25
25
20
20
15
5
0

-15
-25
-15
-lo
-lo
-5
-5
5
10

25
20
25
0

-45
-35
-25
0

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

72 WE
-30
-20
-25
-30
-30
-30
-25
-25
-5
-15
-lo
20
25
20
25
40
25
20
10
5
5
5
5
-5
-20
-15
-lo .
-lo
5

N/A
N/A

5
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87102406
87102412
87102418
87102500
87102506
87102512
87102518
87102600
87102606
87102612
87102618
87102700

33
34
35
36
37
38
39
40
41
42
43
44

19.7N
20.ON
20.3N
20.6N
20.9N
21.lN
21.3N
21.5N
21.7N
21.6N
21.5N
21.3N

120.3E
119.9E
119.6E
119.3E
119.IE
119.OE
118.9E
118.7E
118.2E
117.8E
117.6E
117.3E

Tmpioal Sto=Mauxy (21W)
Average
# Cases

16.5 98.4 178.9 230.8 85 -5 0 .= .

0 78.6
30.6 126.4
28.7 95.6
24.6 17.8
12.7 69.7
12.7 91
12.7 68.7
23.1 73.4
66.9 N/A
73.5 N/A
11.2 N/A

QQhU.a
27 107
23 19

L?r.G
87111106
87111112
87111118
87111200
87111306
87111312
87111318
87111400
87111406
87111412
87111418
87111500
87111506
87111512
87111518
87111600
87111606
87111612
87111618
87111700
87111706
87111712
87111718
87111800
87111806
87111812
87111818
87111900
87111906

J!?.#
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

14.7N
15.ON
15.ON
14.5N
13.7N
13.6N
13.5N
13.5N
13.5N
13.5N
13.4N
13.2N
13.ON
12.8N
12.8N
12.8N
12.9N
13.3N
13.5N
13.5N
13.4N
13.ON
13.ON
13.ON
13.ON
12.9N
12.8N
12.7N
12.3N

13T_LQNJ?sxLEE
133.5E 8.3
132.9E 23.2
132.4E 13.3
132.3E 42

127.6E 18.9
126.9E 66.7
126.2E 88.4
125.6E 5.8
125.OE 16.7
124.3E 8.4
123.6E 26.2
122.7E 13.1
122.OE 21.3
121.OE 13.1
119.9E 12
118.6E 21.3
117.3E 12
116.lE 30.6
115.lE 12
114.2E 29.5
113.3E 72.5
112.8E 110.5
112.3E 30.6
111.9E 39.4
111.5E 8.4
11O.9E 5.8
11O.3E 8.4
109.6E 21.3
108.8E 18.9

133.4
141.9
159.7
N/A
92.6

221.7
221.8
25.1
83.7
N/A
N/A
N/A
46.8
76.9
76.8
87.1
72.6
42.5
78.8
144.3
200.5
N/A
N/A
N/A
42.6
88.7
WA
N/A
N/A

149.1
196.6
147.4
68.1

179.4
NIA
49.3
N/A
N/A
N/A
N/A

m
162
13

217.2
223.6
288.9
N/A

151.9
349.7
304.3
88.5
N/A
N/A
N/A
N/A

111.6
102.2
47.4
52.9
62.9

113.8
N/A
N/A
N/A
N/A
NIA
N/A
N/A
N/A
N/A
N/A
N/A

%= ’l@==Nh [22W) QQhmMh
Average 17 138 235

# Cases 40 36 32

lzzG S!& BLLmBIUS?N~u ALER
87111912 1 4.6N 159.OE 37.8 289 544.1
87111918 2 4.8N 157.7E 48.2 279.4 492.6
87112000 3 5.2N 156.2E 49.3 217 391.8

195

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

lzh
183
12

339.6
279.7
324.9
N/A

171.5
395.1
317.1

141.8
N/A
N/A
N/A
N/A
50.1
50.7
42.4
40

47.3
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

m
279
30

37 m
725.9
592

520.3

75
65
65
60
55
45
45
40
35
35
35

30
30
25
20
30
30
30
30
25
25
25
25
25
25
25
30
30
35
40
40
45
40
40
35
35
35
30
30
25

30
35
40

0
5
0
5
5
10
0

-5
-5
-5
-lo

0
0
5
5
0
0
0
0
0
0
0
0
5
5
5
0
0
0
-5
-5

-lo
-5
-lo
-5
5
5
5
0
0

0
0
5

5
10
5
10
10
5

-5
-lo
N/A
N/A
N/A

24 ~,
25
30
15

N/A
15
10
0
5
0

N/A
N/A
N/A
10
5
0
0
-5
5
0
5

-5
N/A
N/A
N/A

5
10

N/A
N/A
N/A

o
-5
5

La

15
0
0
5
5

N/A
–5

N/A
N/A
N/A
N/A

48 W,
35
35
20

N/A
15
20
10
0

N/A
N/A
N/A
N/A

o
10
10
10
15
0

N/A
N/A
N/A
N/A
N/A
NIA
N/A
N/A
N/A
N/A
N/A

10
15
25

N/;
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

30
45
35

N/A
20
15
5
0

N/h
N/A
N/A
N/A
20
25
30
20
10

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

25
25
25



87112006
87112012
87112018
87112100
87112106
87112112
87112118
87112200
87112206
87112212
87112218
87112300
87112306
87112312
87112318
87112400
87112406
87112412
87112418
87112500
87112506
87112512
87112518
87112600
87112606
87112612
87112618
87112700
87112706
87112712
87112718
87112800
87112806
87112812
87112818
87112900
87112906

4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

5.8N 154.6E
6.5N 152.9E
7.2N 151.3E
8.ON 149.6E
8.7N 147.8E
9.5N 146.OE

10.ON 144.3E
10.3N 142.7E
10.7N 141.OE
11.ON 139.3E

11.lN 137.8E

11.2N 136.lE
11.5N 134.6E
11.8N 133.4E
11.9N 132.5E
11.9N 131.6E

12.ON 130.6E
12.lN 129.6E
12.3N 128.5E
12.6N 127.4E

12.8N 126.lE
13.ON 124.5E
13.2N 122.8E
13.5N 121.OE
14.ON 119.3E
14.6N 117.8E
15.2N 116.4E
15.9N 115.lE
16.7N 113.8E
17.5N 113.OE
18.6N 112.7E
19.3N 112.SE
19.8N 113.lE
20.3N 114.OE
20.ON 115.OE
19.lN 115.4E
18.2N 115.4E

Tropical stoxmqdell (2337)
Average

# Cases

QxG ill
87112406 1
87112412 2
87112418 3
87112500 4

Ty@cuan Phyllis

QxG Ml
87121018 1
87121100 2
87121106 3
87121112 4

8.5
13.3

6
18.8
30.3
13.4
29.5
8.4
0
12

24.7
6

13.4
13.2

6
5.9

6
8.4
5.9
18.6
5.9
13.1
13.1
8.4
13.1

6
5.8
6

8.3
0

5.7
5.7
8.2
11.3
37

169.8
N/A

QQh
26
4

BT_LAx BlulQli ELwER
12.ON 111.3E 13.2
12.3N 110.4E 18.6
12.7N 109.4E 47.5
13.5N 108.5E 26.7

(24U) QQb
Average 16
# Cases 34

BT_LM ELLs?NEQs_EiB
7.3N 146.lE 21.6
8.lN 144.6E 8.4
8.9N 143.5E 13.3

10.ON 142.9E 8.4

182.6
114

148.8
148.6
129.7

81
34.8
64.5
84.2
69.5
56.8
100.5
137
76.9
42

36.5
46.4
63.2

111.7
181.3
188

108.8
92.8

106.9
99.8
72.2
96.7

195.8
249.3
311.1
238.9
226.2
301.8
N/A
N/A
N/A
N/A

ala
99
2

94
104.1
N/A
N/A

m
129
25

122.3
131.6
152.9
172.2

353
224.7
222.5
257.9
206.1
180.3
78.9
114.2
148.2
150.5
146.9
165

180.2
63

97.4
122.2
187
205

241.6
329.1
333.5
199.4
228.5
162.6
156.9
137.3
215.9
539.8
N/A
N/A
N/A

448.2
N/A
N/A
N/A
N/A
WA

Af!h
N/A

o

48 ~
N/A
N/A
N/A
N/A

ah
171
13

169.3
246.1
N/A
N/A

466.7
281.4
236.7
240.5
155.3
194.8
156.1
162.1
206.3
235.1
213.7
115.3
77.6
110.9
179.6
219.5
276.7
304.7
290.7
309.1
264.5
281.2
356.1
205.1
240.9
361.9
400
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
NIA
NIA

