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FRMCOER-* '7le dgitized image (center of (ower
4' square) of surface wind speed shows Typhoon Xjffy

(19'W) (circular pattern at the top right) and the
!Phi~ppine Isfands (black shapes at bottom tkft). qThe

technique to develop these surface widdspeedf"& s

fief algorithim uses the polarized 19 (horizontaf), 22
(vertical) and 3 7 (vertical and horizonta) gigahertz
(qs'tc) channefs of the !Defense M(eteoro&ogia(Sateffite
PErogram's new special sensor. the microwave imager
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DEPARTMENT OF THE NAVY

U.S. NAVAL OCEANOGRAPHY COMMAND CENTER/
JOINT TYPHOON WARNING CENTER

COMNAVMARIANAS BOX 12
FPO SAN FRANCISCO 96630-2926

,; 3140

Ser 012
19 January 1988

From: Commanding Officer, U.S. Naval Oceanography Command
Center/Joint Typhoon Warning Center, Guam

To: Distribution

Subj: PROMULGATION OF 1987 ANNUAL TROPICAL CYCLONE REPORT

Ref: (a) USCINCPACINST 3140.1S (NOTAL)

1. The Annual Tropical Cyclone Report for 1987 is promulgated 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.

~C.* W.H
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FOREWORD

The Annual Tropical Cyclone Report is prepared by the In addition, the Naval Oceanography Command Detachment,
staff of the Joint Typhoon Warning Center (JTWC), a combined Diego Garcia, and Defense Meteorological Satellite Program
USAF/JSN organization operating under the command of the (DMSP) equipped U.S. Navy aircraft carriers have been
Commanding Officer, U.S. Naval Oceanography Command instrumental in providing vital satellite position fixes of tropical
Center/Joint Typhoon Warning Center, Guam. JTWC was cyclones in the Indian Ocean.
established in April 1959 when USCINCPAC directed
USCINCPACFLT to provide a single tropical cyclone warning Should JTWC become incapacitated, the Alternate
center for the western North Pacific region. The operations of Joint Typhoon Warning Center (AJTWC) located at the U.S.
JTWC are guided by CINCPACINST 3140.1 (series). Naval Western Oceanography Center, Pearl Harbor, Hawaii,

assumes warning responsibilities. Assistance in determining
The mission of the Joint Typhoon Warning Center is satellite reconnaissance requirements, and in obtaining the

multi-faceted and includes: resultant data, is provided by Det 4, 20WS Hickam AFB.
Hawaii.

1. Continuous monitoring of all tropical weather
activity in the northern and southern hemispheres, from 180 Changes to this year's publication include: statistical
degrees longitude westward to the east coast of Africa, and the verification for individual warnings for the North Indian Ocean

.,-,,prompt issuance of appropriate advisories and alerts when and the southern hemisphere are provided. Again, as last year,
tropical cyclone development is anticipated raw fix data files previously printed in Annex A. plus the raw

.: warning, forecast and best track data, will be available, upon
.' .; 2. Issuing warnings on all significant tropical request (the requested data will be copied onto 5.25 inch
'J cyclones in the above area of responsibility. "floppy" diskettes provided by the requestor); and. with

reference to best track philosophy, a conscious effort has been
3. Determination of reconnaissance requirements made to extend the post-warning best tracks to provide better

for tropical cyclone surveillance and assignment of appropriate verification for the 48- and 72-hour forecasts.
priorities.

A special thanks is extended to the men and women
4. Post-storm analysis of all significant tropical of: 27th Information Systems Squadron. Operating Location C

cyclones occurring within the western North Pacific and North and the Operations section of the Naval Oceanography
Indian Oceans, which includes an in-depth analysis of tropical Command Center, Guam for their continuing support by
cyclones of note and all typhoons. providing high quality real-time satellite imagery; Marine Corps

Air Station, Futenma, Japan for their satellite fix support; the
5. Cooperation with the Naval Environmental Pacific Fleet Audio-Visual Center, Guam for their assistance in

Prediction Research Facility (NEPRF), Monterey, California, on the reproduction of satellite data for this report; to the Navy
the operational evaluation of tropical cyclone models and Publications and Printing Service Branch Office, Guam; the
forecast aids, and the development of new techniques to support Royal Observatory Hong Kong for supporting synoptic data on
operational forecast scenarios. Super Typhoon Lynn (20W); the Central Weather Bureau,

Taiwan for radar scope photographs of Typhoons Vernon
Satellite imagery used throughout this report (06W), Alex (08W) and Gerald (14W); Dr. Bob Abbey of the

represents data obtained by the tropical cyclone satellite Office of Naval Research for his technical support to this
surveillance network. The personnel of Detachment 1. IWW, publication; Mr. Michael Fiorino at NEPRF for his software
collocated with JTWC at Nimitz Hill, Guam, coordinate the conversion for the statistical programs; Mr. S.D. Rice, manager
satellite acquisitions and tropical cyclone surveillance with the of Mobil Oil Micronesia, Inc. for his damage photos of Ulithi
following units: Atoll after Typhoon Orchid (01W); Dr. Greg Holland for

Det 4, 20WS. Hickam AFB, Hawaii sharing the ship's log account of Typhoon Lynn (20W); and
Captain K. W. Reese (USAF) for the reconnaissance photograph

Det 5, 20WS, Clark AB, RP of Typhoon Wynne (07W)

Det 8, 20WS, Kadena AB, Japan
Note: Appendix IV contains information on how to

Det 15,30WS, Osan AR, Korea obtain past issues of the Annual Tropical Cyclone Report (tided
Annual Typhoon Report prior to 1980).

Air Force Global Weather Central,
Offutt AFB, Nebraska
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CHAPTER I -OPERATIONAL PROCEDURES

1. GENERAL b. CONVENTIONAL DATA:

The Joint Typhoon Warning Center This data set is comprised of land-based
(JTWC) provides a variety of routine services to and shipboard surface and upper-air
the organizations within its area of respon- observations taken at, or near, synoptic times,
sibility, including: cloud-motion winds derived twice daily from

satellite data, and enroute meteorological
a. Significant Tropical Weather observations from commercial and military

Advisories: issued daily, these products aircraft (AIREPS) within six hours of synoptic
describe all tropical disturbances and assess times. Conventional data charts are prepared
their potential for further development during daily at OOOOZ and 1200Z using computer- and
the advisory period; hand-plotted data for the surface/gradient and

200 mb (upper-tropospheric) levels. In addition
b. Tropical Cyclone Formation Alerts: to these analyses, charts at the 925, 850, 700,

issued when synoptic, satellite and/or aircraft 500 and 400 mb levels are computer-plotted
reconnaissance data indicate development of a from rawinsonde/pibal observations at the 12-
significant tropical cyclone in a specified area is hour synoptic times.
likely; c. AIRCRAFT RECONNAISSANCE:

c. Tropical Cyclone Warnings: issued
periodically throughout each day for significant Data provided by aircraft weather
tropical cyclones, giving forecasts of position reconnaissance are invaluable for locating the
and intensity of t~ie system; and position of the center of developing systems and

essential for the accurate determination of:
d. Prognostic Reasoning Messages:

issued twice daily for tropical storms and - maximum surface and flight-level
typhoons in the western North Pacific; these wind
messages discuss the rationale behind the most - minimum sea-level pressure
recent JTI'VVC warnings. - horizontal surface and flight-levelwind distribution

The recipients of the services of JTWC - eye/center temperature and dew
essentially determine the content of JTWC's point
products according to their ever changing
requirements. Therefore, the spectrum of In addition, wind and pressure-height
routine services is subject to change from year data at the 500 and/or 400 mb levels, provided
to year. Such changes are usually the result of by the aircraft while enroute to, or from fix
deliberations held at the Annual Tropical missions, or during dedicated synoptic-scale
Cyclone Conference. flights, provide a valuable supplement to the all

too sparse data fields of JTWC's area of
2. DATA SOURCES responsibility. A more detailed discussion ofaircraft weather reconnaissance is presented in

a. COMPUTER PRODUCTS: Chapter II.

A standard array of synoptic-scale d. SATELLITE RECONNAISSANCE:

available from the Fleet Numerical from the Defense Meteorological Satellite
Oceanography Center (FLENUMOCEANCEN) Program (DMSP) and National Oceanic and
at Monterey, California. These products are Atmospheric Administration (NOAA)
provided to JTWC via the Naval Environmental spacecraft played a major role in the early
Data Network (NEDN).

J4



detection and tracking of tropical cyclones in
1987. A discussion of the role of these An expanded buoy network for the
programs is presented in Chapter II. 1988 tropical cyclone season is being planned.

a. JTWC currently has access to three
e. RADAR RECONNAISSANCE: primary communications circuits.

During 1987, as in previous years, land- 3. COMMUNICATIONS
based radar coverage was utilized extensively
when available. Once a tropical cyclone moved (1) The Automated Digital
within the range of land-based radar sites, their Network (AUTODIN) is used for dissemination
reports were essential for determination of of warnings, alerts and other related bulletins to
small-scale movement. Use of radar reports Department of Defense installations. These
during 1987 is discussed in Chapter II. messages are relayed for further transmission

f rover U.S. Navy Fleet Broadcasts, and U.S.
f. DRIFTING METEOROLOGICAL Coast Guard CW (continuous wave Morse

BUOYS: Code) and voice broadcasts. Inbound message
traffic for JTWC is received via AUTODIN

JTWC received wind speed, sea-level addressed to NAVOCEANCOMCEN GQ or
pressure, sea surface temperature and air DET 1, IWW NIMITZ HILL GQ.
temperature reports from six drifting
meteorological buoys deployed by the U.S. (2) The Air Force Automated