Z2h
N/A
o

N/A
N/A
N/A
N/A

Z2h
196
13

32 m
232.9
300.4
N/A
NIA

45
50
60
60
60
65
65
65
70
75
80
85
90
90
95
90
100
105
115
125
135
145
130
110
95
95
100
100
95
95
95
95
100
80
60
50
40

35
40
45
35

25
30
30
30

0
-5
-15
-5
-5
-lo
-5
0
0
0
5
5
0
0

-5
0

-lo
-20
-20
-30
-20
-lo
0
0
0

-lo
0
0
5
-5
0
5
0

-5
10
10

N/A

-5
-lo
-lo
-lo

5
0
0
0

5
0
0
5
0

-5
0
-5
-5
5
10
20
0

-20
-30
-30
-55
-70
-30
-lo
10
5
5
-5
0

-5
5

-5
-15
-20
10
30
35

N/A
N/A
N/A
NIA

5
10

N/A
N/A

94 w
10
5
5
5

25
15
10
5
0
-5
0
5
0
5
0

-lo
-35
-70
-55
-30
-30
-30
-20
-15
5
15
10
5

-lo
-15
10
5

N/A
N/A
N/A
20

N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A

48 W,
25
25

N/A
N/A

25
25
20
25
15
0

-5
-15
-20
-30
-15
5

–15
-30
-35
-35
-35
-30
-lo

0
10
30
30
45
45
10
10

NIA
N/A
N/A
NIA
N}A
N/A
N/A
N/A
N/A
N/A

N/A
N/A
NIA
N/A

72 ~
50
35

N/A
NIA
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87121118
87121200
87121206
87121212
87121218
87121300
87121306
87121312
87121318
87121400
87121418
87121500
87121506
87121512
87121518
87121600
87121606
87121612
87121618
87121700
87121706
87121712
87121718
87121800
87121806
87121812
87121818
87121900
87121906
87121912

5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

10.9N
11.6N
12.2N
12.5N
12.7N
12.9N
13.2N
13.3N
13.lN
12.9N
11.7N
11.3N
11.4N
11.5N
11.7N
11.8N
12.2N
12.6N
12.8N
12.9N
12.9N
12.9N
12.7N
12.2N
11.7N
12.2N
12.6N
12.9N
12.9N
12.7N

142.2E
141.3E
140.7E
140.6E
140.5E
140.4E
140.2E
139.4E
138.6E
137.5E
132.3E
130.6E
128.9E
127.3E
125.7E
124.8E
124.lE
123.4E
122.8E
122.2E
121.6E
121.OE
120.3E
119.3E
118.lE
117.lE
116.3E
115.6E
114.8E
114.lE

Average
# Cases

Q.K
87092800
87092806
87092812
87092818
87092900
87092906
87092912
87092918
87093000
87093006
87093012
87093018
87100100
87100106
87100112
87100118
87100200
87100206
87100212
87100218
87100300
87100306
87100312

u
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

18.7
6
0

32.2
55.2

66
54.3
18.5
11.7
5.8
0

5.9
6
6

26.4
16.8
8.4
5.9
8.4
8.4
11.7
11.7
13.4
37.9
5.9

6
0

13.1
26.7
13.4

QQh
19
23

182.3
226.9
163

198.1
261.7
N/A
N/A
N/X+
N/A
N/A
67

54.3
80.5
119.6
203.6
75.7
75.6
79.7
64.4
105.8
163.6
63.8
N/A
N/A
N/A
71.1
60.6

144.4
203.3
N/A

ah
145
18

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

146.9
132.6
169.3
234.2
310.6

8.4
168.6
132.5
150.7
168.3
188.8
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

mh
310
11

23.5N
23.9N
24.4N
24.7N
25.2N
25.7N
26.4N
27.2N
28.4N
29.4N
30.2N
30.9N
31.4N
31.8N
31.9N
31.7N
31.ON
30.4N
29.8N
29.4N
28.9N
28.ON
27.9N

180.3E
180.OE
179.4E
178.4E
177.2E
176.OE
174.7E
173.2E
171.9E
170.7E
169.9E
169.2E
169.OE
169.lE
169.5E
170.OE
170.4E
170.8E
171.5E
172.lE
172.6E
173.4E
174.6E

12.5
6
12
6

10.9
12

17.2
12.2
48

5.2
20.7
13.1
18
13
6

7.9
27.3
33.8
15.9
24.6

42
67.9
16

39.5 215.5
105.2 294
105.2 273.3
117.3 228.1
146.1 205.7
168.7 162.3
115.9 157.9
78.4 N/A
83.7 254
163.4 503.8
223.5 560.8
195.1 558.1
253.3 N/A
238.4 N/A
210.1 N/A
149.8 N/A
122.2 N/A
111 N/A
N/A N/A
N/A N/A
N/A N/A
NIA WA
N/A N/A

N/A
N/A
N/A
WA
N/A
N/A
N/A
N/A
N/A
N/A

184.1
130.2
171.2
218.2
270.3
35.6
132.4
128.7
200.8
251.2
294.9
N/A
N/A
N/’A
N/A
N/A
N/A
N/A
N/A
N/A

247
5

300.9
295.1

192
N/A
232

219.4
N/A
N/A
N/A
NIA
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
NIA
N/A
N/A

35
35
35
35
35
30
30
30
30
30
45
55
65
75
90
100
90
85
80
75
70
60
40
30
30
30
35
35
30
25

75
75
75
90
100
100
100
100
100
100
100
95
90
80
75
65
65
60
55
50
45
35
35

0
0
0
0
0
0
0
0
-5
-5
0
0

-5
0

-15
0
-5
-5
0
0
5
0
0
0
0
0
0
0
0
5

5
0
0

-20
-20
-20
-20
-25
-25
-25
-25
-25
-25
-15
-lo
-lo
-lo
-lo
-15
-15
-lo
-5
-5

10 N/A
10 N/A
10 NIA
o N/A
o N/A

N/A N/A
N/A N/A
N/A N/A
N/A N/A
N/A N/A
-25 -40
-40 -35
-35 -25
-25 5
-20 30
5 45
-5 35
5 25
35 25
35 20
35 25
10 N/A

NIA N/A
N/A N/A
N/A N/A

5 N/A
5 N/A
10 N/A
10 N/A

N/A N/A

24ME4EJ7E
-30 -40
-30
-30
-40
-25
-25
-30
-40
-35
-25
-15
-lo
-20
-15
-lo
-15
-lo
-5

N/A
N/A
N/A
N/A
NIA

-35
-35
-45
-25
-15
-15
N/A
-20
-20
-15
-15
N/A
N/A
N/A
N/A
NIA
N/A
N/A
N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

5
15
15
45
40
40
20
15
15
20
20
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

-40
-25
-20
N/A
-lo
-5

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
NIA
NIA
N/A
N/A
N/A
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b. NORTH INDIAN OCEAN
Ocean during 1987. Pre- and post- warning

This section includes verification best track positions are not printed, but are
statistics for each warning in the North Indian available on floppy diskettes by request.