Navy beginning in the middle of June 1987. Weather Network (AWN) provides weather
One line of three buoys was deployed along 7 data to JTWC through a dedicated circuit from
degrees North Latitude from south of Guam the Automated Digital Weather Switch
eastward toward the Marshall Islands. Another (ADWS) at Hickarn AFB, Hawaii. The ADWS
set of three was deployed along 11 degrees selects and routes the large volume
North Latitude from southwest of Guam meteorological reports necessary to satisfy
eastward through the Caroline Islands. The JTWC requirements for the right data at the
buoys performed flawlessly throughout most of right time. Weather bulletins prepared by
the western North Pacific tropical cyclone JTWC are inserted into the AWN circuit via the
season. At the end of the year, four buoys Naval Environmental Display Station (NEDS)
continued to operate, one no longer transmitted through the Nimitz Hill Naval Telecom-
data and annother was apparently taken to munications Center (NTCC) of the Naval
Tandag City, Mindanao, R.P., where it Communications Area Master Station Western
continued to transmit. The three northernmost Pacific.
buoys tracked basically westward and covered
25 to 35 degrees of longitude. The southern (3) The Naval Environmental Data
buoys drifted more slowly and erratically. One Network (NEDN) is the communications link
buoy either snagged its drouge on a submerged with the computers at FLENUMOCEANCEN.
reef east of Woleai Atoll or became trapped in JTWC is able to receive environmental data
an eddy within the island/reef chain, from FLENUMOCEANCEN and provide data

directly to the computers to execute numerical
JTWC received at least one position techniques.

update from each buoy per day and up to eight
meteorological data updates per buoy per day. b. NEDS has been the backbone of the
Buoy data were consistent with the data from JTWC communications system for several
other conventional sources to the extent that years. Currently, JTWC is undergoing an
they was considered to be, in most cases, more upgrade that will make use of microcomputer

., reliable and more accurate than ship reports and technology and automate much of the work that
some island reporting stations. As a backup and goes into message preparation and transmission.
position check, JTWC also received buoy data, This will decrease the work load on the NEDS
on a delay basis, over the AWN (Manop header and allow JTWC to interface directly with
SSVX6 LFPW). NTCC for AWN and AUTODIN messages.
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4.ANALYSES a. MOVEMENT

A composite surface/gradient-level (1) 12-HOUR EXTRAPOLATION
(3000 ft (914 in)) manual analysis of the JTWC (2) CLIMATOLOGY
area of responsibility is accomplished daily on
the OOOOZ and 1200Z conventional data. (3) COSMOS (Model Output
Analysis of the wind field using streamlines is Statistics)
stressed for tropical and subtropical regions.
Analysis of the pressure field outside the tropics ()CU Clrd tt

N is accomplished routinely by the Naval (4) veCsUM y (CoodoeSat
Oceanography Command Center OperationsUnvriyMdl
watch team and is used by JTWC in conjunction (5) OTCM (Dynamic Model)
with their analysis of the tropical wind fields.

A composite upper-tropospheric (6) TAPT (Empirical)
manual streamline analysis is accomplished (7) HPAC (Half Persistence - Halfdaily utilizing rawinsonde data from 300 mb CiaooyBed
through 100 mb, winds obtained from satellite- CiaooyBed
derived cloud motion analysis, and AIREPS
(taken plus or minus three hours of chart valid (8) TYAN78 (Analog)
time) at or above 31,000 feet (9,449m). Wind b NEST
and height data are used to generate a b NEST
representative analysis of tropical cyclone(1CLMT OG
outflow patterns, mid-latitude steering cur-rents,(1CLMT OG

4'and features that may influence tropical cyclone ()DOA Eprclintensity. All charts are hand-plotted in the ()DOA Eprcl
tropics to provide all available data as soon as (3) THETA -E (Empirical)
possible to the Typhoon Duty Officer (TDO).
These charts are augmented by computer- c. WIND RADIUS (Analytical)
plotted charts for the final analysis.

Computer-plotted charts for the 925, 6. FORECAST PROCEDURES
850, 700, 500 and 400 mb levels are available
for streamline and/or height-change analysis a. INITIAL POSITIONING
from the OOOOZ and 1200Z data base.
Additional sectional charts at intermediate The warning position is the best
synoptic times and auxiliary charts, such as estimate of the center of the surface circulation
station-time plot diagrams and pressure-change at synoptic time. It is estimated from an
charts, are also analyzed during periods of analysis of all fix information received up to
significant tropical cyclone activity, 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 platform and the5. FORECAST AIDS meteorological features used for the fix. The
interpolated warning position reduces the

The following objective techniques weighting of any single fix and results in a more
were employed in tropical cyclone forecasting consistent movement and a warning position
during 1987 (a description of these techniques is that is more representative of the larger-scale
presented in Chapter V): circulation. If the fix data are not available due

5, to reconnaissance platform malfunction or
communication problems, synoptic data or
extrapolation from previous fixes are used.

3
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b. TRACK FORECASTING c. INTENSITY FORECASTING

A preliminary forecast track is For this parameter, heavy reliance is
developed based on an evaluation of the placed on intensity trends from aircraft
rationale behind the previous warning and the reconnaissance reports when available, wind
guidance given by the most recent set of and pressure data from ships and land stations
objective techniques and numerical prognoses. in the vicinity of the tropical cyclone, the
This preliminary track is then subjectively Dvorak satellite empirical model and
modified based on the following considerations: climatology. An evaluation of the entire

synoptic situation is made, including the
(1) The prospects for recurvature location of major troughs and ridges, the

or erratic movement are evaluated. This position and intensity of any nearby tropical
determination is based primarily on the present upper- tropospheric troughs (TUTTs), the
and forecast positions and amplitudes of the vertical and horizontal extent of the tropical
middle -tropospheric, mid-latitude troughs and cyclone's circulation and the extent of the
ridges as depicted on the latest upper-air associated upper-level outflow pattern. An
analysis and numerical forecasts. essential element affecting each intensity

(2) etemintionof he est forecast is the accompanying forecast track and
(2) etemintionof he est the environmental influences along that track,

steering level is partly influenced by the such as terrain, vertical wind shear, and the
maturity and vertical extent of the tropical existence of an extratropical environment.
cyclone. For mature tropical cyclones located
south of the subtropical ridge axis, forecast d. WIND RADII FORECASTING
changes in speed of movement are closely

Acorrelated with anticipated changes in the Once the forecast intensities have been
intensity or relative position of the ridge. When derived, the horizontal distribution of surface
steering currents are relatively weak, the winds (winds greater than 30-, 50-, and 1OO-kt)
tendency for tropical cyclones to move is determined. The most recent wind radii and
northward due to internal forces is an important associated asymmetrics are deduced from all
consideration. available surface wind observations and

reconnaissance aircraft reports. Based on the
48-ourin(3) Over the 12- to 72-hour (12- to current surface wind distribution, preliminary
48hor nthe southern hemisphere) forecast estimates of future wind radii are provided by

period, speed of movement during the early an empirically derived objective technique
forecast period is usually biased towards (Holland, 1980). These estimates may be
persistence, while the later forecast periods are subjectively modified based upon the
biased towards objective techniques. When a anticipated interaction of the tropical cyclone's
tropical cyclone moves poleward, and toward circulation with forecast locations of large-scale
the mid-latitude steering currents, speed of wind regimes and significant land masses.
movement becomes increasingly more biased Other factors including the tropical cyclone's

*toward a selective group of objective techniques speed of movement and possible extratropical
'7. capable of estimating acceleration. transition are also considered.

(4) The proximity of the tropical 7. WARNINGS
cyclone to other tropical cyclones is closely
evaluated to determine if there is a possibility of Tropical cyclone warnings are issued
binary interaction. when a closed circulation is evident and

maximum sustained winds are forecast to
ci atlg fina chteckm ise madhete againast increase to 34 kt (18 m/sec) within 48-hours, or

climtolgy o dterine heter he oreast if the tropical cyclone is in such a position thattrack is reasonable. If the forecast deviates life or property may be endangered within 72-
greatly from one of the climatological tracks, hor.Wnigmaalobisudnote

the oreastratinal ma be eapraied.situations if it is determined that there is a need

4



to alert military or civil interests to threatening In addition to this message, prognostic
tropical weather conditions. reasoning information applicable to all

customers is provided in the remarks section of
Each tropical cyclone warning is warnings when significant forecast changes are

numbered sequentially and includes the made or when deemed appropriate by the TDO.
following information: the position of the
surface center; estimate of the position accuracy 9. TROPICAL CYCLONE
and the supporting reconnaissance (fix) FORMATION ALERTS
platforms; the direction and speed of movement
during the past six hours (past 12-hours in the
southern hemisphere); the intensity and radial Tropical Cyclone Formation Alerts
extent of over 30-, 50-, and 100-knot surface (TCFAs) are issued whenever interpretation of
winds, when applicable. At forecast intervals of satellite imagery and other meteorological data
12-, 24-, 48-, and 72-hours (12-, 24-, and 48- indicate that the formation of a significant
hours in the southern hemisphere), information tropical cyclone is likely. These formation
on the tropical cyclone's anticipated position, alerts will specify a valid period not to exceed
intensity and wind radii are also provided, twenty-four hours and must either be cancelled,
Vectors indicating the mean direction and mean reissued, or superseded by a tropical cyclone

"-.' speed between forecast positions are also warning prior to the expiration of the valid time.
included in all warnings.

-10. SIGNIFICANT TROPICAL
Warnings in the western North Pacific WEATHER ADVISORIES

and North Indian Oceans are issued every six
hours valid at standard times; OOOOZ, 0600Z, This product contains a general, non-
1200Z and 1800Z (every 12-hours; OOOOZ, technical description of all tropical disturbances
1200Z or 0600Z, 1800Z in the southern in JTWC's area of responsibility (AOR) and an
hemisphere). All warnings are released to the assessment of their potential for further (tropical
communications network no earlier than cyclone) development. In addition, all tropical
synoptic time and no later than synoptic time cyclones in warning status are briefly discussed.
plus two and one-half hours so that recipients Two separate messages are issued daily and are
will have a reasonable expectation of having all valid for a 24-hour period. The Significant
warnings "in hand" by synoptic time plus three Tropical Weather Advisory for the western
hours (0300Z, 0900Z, 1500Z and 2100Z). Pacific Ocean (ABPW PGTW) covers the area

east of 100 degrees East Longitude to the
Warning forecast positions are later dateline and is issued by 0600Z. The

verified against the corresponding "best track" Significant Tropical Weather Advisory for the
positions (obtained during detailed post-storm Indian Ocean (ABIO PGTW) covers the area
analysis to determine the actual path and west of 100 degrees East Longitude to the coast
intensity of the cyclone). A summary of the of Africa and is issued by 1800Z. It is reissued
verification results for 1987 is present in whenever the situation warrants. For each