J’mcFcmKam~ANDmlEmIm mmRs BYlmmIm

TROPICAL CYCWNE OIB S!Qh
Average 23

# Cases 11

ah
77

10

ml
90

6

254.1

129.5

74.5

29.1

21.3

34.4

N/A

N/A

WA

N/A

N/A

m
N/A

o

48 ~

N/A

N/A

N/A

N/A

N/A

N/A

N/A

NIA

N/A

N/A

N/A

N/A

Uh

183

12

107.2

134.8

90.6

m
254

2

QT.G
87020100

87020106

87020112

87020118

87020200

87020206

87020212

87020218

87020300

w
1

2

3

4

5

6

7

8

9

10

11

8.7N

9.6N

10.6N

11.6N

12.5N

13.5N

14.4N

15.3N

16.lN

16.9N

17.7N

Elas?NEf2sJiB
85.2E 34.7

85.4E 38.1

85.W 26.5

86.3E 18.6

86.8E 17.6

87.4E 17.5

87.8E 21.2

88.m 25

88.4E 34

89.lE 11.5

89.7E 12.9

181.6

133.1

73.3

1-7.4

28.8

74.9

66.3

54.3

34.4

111.7

N/A

311.1

197.1

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

75

35

40

45

50

55

50

45

40

35

30

0

0

0

-5

0

0

5

5

10

10

0

24 m

o

-5

0

5

20

15

15

15

20

20

N/A

20

20

30

30

40

20

N/A

N/A

N/A

N/A

N/A

77 ~

40

30

NIA

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A
87020306

87020312

!CWPICAL CYcUUE 02B ml
Average 33

# Cases 12

ah
166

7

22h
NIA

o

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

35

35

35

35

40

40

45

50

55

50

40

30

-5

0

0

5

0

-5

-5

-5

0

5

5

0

15

15

10

-5

-25

–20

-5

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

NIA

N/A

N/A

N/A

N/A

N/A

N/A

N/A

72 m
N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Lmi
87060206

87060212

87060218

87060300

87060306

87060312

87060318

87060400

87060406

87060412

87060418

87060500

H.#
1

2

3

4

5

6

7

8

9

10

11

12

17.ON

17.2N

17.5N

18.ON

18.5N

19.lN

19.7N

20.3N

21.lN

21.9N

22.8N

23.7N

BLLS?NE!!XUB
89.3E 34.9

88.7E 34.4

88.5E 28.6

88.5E 54.5

88.6E 37.7
89.lE 46.4

89.6E 34.4

90.lE 12

90.6E 8.2

90.8E 33.2

90.8E 40.8

90.9E 32

95.7

159.9

203.9

247.9

261.7

147.4

49

N/A

N/A

N/A

N/A

N/A

TROPICAL CY~ 03A m
Average 62

# Cases 18

29.b
165

12

m
208

12

12rG wl~
87060506 1 16.lN

87060512 2 16.lN

87060518 3 16.lN

ELLQNE!QSJB
62.2E 28.8

62.6E 13

63.OE 62.4

24 F@

42.1

98.9

126

ZLE33BT4NMKER2LER
150 45 0 10

123.3 45 0 5

337.1 45 5 10

20

15

20

35

35

45

198



87060600

87060606

87060612

87060618

87060700

87060706

87060712

87060718

87060800

87060806

87060812

87060818

87060900

87060906

87060912

4 16.lN

5 16.lN

6 16.lN

7 16.lN

8 17.ON

9 17.9N

10 18.9N

11 19.8N

12 20.6N

13 21.ON

14 21.ON

15 20.9N

16 20.4N

17 19.9N

18 19.9N

TRC8?ICAL~ 04B

mG k& Elutsr
87101500 1 14.5N

87101518 2 16.ON

87101600 3 16.6N

TXU?ICAL CY~ 05B

LLrG

87103100

87103106

87103112

87103118

87110100

87110106

87110112

87110118

87110200

87110206

87110212

87110218

87110300

87110306

w
1

2

3

4

5

6

7

8

9

10

11

12

13

14

10.7N

11.9N

13.ON

13.6N

13.9N

13.9N

13.9N

13.9N

13.9N

14.lN

14.3N

14.5N

14.8N

15.3N

63.SE

64.2E

64.9E

65.7E

66.2E

66.lE

66.OE

65.9E

65.SE

64.9E

64.3E

63.7E

63.4E

63.7E

64.3E

44,2

51.9

80.9

126.8

116.8

90.7

102.2

92.8

132.6

45

32

28.7

32

37.5

13.3

40.6

127.3

175.6

223.5

234

247.1

217.9

211.1

236.3

N/A

N/A

N/A

N/A

N/A

N/A

169.6

209.6

198

234.9

206.3

245.1

208.8

204

195.4

N/A

N/A

N/A

N/A

N/A

N/A

JK!tJzflhm

Average 12 N/A N/A

# Cases 3 0 0

EJuQNE2sLEB 24JLRQ_E13
83.7E 13.1 N/A N/A

81.5E 17.3 N/A N/A

80.5E 8.3 N/A N/A

QQhZ4hm

Average 31 193 541

# Cases 14 9 1

m-IA2N2QifaR

88.OE 5.9

87.6E 59.1

86.7E 6

85.7E 13.1

84.9E 13.1

84.2E 37.8

83.6E 13.3

82.SE 24.1

82.lE 35.5

81.5E 44.6

81.OE 71.1

80.6E 50.1

80.OE 21.4

24 RR

251.3

408.7

358.2

271.9

90.2

104.2

25.1

96.6

N/A

132.4

N/A

N/A

N/A

540.7

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

291.5

139

95.4

109.3

99.7

220.5

255.4

313.2

363.7

N/A

N/A

N/A

N/A

N/A

N/A

N/A

o

72 ~

N/A

N/A

N/A

872

1

72 ~

872

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

50 0

50 5

50 5

50 5

50 0

50 0

50 0

50 0

50 0

45 0

40 0

35 0

35 0

35 0

30 0

m-.ms!w_ER

35 0

45 0

35 0

BT-.m?Ms!?_ER

30 5

30 5

35 5

40 0

45 -5

50 -lo

55 -5

55 -5

55 -lo

55 -lo

55 -lo

55 -lo

40 0

10

20

15

10

0

5

15

20

15

N/A

N/A

N/A

N/A

N/A

N/A

24 Fa
N/A

N/A

N/A

5

0

-5

-15

-15

-20

-10

-25

N/A

10

N/A

N/A

N/A

20

25

25

20

15

15

30

25

25

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

48 FIR

10

N/A

N/A

NIA

N/A

N/A

N/A

N/A

NIA

N/A

N/A

N/A

N/A

45

25

25

20

20

25

45

25

20

N/A

NIA

N/A

N/A

N/A

N/A

72 F@

N/A

N/A

N/A

37 ER

o

N/A

NIA

N/A

N/A

N/A

N/A

N/A

N/A

N/A

NIA

N/A

NIA

79.lE N/A N/A NIA N/A 25 N/A N/A N/A N/A



ZRWICAL C!YCLCNE06B QQh M.l M.hzh

IxcG w.#BTJAz
87111118 1 14.7N

87111200 2 14.6N

87111206 3 14.2N

87111212 4 14.4N

87111218 5 15.3N

87111300 6 16.3N

TRDPICALCY~ WA

RN
87120812

87120818

87120900

87120906

87120912

87120918

87121000

87121006

87121012

87121018

87121100

87121106

87121112

87121118

Ill
1

2

3

4

5

6

7

8

9

10

11

12

13

14

10.9N

11.2N

11.6N

12.ON

12.6N

13.3N

13.9N

14.3N

14.7N

15.ON

15.4N

15.9N

16.4N

16.9N

12E suET_LAT,
87121800 1 10.7N

87121806 2 10.5N

87121812 3 10.4N

Average 16 113 N/A N/A

# Cases 6 2 0 0

ETJIQNl?QLIiR 29_EE&!_EB2z_EB

87.3E 8.3 185.3 N/A N/A

85.SE 13.3 42 N/A N/A

84.OE 13.3 N/A N/A N/A

82.SE 12 N/A N/A N/A

81.2E 24.7 N/A N/A N/A

80.OE 29.4 N/A N/A N/A

QQh24h43.h12h

Average 38 119 307 421

# Cases 14 11 6 6

EKLm EQaER
70.7E o

70.3E 16.8

70.OE 37.3

69.9E 23.5

70.OE 84.3

70.lE 60.3

70.3E 84.8

70.6E 8.4

71.OE 21.4

71.3E 24

71.6E 36.5

71.9E 3?.8

72.3E 45.4

72.7E 54.3

24 m

129.1

176.3

220.7

160.8

254.8

96

109.3

5.8

37.5

54.3

74

N/A

N/A

NIA

48 ~

326

356.3

402.2

286.3

336.3

139.7

N/A

N/A

N/A

N/A

N/A

N/A

N/A

NIA

483.2

485.1

517.3

381.2

407.9

256.5

N/A

N/A

N/A

N/A

N/A

N/A

N/A

NIA

M?h24h9f!h12h

Average 123 192 N/A NIA

# Cases 5 3 0 0

BT-IL?N KELEB2LER4LEBZ2EB

82.6E 24.7 159 N/A N/A

82.2E 76 N/A N/A N/A

81.8E 128.2 176.1 N/A N/A

35

35

40

45

50

40

35

35

35

35

35

40

40

45

45

45

40

35

35

30

30

30

30

87121818 4 10.3N 81.4E 181.9 240.6 N/A N/A 30

87121900 5 10.5N 81.lE 206.6 N/A N/A N/A 25

W F.R

-5

0

-5

0

0

0

m w

o

0

0

0

0

-5

-5

-lo

-lo

0

0

0

-5

-5

0

0

0

0

0

0

-lo

N/A

N/A

N/A

N/A

24 m

15

10

10

5

0

0

-lo

-5

-5

5

-5

N/A

N/A

N/A

10

N/A

o

0

N/A

48 ER

N/A

N/A

N/A

N/A

N/A

N/A

48 ~

o

0

5

10

10

15

N/A

N/A

N/A

N/A

N/A

N/A

WA

WA

N/A

WA

N/A

WA

N/A

ZLER
N/A

N/A

N/A

N/A

N/A

N/A

72 F.R

5

10

10

20

20

25

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

*



c. SOUTHERN HEMISPHERE

This section includes verification 1986 to 30 June 1987. Pre- and post-warning
statistics for each warning in the South Indian best track positions are not printed, but are
and western South Pacific Oceans from 1 July available on floppy diskettes by request.