O Chapter V. suspect area, the words "poor", "fair", and
"good" are used to describe the potential for

8. PROGNOSTIC REASONING development. "Poor" will be used to describe a
MESSAGES tropical disturbance in which meteorological

conditions are currently unfavorable for
For tropical storms and typhoons in the development; "fair" will be used to describe a

western North Pacific Ocean, prognostic tropical disturbance in which the meteorological
reasoning messages are transmitted following conditions are favorable for development but
the OOOOZ and 1200Z warnings, or whenever significant development has not commenced;
the previous forecast reasoning is no longer and "good" will be used to describe the
valid. This plain language message is intended potential for development of a tropical
to provide meteorologists with the reasoning disturbance covered by a TCFA.
behind the latest forecast.
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CHAPTER II - RECONNAISSANCE AND FIXES

1. GENERAL

The Joint Typhoon Warning Center JTWC with the available airframes from the
depends on reconnaissance to provide 54th WRS.
necessary, accurate, and timely meteorological
information in support of each warning. JTWC As in the previous years, aircraft
relies primarily on three reconnaissance reconnaissance provided direct measurements
platforms: aircraft, satellite, and radar. In data of standard pressure-level heights, temperatures,
rich areas, synoptic data are also used to flight-level winds, sea-level pressures,
supplement the above. Optimum utilization of estimated surface winds and numerous
all available reconnaissance resources is additional parameters. The meteorological data
obtained through the Selective Reconnaissance were gathered by the Aerial Reconnaissance
Program (SRP); various factors are considered Weather Officer and dropsonde operators from
in selecting a specific reconnaissance platform Detachment 3, 1st Weather Wing who flew with
including capabilities and limitations, and the the 54th WRS. These data provided the

, Atropical cyclone's threat to life and property Typhoon Duty Officer with indications of
both afloat and ashore. A summary of recon- changing tropical cyclone characteristics, radii
naissance fixes received during 1987 is included of associated winds and current tropical cyclone
in Section 6 of this chapter. position and intensity. Another important

aspect was the availability of the data for
S 2. RECONNAISSANCE research on tropical cyclone analysis and

AVAILABILITY forecasting.

. a. Aircraft b. Satellite

Aircraft weather reconnaissance for Satellite fixes from.USAF/USN ground
JTWC was performed by the 54th Weather sites and USN ships provide day and night
Reconnaissance Squadron (54th WRS) located coverage in JTWC's area of responsibility.
at Andersen Air Force Base, Guam. Due to Interpretation of this satellite imagery provides
budgetary decisions, 1987 was the final year for tropical cyclone positions and estimates of
dedicated weather reconnaissance in the western current and forecast intensities through the
North Pacific. The 54th WRS was deactivated Dvorak technique.
effective 1 October 1987. The phaseout of
aircraft and personnel began well before the c. Radar
actual deactivation of the squadron and effected
aircraft availability from the very beginning of Land-based radar provides positioning
the tropical cyclone season. Only four aircraft data on well-developed tropical cyclones when
were on station at the start of the year, three of in the proximity (usually within 175 nm (324
which were storm-capable. One storm-capable km)) of the radar sites in the Philippines,
aircraft was transferred to Keesler Air Force Taiwan, Hong Kong, Japan, South Korea,
Base, Mississippi on 15 July leaving just two Kwajalein, and Guam.
capable airframes to fly reconnaissance
missions up to the date of deactivation. The d. Synoptic
shortage of both aircraft and personnel
significantly limited the number of JTWC also determines tropical cyclone

ronnaissance missions that the 54th WRS was positions based on the analysis of the
able to fly throughout the season until closure, surface/gradient-level synoptic data. These
The JTWC aircraft reconnaissance requirements positions were helpful in situations where the
were provided daily to the Tropical Cyclone vertical structure of the tropical cyclone was
Aircraft Reconnaissance Coordinator (TCARC). weak or accurate surface positions from aircraft
The TCARC then married the tasking from or satellite were not available.
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TABLE 2-1. AIRCRAFT RECONNAISSANCE EFFECTIVENESS

MISSIONS TASKED COMPLETED MISSED PERCENT
FIXES 68 57 11 82.9%
INVESTS 20 16 4 76.6%
SYNOPTIC TRACKS 8 7 1 87.5%

MISSION EFFECTIVENESS GRADING
TOTAL PERCENT

FIX MISSIONS TASKED 68---
SAT ISFACTORY 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 7 3.2
1976 317 11 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 14 6.7
1986 250 10 4.0
1987 68 11 17.1

*CORRECTED DATA FOR 1985

3. AIRCRAFT RECONNAISSANCE
SUMMARY Aircraft reconnaissance effectiveness for

the 1987 season is summarized in Table 2-1.
During 1987, JTWC levied requirements The grading criteria is based on the Mission

for 68 vortex fixes and 20 rivestigative Effectiveness Grading (MEG) system which
missions of which only I was flown into a was developed and employed for the first time
disturbance which did not develop. In addition in 1986. This system grades the performance of
to the levied fixes, 54 intermediate fixes were each mission as satisfactory, degraded but
obtained. Two airborne radar fixes were satisfactory, unsatisfactory or missed. A
provided from C-141 aircraft of opportunity mission could be degraded if certain critical
missions which are not included in the statistics weather parameters were not obtained such as
below. Eight synoptic track missions were temperature, dew point, minimum sea-level
requested, seven of which were completed. The pressure, flight-level height in meters, etc. If
synoptic tracks provide mid-level steering flow the required time constraints between the
information. The average position error for the primary and intermediate fixes were not met,
combined fixes during the 1987 season was 12 the mission could still be deemed satisfactory
nm (22 kin). but degraded.
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4. SATELLITE RECONNAISSANCE the individual network sites for the necessary
SUMMARY tropical cyclone fixes, intensity estimates and

forecast intensities. When a particular fix is
The Air Force provides satellite important to the development of JTWC's next

reconnaissance support to JTWC through a tropical cyclone warning, two sites are tasked to
tropical cyclone satellite surveillance network fix the tropical cyclone from the same satellite
consisting of both tactical and centralized pass. This "dual-site" concept provides the

'. facilities. Tactical DMSP sites monitoring necessary redundancy to virtually guarantee'.
DMSP, NOAA and geostationary satellite data JTWC an accurate satellite fix on the tropical
are located at Nimitz Hill, Guam; Clark AB, cyclone.
Republic of the Philippines; Kadena AB,
Okinawa, Japan; Osan AB, Republic of Korea; The network provides JTWC with
and Hickam AFB, Hawaii. These sites provide several products and services. The main service
a combined coverage that includes most of is one of monitoring its AOR for indications of

. JTWC's area of responsibility in the western tropical cyclone development. If an area
North Pacific from near the dateline westward exhibits the potential for development, JTWC is
to the Malay Peninsula. For the remainder of notified. Once JTWC issues either a Tropical
its AOR, JTWC relies on the Air Force Global Cyclone Formation Alert or warning, the
Weather Central (AFGWC) to provide coverage network is tasked to provide three products:
using stored satellite data. The Naval tropical cyclone positions, intensity estimates
Oceanography Command Detachment, Diego and forecast intensities. Each satellite tropical

* Garcia, provides NOAA polar orbiting coverage cyclone position is assigned a Position Code
in the central Indian Ocean as a supplement to Number (PCN) to indicate the accuracy of the
this support. U.S. Navy ships equipped for fix position. This is determined by the
direct readout also provide supplementary availability of visible landmarks in the image
support. for precise gridding, and the degree of

organization of the tropical cyclone's cloud
AFGWC, located at Offutt AFB, system (Table 2-2).

Nebraska, is the centralized member of the
tropical cyclone satellite surveillance network.
In support of JTWC, AFGWC processes stored TABLE 2-2. POSITION CODE NUMBERS (PCN)
imagery from DMSP and NOAA spacecraft.
Imagery recorded onboard the spacecraft as
they pass over the earth is later down-linked to PCN METHOD OF CENTER DETERMINATION/GRIDD ING

AFGWC via a network of command readout
sites and communication satellites. This I EYE/GEOGRAPHY
enables AFGWC to obtain the coverage 2 EYE/EPHEMERIS

necessary to fix all tropical systems of interest
.. to JTWC. AFGWC has the primary respon- 3 WELL-DEFINED CIRCULATION CENTER/GEOGRAPHY

sibility to provide tropical cyclone surveillance 4 WELL-DEFINED CIRCULATION CENTER/EPHEMERIS

over the entire Indian Ocean, southwest Pacific, 5POORLY DEF:NED CIRCULATICN CENTER/GEOGRAPHY
and the area near the dateline. Additionally, ' POLDEINED CIRCUL.ATION CFNTER/E"HF.ME'R:S

,%7. AFGWC can be tasked to provide tropical P Y DEFNE I F

cyclone positions in the entire western North
Pacific as backup to coverage routinely
available in that region. During 1987, Detachment 1, First

Weather Wing increased the number of
The hub of the network is Detachment 1, estimates of the tropical cyclone's current

First Weather Wing (Det 1, IWW), colocated intensity from two to four per day once a
with JTWC on Nimitz Hill, Guam. Based on Tropical Cyclone Formation Alert or tropical
available satellite coverage, Det I, 1WW is cyclone warning was issued. Intensity estimates
responsible for coordinating satellite recon- and 24-hour intensity forecasts were made using
naissance requirements with JTWC and tasking the Dvorak technique (NOAA Technical Report
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December. The NOAA 9 and NOAA 10
, ' 01 e, ,,spacecraft performed well throughout the year.