Tropical qdcme 01S f!f!h
Average 25

# Cases 4

!d# m-uu BLIQN12QS-EB
86080112 1 7.6N 78.3E 24.5

86080200 2 7.6N 76.9E 8.4

86080212 3 7.4N 75.5E 32.3

86080300 4 6.9N 74.OE 36.5

Tropical C&chne 02P

SY4B3UM
86112218 1 12.7N
86112306 2 13.6N
86112318 3 14.7N
86112406 4 15.7N
86112418 5 16.7N
86112506 6 17.4N

QQh
Average 33

# Cases 6

Eu6?NEs!a2B
168.8E 21.5
168.7E 8.4
169.2E 31.4
170.lE 40.9
172.3E 53.1
175.3E 43.9

ah
90
3

74 ER
91

81.5
99.2
N/A

ah
141
4

74 m
29

75.3
212.7
250.3
N/A
N/A

196
1

M!XBBLWWL .ER2LMEA.UYE
196.4 40 0 30 40
N/A 35 5 5 N/A
N/A 30 5 0 N/A
N/A 30 -5 N/A N/A

m
292
2

4LERBM!?N J!muBz9-k?E4.4dE
196.9 35 -5 -15 -lo
388.2 45 -lo -5 5
N/A 50 0 20 N/A
N/A 55 5 25 N/A
N/A 55 .5 N/A N/A
N/A 55 -5 N/A N/A

Tropical *clale 03P S!!2huha!h
Average 42 160 340

# Cases 6 4 2

IM BlumEufQN~24ER4B.&B mJ!7s!uB i?4JdEALs?E
86121418 1 13.ON 168.OE 59.7 169.5 343.3 35 0 0 30
86121506 2 14.2N 167.4E 38 232.2 338 50 5 25 50

86121518 3 16.ON 166.3E 55 148.7 N/A 55 10 40 N/A
86121606 4 18.lN 166.OE 39.9 91.6 N/A 50 25 55 N/A
86121618 5 19.7N 166.4E 34.5 N/A N/A 45 15 N/A N/A
86121706 6 22.ON 167.5E 28.4 N/A N/A 35 10 N/A N/A

q-qd- 04R Qs!hiMh&h
Average 35 171 333

# Cases 18 16 14

86122318
86122406
86122418
86122506
86122518
86122606
86122618

M
1
2
3
4
5
6
7

12.lN
-12.7N
13.6N
14.4N
14.9N
14.9N
14.9N

MLLQN~
176.3E 8.4
176.IE 66.8
177.6E 17.5
179.OE 46.9
180.6E 41
182.2E 21.4
182.6E 12

274.1
366
66.7

117.2
51

134.7
268.2

606.8
640.1
204.7
312

216.6
353.3
552.1

mMkuBz9dE
35 0 5
35 5 -5
45 0 0
55 0 5
55 0 10
55 5 0
55 10 5

5
5
5

-5
5

-lo
-20

201



86122706
86122718
86122806
86122818
86122906
86122918
86123006
86123918
86123106
86123118
87010106

8
9

10
11
12
13
14
15
16
17
18

14.9N
15.ON
15.ON
15.2N
16.lN
17.4N
19.ON
21.2N
23.6N
25.ON
25.ON

182.3E
181.6E
180.8E
180.2E
180.lE
180.4E
181.2E
182.OE
183.lE
183.4E
182.OE

18.4
11.6
35.3
8.3
5.8
0

8.3
22.4
36

44.3
238

159.6
78.2
151.9
158.8
75.3
102.5
127.1
175.3
434.2
N/A
NIA

404.6
82.8

292.1
362.5
196.1
256.1

186
N/A
WA
N/A
N/A

65 5 0 -15
65 10 0 -lo
75 0 0 -20
80 0 -5 -15
80 5 -15 0
90 0 -5 35
90 -5 5 20
90 -5 20 N/A
65 0 10 N/A
45 0 N/A N/A
30 5 N/A N/A

Tropical ~claIe 05P S!Qh 24h m
Average 41
# Cases 16

139
14

281
11

M#
14.7N
15.3N
15.9N
16.6N
17.ON
17.lN
17.ON
16.4N
17.2N
17.8N
18.8N
19.8N
20.7N
21.8N
23.2N
24.8N

BTJQNB2LER
196.8E 41.8
196.8E 17.4
196.8E 26.6
196.9E 13.3
197.4E 40.2
198.2E 46.7
199.OE 18.9
198.8E 11.5
198.5E 45,4
198.5E 39.9
198.8E 45.4
199.7E 43.5
201.3E 65.6
203.6E 83.4
205.7E 97.8
207.8E 29

98.3
168.3
170.8
82.4
157.2
151

144.5
72
42

118.3
272.2
225

117.9
129.1
N/A
N/A

161
418.5
432.7
203.2
193.3
154.8
311.9
111.3
92.3

376.1
638.3
N/A
NIA
N/A
N/A
NIA

BT-W3W-EB
30 10
35 15
45 20
50 15
55 25
60 20
65 10
60 15
60 15
55 15
55 10
50 20
50 15
50 15
45 5
40 0

?4 w?
15
20
15
15
10
15
0

25
15
20
5
5
5
15

N/A
N/A

48 W,

15
10
-5
0
5
10
-5
20
15
10
0

WA
N/A
N/A
N/A
N/A

86122800
86122812
86122900
86122912
86123000
86123012
86123100
86123112
87010100
87010112
87010200
87010212
87010300
87010312
87010400
87010412

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16

TropicalCyclone 06S Mh
Average 38
# Cases 5

24
203
4

ah
365
4

m Euax ETJ6mPs?s-ER
87010712 1 7.lN 76.6E 21.6
87010800 2 8.ON 76.5E 24.5
87010812 3 9.4N 77.9E 37.5
87010900 4 10.9N 79.lE 29.7
87010912 5 11.2N 79.7E 78.9

?4 m
172.7
287.2
162.8
189.4
WA

312.1
460

313.5
376.3
N/A

muuikw_ERz9_kiE
35 -5 10
35 0 15
35 0 10
35 10 10
35 0 NIA

48 WE
-5
25
10
-5

N/A

Tropiaal C&ckme 07S QQh
Average 24
# Cases 5

ab
119
3

A3h
194
2

u BLIJxr. BT-IQNE!QLEB
87011012 1 9.lN 97.SE 11.8
87011100 2 10.7N 98.2E 43
87011112 3 11.7N 99.OE 8.4
87011200 4 12.5N 99.3E 21.5
87011212 5 12.6N 99.4E 36.5

74 FR
64.5

189.6
103.5
N/A
N/A

63.2
325.9
N/A
N/A
N/A

BU!7NJ!ULEBZ4J!E
50 0 25
50 -5 -5
45 -5 -lo
45 -lo N/A
45 -15 N/A

48 w
35
0

N/A
N/A
N/A

202



q-l qyclona OSP Qs!h
Average 25
# Cases 9

2.411
119
7

M!h
194
5

87011600
87011612
87011700
87011712
87011800
87011812
87011900
87011912
87012000

M
1
2
3
4
5
6
7
8
9

10.7N
10.9N
10.7N
11.8N
13.6N
15.3N
17.4N
19.5N
21.5N

BMIQNPQSAER
189.OE 26.7
189.7E 41.7
189.7E 21.4
190.OE 24.3
190.4E 13.1
191.4E 47.8
192.9E 8.3
194.lE 18.9
196.4E 28.7

163
42.6
115.6
120.4
202.1
5.7
79.8
N/A
N/A

48 l?~
229.6
91.4

291.3
265.5
392.2
N/A
N/A
N/A
N/A

35
45
55
70
90

100
90
70
40

5
0
0

-5
-lo
-lo
-5
-5
5

10
-lo
-20
-20
5
15
25

N/A
N/A

48 W,
-25
-35
-15
15
50

N/A
N/A
N/A
N/A

Tropical ~clae 09S QQh
Average 37

# Cases 12

ah
188
8

m
422
5

IN-# Blu4Az EL162NE!QSJB 48 WJZ
87011618
87011706
87011718
87011806
87011818
87011906
87011918
87012006
87012206
87012218
87012306
87012318

1
2
3
4
5
6
7
8
9
10
11
12

13.9N
14.8N
15.6N
17.2N
19.lN
20.4N
21.7N
23.3N
26.5N
29.2N
33.ON
36.8N

66.9E
67.3E
68.2E
68.9E
69.9E
70.7E
71.IE
71.2E
63.2E
63.5E
66.SE
72.OE

35.5
13.1
64.7
12

46.4
39.8
17.8
84.3
21
5.2
70.5
36

303.9
249.5
265.7
103.3
128.3
140.5
N/A
N/A

103.3
217.4
N/A
N/A

630.7
619.7
514.3
208.8
138.8
N/A
N/A
N/A
N/A
N/A
N/A
N/A

45 –lo -lo 5
55 -15 -15 15
65 -15 5 40
75 -15 25 35
65 0 40 20
55 -5 0 N/A
40 0 N/A N/A
35 0 N/A N/A
65 -15 15 N/A
55 5 -lo N/A
55 -5 N/A N/A
55 -15 N/A N/A

Tropioalcyclam 10s
Average
# Cases

ma
15
6

2A
92
5

Mua
201
4

w Er_IIAz B3-IQNE!Q5UB a-m 4.Q_EB B15!INJ!U!LEB 24-ME 4LWE
87011712 1 17.2N 120.9E 23.7 54.3 106.2 30 5 0 15
87011800 2 17.8N 120.5E 8.3 43.5 102.6 45 -5 0 0
87011812 3 18.7N 119.7E 5.7 47.6 196.8 55 -5 15 15
87011900 4 19.6N 118.7E 13.3 100.9 397.6 55 -15 0 20
87011912 5 20.7N 117.9E 30.5 215.8 N/A 50 15 15 N/A
87012000 6 22.lN 117.6E 11.1 N/A N/A 50 -lo N/A N/A

Trqical Cyclone HP QQhaMh
Average 13 17 N/A
# Cases 3 1 0

Ii& m-usr ELIQNEQs_EB 24-EB 4&EB BTJ!w3m_EB 24_wE ML5!7E
87011918 1 13.ON 137.7E 13.3 17.4 N/A 30 5 10 N/A
87012006 2 13.4N 136.5E 8.4 N/A N/A 30 10 N/A N/A
87012018 3 14.2N 134.8E 18.5 N/A N/A 30 10 N/A N/A
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87020100
87020112
87020200
87020212
87020300
87020312
87020400
87020412
87020500

u
1
2
3
4
5
6
7
8
9

15.6N
16.ON
16.3N
16.5N
I-I.5N
17.8N
17.9N
18.ON
18.2N

Q9hiw, llfih
Average 35 138 135
# Cases 9 7 5

BX-LQNES2SXB
123.4E 121.5
122.7E 18.3
122.8E 34
122.5E 13.3
121.lE 5.7
119.9E 72.3
118.9E 4!5.7
118.OE o
117.3E 6

236.3
121.3
77.3
69.1
66.2

275.9
125.4
WA
N/A

298.6
97.1
42.7
46.1

193.6
N/A
WA
N/A
N/A

35
40
40
40
45
45
50
40
30

0
5
0
0
0
5
0
5
10

15
20
0
0
0
5
15

N/A
N/A

20
35
0

10
50

N/A
N/A
NIA
N/A

Txwpid ~one 13P Q9hmm
Average 36 139 N/A
# Cases 3 2 0

s EKxAx BKLQNEC?LEB 24EB4.LEB B’LHNM!LEB Z4ME AfL3!E
87020400 1 16.ON 189.7E 46.1 91.6 N/A 40 0 15 N/A
87020412 2 16.ON 191.lE 18.3 186.9 N/A 40 0 20 N/A
87020500 3 15.8N 192.7E 45.4 N/A N/A 35 0 N/A N/A

qd cyclone 14Q QQhz4h Mh
Average 347 101 256
# Cases 8 6 4

87020500
87020512
87020600
87020612
87020700
87020712
87020800
87020812

U
1
2
3
4
5
6
7
8

13.2N
13.7N
14.7N
15.9N
17.ON
18.3N
20.2N
22.ON

BILIsMEs?s_ER
163.3E 24.1
164.3E 12
165.2E 24
166.lE 18.3
167.OE 13.3
168.2E 23.6
170.4E 43.4
175.OE 101.8

102
96.2
92.9
64.5
68.7
182.3
N/A
N/A

190.9
180.8
243.8
409.9
N/A
N/A
N/A
N/A

Tropid Cyclone 15P QQh24AMh
Average 27 120 369
# Cases 12 8 2

87020706
87020718
87020806
87020818
87020906
87020918
87021006
87021018
87021106
87021118
87021206
87021218

SY.1
1
2
3
4
5
6
7
8
9

10
11
12

13.2N
13.2N
13.2N
13.2N
13.lN
12.9N
12.6N
12.3N
13.ON
13.9N
14.9N
15.7N

EU6?NEQS-ER
140.3E 51.2
139.5E 41.9
138.62 52.6
137.5E 37.8
136.8E 5.8
136.3E 25.1
136.OE 11.7
135.5E 5.9
135.4E 18
137.OE 24.1
138.4E 18.4
140.OE 34

102.6
146.6
18.9
N/A
78.9
17.6
N/A

205.9
282.8
106.8
N/A
N/A

223.2
N/A
N/A
N/A
N/A
N/A
N/A

514.8
N/A
N/A
N/A
N/A

35
45
65
70
75
55
35
25

30
35
40
50
55
55
60
60
65
60
50
40

5
.0
0
0
5
25
25
25

5
5
10

-lo
-lo
-15
-20
-20
-25
-20
15
30

-lo
-5
0

25
45
45

N/A
N/A

15
-lo
-15
N/A
-30
-35
N/A
-15
-5
-5

N/A
N/A

-lo
35
40
45

N/A
N/A
N/A
N/A

48 ~
-30
N/A
N/A
N/A
ti/A
N/A
N/A

5
NIA
N/A
N/A
N/A

204



q- Cyclccle 16P QQhzhm
Average 67 424 N/A
# Cases 3 1 0

u EJuA!Im_I&?N KaE1324_ER4.8JR BM!uikELEB 2.4_KE4f!aE
87020818 1 18.5N 173.6E 45.5 424.1 N/A 25 20 30 N/A
87020906 2 21.9N 177.7E 13.2 N/A N/A 25 5 N/A N/A
87020918 3 26.lN 180.8E 144.3 N/A N/A 25 5 N/A N/A

T~iael Cyclme 17S

87021106
87021118
87021206
87021218
87021306
87021318
87021406
87021418
87021506
87021518

w
1
2
3
4
5
6
7
8
9

10

21.lN
21.ON
20.9N
20.8N
20.9N
20.9N
20.7N
21.lN
22.lN
23.ON

m
87022212 1
87022300 2
87022312 3
87022400 4
87022412 5
87022500 6
87022512 7

15.6N
15.8N
15.8N
16.2N
17.2N
18.6N
19.9N

m
Average 51

# Cases 10

BT-LQNE!QELEB
53.8E 84.2
54.OE 83.8
54.3Fl 21.2
54.8E 18.9
55.6E 28.7
56.4E 12.7
56.4E 55.1
55.7E 119.3
54.6E 23
53.OE 68.7