4,0W Vg 4,; , ;- .4.On 16 August with the loss of dedicated
P , ,7 , aircraft reconnaissance, data from the satellitereconnaissance network became the primary

/input to warnings and best tracks in the western
North Pacific. This heightened emphasis on

T-.-/-.-_+/ S_._ /. HRS satellite data resulted in an increase from 60
"W percent (in 1986) to 88 percent of warnings

based on satellite.
Examplei T3.5/4.5+/W1.5/24 HRS

Fqure 2-1. Dvorak code for communicating estimates During 1987, the satellite recon-
of current andforecast intensity derivedfrom sateffite naissance network provided JTWC with a

record total of 2,835 satellite fixes on 25data. In the e~amp[e, the current "T-numbier is 3.5, but tropical cyclones in the western North Pacific
the current intensity is 4.5 (equivalent to 77 kt (40 Ocean. In addition, 311 fixes were made on

, m/sec) ). The cloud system has weakened by 1.5 *T. tropical cyclones in the North Indian Ocean,
. numbers since the previous evaluation conducted 24- more than eight times the total for 1986. For

hours earlier. 'The plus (+)symbol indicates an epected the southern hemisphere, 1,192 satellite fixes
reversal of the weakfning trend or very ittle further were provided. A comparison of those fixes in
weakening of the tropical cyclone during the neXt 24- the JTWC area of responsibility and their
houeigo. tcorresponding JTWC best track is shown inhour period. Tables 2-3A and 2-3B. (Note: Those fixes
NESDIS 11) for both visual and enhanced which were out-of-limits when compared with
infrared imagery (Figure 2-1). the best track are not included.)

Figure 2-2 shows the status of operational The relationship between tropical
polar orbiting spacecraft. Three Defense cyclone "T-number", maximum surface wind
Meteorological Satellite Program (DMSP) speed and minimum sea-level pressure is
spacecraft were operational in 1987. The 19543 outlined in Table 2-4. Table 2-5A, B and C
(F8) satellite was launched in June. as a address the verification of satellite-derived
replacement for the aging 17540 (F6) intensity estimates for developing, weakening
spacecraft. The imaging instrument on the and all cases of tropical cyclones, respectively.
18541 (F7) spacecraft failed on 17 October, In each table the first column states the "T-
which left only one DMSP spacecraft for number" in parentheses and expected current
support during the remainder of the tropical and forecast intensity. The verifying average
cyclone season. The special passive sensor, intensities from the current and 24-hour best
microwave imager (SSM/I) on the F8 spacecraft tracks are included to the right in the second and

* performed well until overheating forced the third columns, respectively.
sensor to be temporarily shut down on 3

5. RADAR RECONNAISSANCE
SUMMARY

rA~fI ttR WP MNv AM Alt - l OCT NO c

..... YJLMASFifteen of the twenty-five significant

. 1 o MIN W) D tropical cyclones in the western North Pacific
O,__F,_,,,___,__A__Iduring 1987 passed within range of land-based
%.......' ,, radar with sufficient cloud pattern organization

to be fixed. The land-based radar fixes that
were obtained and transmitted to JTWC totaled

It, UF a?"806. Only one radar fix was obtained by
o "reconnaissance aircraft.
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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 NORTH INDIAN OCEAN

1977-1986 AVERAGE 1987 1980-1986 AVERAGE 1987

PCN (ALL SITES) (ALL SITES) (ALL SITES) (ALL SITES)

1 14.2 (1689) 14.9 182) 16.7 ( 40) 20.6 ( 2)

2 16.3 (2118) 13.0 511) 18.9 ( 7) 10.0 ( 2)
3 21.3 (2410) 21.4 219) 24.1 ( 22) 26.0 ( 12)
4 23.9 (1546) 18.7 576) 58.3 ( 10) 33.1 ( 11)
5 37.8 (4456) 32.6 195) 36.3 (232) 44.1 ( 81)
6 39.5 (4222) 34.6 (1048) 44.2 (225) 36.1 (192)

1&2 15.4 (3807) 13.5 ( 693) 17.2 ( 47) 15.3 ( 4)

3&4 22.3 (3956) 19.5 ( 795) 34.8 ( 32) 29.4 ( 23)

5&6 38.6 (8678) 34.6 (1243) 40.2 (457) 38.5 (273)

TOTAL 29.3 (16441) 24.2 (2731) 37.9 (536) 37.5 (300)

TABLE 2-3B TABLE 2-4. MAXIMUM SUSTAINED WIND SPEED

MEAN DEVIATION (NM) OF ALL SATELLITE-DERIVED (KT) AS A FUNCTION OF DVORAK

TROPICAL CYCLONE POSITIONS IN THE SOUTH CI & FI (CURRENT AND FORECAST

PACIFIC AND SOUTH INDIAN OCEANS. INTENSITY) NUMBER AND MINIMUM

NUMBER OF CASES ARE IN PARENTHESES. SEA-LEVEL PRESSURE (MSLP)