9.Qh
Average 11

# Cases 7

BT_um E!2&EB
123.OE 6
121.4E o
120.7E 8.3
121.2E 29.3
121.6E 16.6
121.2E 5.7
121.OE 12.8

mm
109 227
7 6

24-ER4?-E13
79.7 81.1
125.1 147.9

45 131.7
95.1 285
16.4 229.5
171.4 486.9
233.7 N/A
N/A N/A
N/A N/A
N/A N/A

i?alsh
147 369
6 4

z9_ERa_ER
106.6 389.7
175.2 6812.6
178.9 317.4
198.9 427.8
29.4 N/A
193.3 N/A
N/A N/A

30
35
35
45
45
45
40
35
30
30

30
35
40
45
45
55
55

5
0
5
10
10
5
10
0
5
5

0
0
0
0
0
0
0

?4 m
10
0
5
20
25
15
5

N/A
N/A
N/A

10
5
5
0

-15
0

N/A

5
5
15
15
25
15

N/A
N/A
N/A
N/A

48 ~
15
5
5

20
N/A
N/A
N/A

TropicalCyclam 19P QQhiwm
Average 5 332 N/A
# ~ses 3 1 0

m Ex-IAz ELLS?NPQLEB ZLEB 4?-EB Bx.J!?NMw._E6 2!ME U?_IYE
87022818 1 14.9N 197.9E O 332.1 N/A 35 0 5 N/A
87030106 2 18.5N 200.OE o N/A N/A 35 0 N/A NIA
87030118 3 202.8E 16.3 N/A N/A 40 -5 N/A NIA

.
Trepioal -clone 20P L!QhiMh Mh

Average 47 146 286
# Cases 9 6 4

Y.t m..xu EUQNK?LEB 2LEB a_EB B.ZJWHKEB ZQIE Au!u2
87030112 1 13.5N 187.4E 55.5 183.9 244.3 35 0 -lo -15
87030200 2 13.9N 190.5E 83.3 170.8 261.5 40 0 -5 -15
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87030212 3 15.3N .A- .- .. “ .-” --- -. ..- . -- -.

87030312 4 20.5N
87030400 5 22.2N
87030412 6 23.5N
87030500 7 24.9N
87030512 8 26.2N
87030600 9 28.lN

TYxpicalqclone 21s

87030300
87030312
87030400
87030412
87030500
87030512
87030600
87030612
87030700
87030712
87030800
87030812
87030900
87030912
87031000
87031012
87031100
87039112
87031200
87031212
87031300
87031312
87031400
87031412
87031500

Iu
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

13.7N
13.2N
12.5N
13.ON
13.ON
13.5N
13.7N
13.ON
12.IN
12.ON
12.lN
12.7N
13.4N
14.5N
15.3N
16.4N
17.ON
17.7N
18.8N
20.lN
22.lN
23.6N
24.6N
25.5N
27.2N

Tropical CyclaIe 22P

87030818
87030906
87030918
87031006
87031018
87031106
87031118

w
1
2
3
4
5
6
7

16.6N
17.3N
17.9N
18.2N
18.8N
19.5N
20.2N

LYs..xi s~.1

194.5E 89.6
195.3E 51.5
196.5E 24.6
198.2E 16.2
200.3E 36
203.6E 36.5

La I Sub.a

185.4 333.6
108 N/A
76.3 N/A
N/A N/A
N/A N/A
N/A N/A

S!Qh
Average 47
# Cases 25

BLIQNE2aEiB

29hsMh
188 307
20 18

2,LER4ELE13
71.5E 34.7 242.5 449.6
71.4E
71.5E
72.lE
72.7E
74.3E
75.5E
75.6E
76.7E
76.6E
75.9E
75.lE
74.OE
73.lE
72.4E
71.9E
71.7E
72.OE
72.9E
74.4E
75.3E
74.9E
73.9E
73.4E
73.5E

Average
# Cases

8.4
44.8
72.6
123.4
62.7
42

104.3
21.5
119

59.2
12

16.7
13.3
5.8

23.8
18

41.8
61.7
51.1
45.7
89.8
18

63.8
42.3

QQh
50
7

BLLQNEXLEB
163.9E 29.2
163.7E 18.9
163.6E 39.9
163.7E 11.4
164.3E 13.3
165.OE 22.6
167.2E 216.2

108.9
307.4
273.2
327.6
282.9
288.4
247.1
136.6
358.7
242.1
24.7
94.3.
13

62.9
154.2
115.6
191.6
202.9
84.7
N/A
N/A
N/A
N/A
NIA

all
96
5

109.6
74

132.5
41.3
124
N/A
N/A

277.2
566.7
468.5
449
493

431.8
286.8
157
N/A

345.7
54.9
197.1
136.3
232.9
332.5
279.7
189.7
188.2
N/A
N/A
N/A
N/A
N/A
N/A

212
3

243.7
138

256.1
N/A
N/A
N/A
N/A

43

60
65
65
55
65
65

30
35
40
40
40
40
40
35
35
35
40
55
70
70
65
65
65
65
65
55
50
50
45
40
40

40
65
65
65
55
40
35

-3

-5
-10
0
0
0
0

5
10
10
15
25
20
10
15
0
0
-5
-lo
-lo
0
0

-5
-lo
-lo
-15
-5
-5
-lo
-5
-5
-lo

-5
-lo
0

-lo
0
5

-Zu
-15
-15
-20
N/A
N/A
N/A

?4 w?
15
25
20
25
30
10
10
5
-5

-25
-35
-lo
10
0

-lo
-15
-20
-15
–20
-20
N/A
N/A
N/A
N/A
N/A

24 W
-20
5
-5
0
10

N/A

-Z3

-20
N/A
N/A
N/A
N/A
N/A

25
25
25
30
40
0

-5
-20
-40
N/A
-35
0
0

-5
-20
-15
-lo
-15
-15
N/A
N/A
N/A
N/A
NIA
N/A

o
35
5

N/A
N/A
N/A

o N/A NIA



TrUpical ~one 23P QQh
Average 25
# Cases 17

87040812
87040900
87040912
87041000
87041012
87041100
87041112
87041200
87041212
87041300
87041312
87041400
87041412
87041500
87041512
87041600
87041612

H
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

8.6N
9.3N
10.3N
11.lN
11.2N
11.7N
12.4N
13.4N
14.ON
14.6N
14.9N
14.8N
14.8N
15.lN
15.8N
16.6N
18.4N

~~
138.OE 5.9
136.3E 16.9
134.4E 21.4
132.6E 18.9
130.9E 38.1
128.5E 18.6
126.2E 25.2
124.2E 5.8
122.8E 71.2
121.4E 8.3
120.6E 5.8
119.3E 21.4
117.9E 23.2
115.9E 8.3
113.6E 39
111.6E 54.4
109.9E 43.7

90
12

109.5
67.7
59.6
96

110.4
66

77.6
159.1
117.6
75.8
69.3
71.5
NIA
N/A
N/A
N/A
N/A

m
166
12

120.9
111.8
158

123.1
125.6
115.2
180.6
334.7
220.8
170.4
177.7
157.9
N/A
N/A
N/A
N/A
N/A

‘lbpicalcyclona 24S QQhz4h48h
Average 35 209 509
# Cases 8 6 4

87042300
87042312
87042400
87042412
87042500
87042512
87042600
87042612

w
1
2
3
4
5
6
7
8

27.lN
27.6N
28.5N
29.8N
30.8N
31.3N
31.3N
31.ON

Er_r&NE!Qs_EB
42.2E 8
41.6E 32
42.4E 51.8
44.lE 39.3
47.5E 16.6
50.6E 31.3
53.7E 73.9
56.lE 31.7

122.8
208.7
339.5
243.5
105.1
238.4
N/A
N/A

486.4
494.1
633.8
461.5
N/A
N/A
N/A
N/A

w~qti- 25P QQhi%lh&!h
Average 49 136 273
# Cases 7 5 4

87042300
87042312
87042400
87042412
87042500
87042600
87042612

IYl
1
2
3
4
5
6
7

11.9N
13.6N
15.3N
17.ON
19.ON
24.ON
26.2N

BuLQNRQsaB
189.6E 65.7
190.5E 6
191.3E 40
192.lE 30.5
193.lE 95.5
198.6E 30.5
202.2E 80.3

143.5
64.2

107.6
135.3
229.6
N/A
N/A

310.4
150.9
322.1
311.8
N/A
N/A
NIA

35
40
45
45
45
45
45
50
55
65
55
55
45
45
45
35
35

45
55
70
70
65
60
50
40

35
45
55
50
45
30
25

0
10
10
10
10
10
15
10
5
-5
5
-5
-lo
0
0
5
0

-15
-20
-25
-5
0
0
0
0

10
-lo
-lo
-5
5
15
-5

24 W?
10
15
15
15
10
-5
5
5
5

20
5
0

N/A
N/A
N/A
N/A
N/A

-40
-25
-15
-15
-5
0

WA
N/A

5
-20
5
5
10

N/A
N/A

10
72
10
5
5
15
20
25
25
30

N/A
N/A
N/A
N/A
N/A
N/A
N/A

-30
-20
-5
-lo
N/A
N/A
N/A
N/A

20
-lo
15
10

N/A
N/A
N/A
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~~ ~clone 26S QQh29hm.h
Average 47 161 344
# Cases 5 3 1

JM Ec.uQEuQN EQ&ERz9_ER4B_lu3 Blurc?m-.E13 z9_m4uE
87042412 1 15.ON 74.2E 11.6 144.9 344.2 40 -5 5 35
87042500 2 14.6N 74.9E 62.6 156.1 N/A 40 -5 0 N/A
87042512 3 13.9N 74.8E 54 182.9 N/A 45 -5 25 N/A
87042600 4 13.3N 74.4E 101.3 N/A WA 35 10 N/A N/A
87042612 5 12.9N 73.9E 5.8 N/A N/A 25 5 N/A N/A

Tropical ~cl~e 27P Qf!h24h4.3.h
Average 22 93 138

* Cases 7 5 5

87052218
87052306
87052318
87052406
87052418
87052506
87052518

W&
1
2
3
4
5
6
7

12.3N
13.7N
15.ON
15.9N
16.6N
16.6N
17.5N

m-KM EQLEB
159.4E 13.4
158.6E 13.1
158.lE 23.9
157.5E 8.3
157.lE 37.8
156.8E 24.7
156.3E 33.2

87.7
45.8
99.6

102.6
132.1
N/A
N/A

48 ER
67.7

155.7
255.6
108.6
101.7
N/A
N/A

35
40
45
45
45
35
30

-5
-5
0
0
10
5
0

24 w,
10
0
5
10
25

N/A
N/A

20
10
10
15
20

N/A
N/A

Tropical ~claw 28s fKlh2flh9!2h
Average 56 194 450
# Cqses 5 3 1

M# BTJ7u ETJc?NmLEB 29_EB4.fLEIi ET.JTNM!LEB Z9.aE 4M!IE
87062500 1 8.ON 87.4E 16!5.7 321.3 449.6 30 5 30 N/A
87062512 2 7.4N 87.3E 16.9 55.1 N/A 30 5 15 N/A
87062600 3 7.6N 86.7E 45.4 206.9 N/A 25 10 0 N/A
87062612 4 8..5N 85.8E M.8 N/A NIA 30 5 N/A N/A
87062700 5 9.9N 86.6E 36.5 N/A N/A 30 0 N/A N/A



APPENDIX I

DEFINITIONS
BEST TRACK - A subjectively smoothed path,

versus a precise and very erratic fro-to-fix path, used to
represent tropical cyclone movemen~

CENTER - The vertical axis or cone of a tropical
cyclone. UsuaIly determined by wind, temperature, and/or
pressure disrnbution.

CYCLONE - A closed atmospheric circulation
rotating about an area of low pressure (counterckxkwise
in the northern hemisphere).

EPHEMERIS - Position of a body (satellite) in space
as a fimction of timq used for griddlng satellite imagery.
Since ephemeris gridding is based solely on the predicted
position of the satellite, it is susceptible to errors from
vehicle wobble, orbital eccentricity and the oblateness of
the earth.

EXPLOSIVE DEEPENXNG - A decrease in the
minimum sea-level pressure of a tropical cyclone of 2.5
mb/hr for 12 hours or 5.0 mbhr for six hours (Holliday
and Thompson, 1979).

EXTRATROPICAL - A term used in warnings and
tropical summaries to indicate that a cyclone has lost its
“tropical” characteristics. The term implies both
poleward displacement froom the tropics and the
conversion of the cyclone’s primary energy sources from
release of latent heat of condensation to baroclinic
processes. The term carries no implications as to
strength, size or intensity.

EYE - A term used to describe the central area of a
tropical cyclone when it is more than half surrounded by
wall cloud.

FUJIWHARA EFFECT - An interaction in which
tropical cyclones witldn 700 nm (1296 km) of each other
begin to rotate about one another. When intensetropical
cyclones are within about 400 nm (741 km) of each other,
they may also begin to be drawn closer to each other
(Brand, 1970) (Dong and Neumann, 1983).

INTENSJTY - The maximum wind speed, typically
within one degree of the center of the tropical cyclone.

MAXIMUM SUSTAINED WIND - Highest surface
wind speed averaged over a one-minute period of time.
Peak gusts ovez water average 20 to 25 percent higher
than sustained winds.

RAPID DEEPENING - A decrease in the minimum
sea-level pressure of a tropic-al cyclone of 1.25 mb/hr for
24 hours (Holliday and Thompson, 1979).

RECURVATURE - The turning of a tropical cyclone
from an initial path toward the west or northwest to a path
toward the northeast.

SIGNIFICANT TROPICAL CYCLONE - A tropical
cyclone becomes “significant” with the issuance of the
first numbered warning by the responsible warning
agency.

SIZE - The area] extent of the tropical cyclone
measured radially outward from the center (e.g., radius of
the outer closed isobar ).

STRENGTH - The avemge wind speed of the inner
low-level circulation, usually measured within one to
ties degrees of the center of the tropical cyclone.

SUPER TYPHOON (HURRICANE) - A typhoon or
hurricane in which the maximum sustained surface wind
(one-minute mean) is 130 kt (67 mlsec) or greater.

TROPICAL CYCLONE - A non-frontal, migratory
low-pressure system of usually synoptic sc.@edeveloping
over tropical or subtropical waters and having a definite
organized circulation.

TROPICAL DEPRESSION - A tropical cyclone in
which the maximum sustained surface wind (one-minute
mean) is 33 kt (17 m/see) or less.,.

TROPICAL DISTURBANCE - A discrete system of
apparently organized convection - generally 100 to 300
nm (185 to 556 km) in diameter - originating in the
tropics or subtropics, having a non-frontal migratory
character and having maintained its identity for 12- to 24-
hours. It mayor may not be associated with a detectable
perturbation of the wind field. As such, it is the
basic enenc designation which, in successive stages of

2iden “ lcation, may be classified as a tropical depression,
tropical storm or typhoon (hurricane).

TROPICAL STORM - A tropical cyclone with
maximum sustained surface winds (one-minute mean) in
the range of 34 to 63 kt (17 to 32 m/see) inclusive.

TROPICAL UPPER-TROPOSPHERIC TROUGH
(TU’IT) - A dominant clirnatolo ical system (upper-level

ftrough) and a daily synoptic eature, of the summer
season, over the tropical North Atlantic, North Pacific
and SouthpaCtiCOCeStlS(Sadler, 1979).

TYPHOON / HURRICANE - A tropical cyclone in
which the maximum sustained surface wind (one-minute
mean) is 64 kt (33 m/see) or greater. West of 180
longitude degrees they are called typhoons and east of
180 degrees longitude they are called hurricanes. Foreign
governments use these and other terms for uopical
cyclones and may apply different intensity criteria.

WALL CLOUD - An organized band of cumuliform
clouds immediately surrounding the central area of a
tropical cyclone. The wall cloud may entirely enclose or
partially surround the center.
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APPENDIX H

column 1

ANDY
BRENDA
CECIL
DOT
ELLIS
FAYE
GORDON
HOPE
IRVING
JUDY

~:A
MAc
NANCY
OWEN
PEGGY
ROGER
SARAH

VERA
WAYNE

NAMES FOR TROPICAL CYCLONES

column 2 Column 3 column 4

ABBY
BEN
CARMEN
DOM
ELLEN
FORREST
GEORGIA
HERBERT

%

LEx
MARGE
NORRIS
ORCHID
PERCY

:PFmY
THELMA
VERNON
WYNNE

ALEX
BETTY
CARY
DINAH
ED
FREDA
GERALD
HOLLY
IAN

KELLY
LYNN
MAURY

~D;N
PHYLLIS
ROY
SUSAN

VANESSA
WARREN

AGNES
BILL
CLARA
DOYLE
ELSIE
FABIAN
GAY

IRMA
JEFF

MAMIE
NELSON
ODESSA
PAT
RUBY
SKIP
TESs

&%ONA

NOTE:
Names are assigned in rotation, alphabetically. When the last name (WINONA) has been use& the
sequence will begin again with “ANDY”.

SOURCE: CINCPACINST 3140.1 (series)
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APPENDIX IV

PAST ANNUAL TROPICAL CYCLONE REPORTS

Copies of the past
Annual Tropical Cyclone

Reports
Cm be obtained through:

National Technical Information Service
5285 Port Royal Road

Springfield, Virginia 22161

Refer to the following acquisition numbers when ordering:

XE4R
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
19-?0
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986

UISITION NUMBER

AD 786147
AD 786148
AD 786149
Al) 786128
AD 786208
AD 786209
AD 786210
AD 785891
AD 785344
AD 785251
AD 785178
AD 785252
AD 768333
AD 768334
AD 777093
AD 0102’71

AD A023601
AD A038484
AD A055512
AD A070904
AD A082071
AD A094668
AD A112002
AD A124860
AD A137836
AD A153395
AD A168284
AD A184082

213



UNCLASSIFIED
:uRITY CLASSIFICATION OF THIS PAGE

REPORT DOCUMENTATION PAGE

REPORT SECURITY CLASSIFICATION

UNCLASSIFIED
SECURITY CLASSIFICATION AUTtiORITY

,, DE CLASSIFICATION/DOWNGRADING SCHEDULE

PERFORMING ORGANIZATION REPORT NUMBER(S)

NAME OF PERFORMING ORGANIZATION 6b. OFFICE SYMBOL

WOCEANCOMCEN/JWC
(lf applicable)

AOORESS (City. State and ZIP Code)

:ONNAVMAR BOX 17
‘.P.O. SAN FRANCISCO, CA 96630

NAME OF FUN OING/SPONSORING Sb. OFFICE SYMBOL
ORGANIZATION (If appkzble)

UWOCEANCOf4CEN/JTWC
AOORESS (City. State and ZIP Co&)

:ONNAVMAR BOX 17
‘.P.O. SAN FRANCISCO, CA 96630

11 T LE (Inclu& Secwity CVauification)

P87 ANNuAl TROPICAL CYCLONE REPORT
PERSONAL AUTHOR(S)

lb. RESTRICTIVE MARKINGS

3. DISTRIBUTION/AVAILABILITY OF REPORT

AS IT APPEARS IN THE REPORT/
DISTRIBUTION UNLIMITED

5. MONITORING ORGANIZATION REPORT NUMBER(S)

7s. NAME OF MONITORING ORGANIZATION

NAVOCEANCOMCEN/JTWC

7b. AOORESS (City, State and ZIP Code)

COMNAVMAR BOX 17
F.P.O. SAN FRANCISCO, CA 96630

9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER

10. SOURCE OF FUNOING NOS.

PROGRAM PROJECT TASK WORK UNIT
ELEMENT NO. NO. NO. NO.

a TYPE OF REPORT I 13b. TIME COVERED I 14. OATE OF REPORT (Yr., Me., DaY) [ 15. PAGE COUNT

\NNUAL I FROM~ TO~l 1987 I 213 PLUS i-xii
SUPPLEMENTARY NOTATION

COSATI COOES 18. SUBJECT TERMS (Con tmue on reverse if necessary and t&n tify by block number)

IELD GROUP SUB. GR. TROPICAL CYCLONES TROPICAL STORMS
14 02 TROPICAL DEPRESSIONS TYPHOONS/SUPER TYPHOONS

TROPICAL CYCLONE RESEARCH HETEOROL061CAL SATELLITE
ABSTRACT (Con tmue on reverse #f neceesary and t&n hfy by block number)

WNUAL PUBLICATION SUM4ARIZIN6 TROPICAL CYCLONE ACTIVITYIN THE HESTERN NORTH PACIFIC,
MY OF BEN6AL AND THE ARABIAN SEA, AND SOUTH PACIFIC AND SOUTH INDIAN OCEANS. A BEST
TRACK IS PROVIDED FOR EACH SIGNIFICANT TROPICAL CYCLONE. A BRIEF NARRATIVE IS GIVEN FOR
~LL TYPHOONS AND SELECTED TROPICAL CYCLONES IN THE MESTERN NORTH PACIFIC AND NORTH INDIAN
)CEAN. ALL RECONNAISSANCE DATA USED TO CONSTRUCT THE BEST TRACKS ARE PROVIDED.
VERIFICATION DATA AND STATISTICS FOR THE JOINT TYPHOON WINING CENTER (JTWC) ARE

OISTHIBUTION/AVA INABILITY OF ABSTRACT

iCLASSIFIEO/UN LIMITEO ~ SAME AS RPT. ~ OTIC USERS ❑

~ NAME OF RESPONSIBLE INDIVIDUAL

FRANK H. UELLS

) FORM 1473, 83 APR EDITION OF 1 JAN 73 I

FORECAST
SUBMITTED.

21. A8STRACTSECURITY CLASSIFICATION

UNCLASSIFIED

22b. TELEPHONE NUMBER

I22c. OFFICE SYMBOL
(include .-t rea Code)

671-344-5240 NOCC/JTWC
I

OBSOLETE. UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE



UNCLASSIFIED

[CURITY CLASSIFICATION OF THIS PAGE

BLOCK 18 (CONTINUED)
TROPICAL CYCLONE BEST TRACK DATA
TROPICAL CYCLONE FORECASTING
AIRCRA~ RECONNAISSANCE
DYNAMIC TROPICAL CYCLONE lHIDELS
NPHOON ANAL06 MODEL
TROPICAL CYCLONE STEERING HDDEL
CLIUATOL06Y/PERSISTENCE TECHNIQUES
TROPICAL CYCLONE FIX DATA

SECURITY CLASSIFICATION OF THIS PAGE



The Wh@wan insi~ ~ the 54 74?%$ Tiihoon
Chasers k inclhff in Adicatwn to the squ.tdron>

forty-three gear’s ofsupp~ to the tropical cyc(one
fmecast andwarthg mkswn. Zke natutvande,@vat
of their involvement w“th the ‘US!IMCOM tropical
cyche warniqg system is best akcribed 6y their list
Commander, Lt. Col !Don %! Owen, during Ii& 1987
Tropical Cyclonr Conference briefin., ‘% we
&activate on 1 October, we UM not be f~ng with
you, t%enallj, but our harts andwidies fmsuccessfd
typhoonforwasti~ twnainwith you in thejitunz”

4 ‘- Loo&tg across the stm$oardw“ngand outlioarde@ne of the 54th Weadier ~sance Squad% (54
w) W’C-130 aircnaft’the camerucaptu.w a scdon of the spectaculiwinner walZcf’liihoon ‘@nne> (07’W) eye.

27ie t@ht curvatwz of the eye zva/Zdbudshows across the top of the iqe. @he pentqgons near the caztir 4 the

4 photoytuph an due to sutdijht glivv & die lbzs diaphqqm ~ the cameru.) At the time the picture was M&n,

260010Z~@ 1987, the ainxafttumnnaissancemakion(AY86105O7 W&A@@2]wasting the eye over the !l?hi@pine

Sea, 250 nm (463 km)northqftjuam and48 nm (89 fire)wwt of the MndofPqyan in the northn Wiuianas. %
cimdiw eye diameter was 16 nm (30 km) andtke minimumsea-live fprtssm at that time was 922 d (I%oto murtq

ofDetachment 3, 1st Wider ‘M4ngand~nneth ‘W !@xe, Captak ‘USAF).
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‘i7ie Air Force Air Weat&r Sertice celebrated its 5(?th anniversary on 1 Jufii 1987. %

insignia that was duignedfm the occaswn h dtiplizyeff here in recopition cfDetaclhent 1,
Ist ‘?lkather ‘Wi~> enormous conti”bution to thz !?L@VOC’EX?@OM5Y@’7W’C tropical
cyclone forecast and warning support to tlie U. S. Pacific Command. Twenty -ei~fit
years of cooperation between ~avy and Air Force personnel workin. at
9.@~OC’EmOMCEwJTWC have resulted in one of the finest tropical cyclone
fwecasti~ centers in the W&.
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