1985 - 1986 AVERAGE 1987
PCN (ALL SITES) TROPICAL CYCLONE WIND MSLP

1 17.6 ( 68) 14.5 14) INTENSITY NUMBER SPEED (NW PACIFIC)

2 15.5 (312) 17.4 130) 0.0 <25

3 33.7 ( 97) 40.4 15) 0.5 25

4 27.2 (301) 26.5 107) 1.0 25

5 46.8 (399) 28.8 75) 1.5 25

6 38.1 (2152) 32.9 786) 2.0 30 1000
2.5 35 997

1 & 2 15.9 (380) 17.3 (144) 3.0 45 991

3.5 55 984

3 & 4 28.8 C 398) 28.2 ( 122) 4.0 65 976
4.5 77 966

5 & 6 39.5 (2551) 32.6 ( 861) 5.0 90 954
5.5 102 941

TOTALS 35.5 (3329) 30.1 (1127) 6.0 115 927
6.5 127 914
7.0 140 898
7.5 155 879
8.0 170 858
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2 TABLE 2-5A. DEVELOPING STAGE TABLE 2-5B. WEAKENING STAGE

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

INTENSITY; INTENSITY INTENSITY INTENSITY* INTENSITY INTENSITY
(T#) KT KT KT (T *) KT KT KT

(0.0) <25 --- (0.0) <25 ---
( .0) 25 22 28 (1.0) 25 19 14
(1.5) 25 25 31 (1.5) 25 27 22
(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
(50) 90 88 i0 (5.0) 90 88 70
(:.5) 102 102 i0 (5.5) 102 98 75
(6.0) 115 115 122 (6.0) 115 113 90
(6.5) 127 127 123 (6.5) 127 123 108
(7.0) 140 138 115 (7.0) 140 133 114

15. -( 155 (7.5- 15S
(8.0) 170 --- (8.0) 170 ---

DVORAK, 1984 DVORAK, 1984
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The WMO radar code defines three

TABLE 2-5C. ALL CASES categories of accuracy: good (within 10 km (5
nm)), fair (within 10-30 km (5-16 nm)), and

CODCRRENT OR VERIFYING VERIFYING poor (within 30-50 km (16-27 nm)). Of the 807
FORECAST AVERAGE BT AVE 24HR BT radar fixes coded in this manner; 309 were

-:NTENSITY INTENSITY INTENSITY good, 190 were fair, and 308 were poor.,7 KT K TKT Compared to JTWC's best track, the mean
4 . (. '~ <25 --- vector deviation for land-based radar sites was

25 22 26 19 nm (35 km). Excellent support through
5 25 25 29 timely and accurate radar fix positioning

(2 2 ) 30 29 33
(2.5 35 36 41 allowed JTWC to track and forecast tropical
(3. ( 45 46 55 cyclone movement through even the most
(3.5 55 57 59 difficult erratic tracks.
(4.0 65 65 65

[ , (4. 5) 77 76 76
(5. 0) 90 88 88 6. TROPICAL CYCLONE FIX DATA
(5. 5) 102 99 88
(6.0) 115 114 101 As in previous years, no radar reports
(6.5) 127 125 4 were received on North Indian Ocean tropical
(7.) 140 135 114 troica
(7.5) 155 cyclones.

(8.0) 170

A total of 3,754 fixes on twenty-five
[ DVORAK, 1984 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.)
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TABLE 2-6A. FIX PLATFORM SUMMARY FOR 1987

WESTERN NORTH PACIFIC AIRCRAFT SATELLITE RADAR SYNOPTIC TOTAL

TY ORCHID (01W) 17 100 0 0 117
TS PERCY (02W) 4 60 0 0 64
TS RUTH (03W) 0 41 20 0 61
TS SPERRY (04W) 12 82 8 0 102
STY THELMA (05W) 24 141 72 0 237
TS VERNON (06W) 11 97 27 0 135
TY WYNNE (07W) 21 198 41 0 260
TY ALEX (08W) 1 100 77 0 178
STY BETTY (09W) 13 144 71 0 228
TY CARY (loW) 9 181 72 0 262
STY DINAH (11W) 0 159 106 0 265
TS ED (12W) 0 68 0 0 68
TY FREDA (13W) 0 176 29 0 205
TY GERALD (14W) 0 119 81 0 200
STY HOLLY (15W) 0 151 0 0 151
TY IAN (16W) 0 138 5 0 143
TD 17W (17W) 0 30 0 0 30
TY PEKE (02C) 0 131 0 0 131
TS JUNE (18W) 0 43 0 0 43
TY KELLY (19W) 0 il 63 0 174
STY LYNN (20W) 0 159 56 0 215
TS MAURY (21W) 0 95 0 0 95
STY NINA (22W) 0 176 79 0 255
TS OGDEN (23W) 0 17 0 0 17
TY PHYLLIS (24W) 0 118 0 0 118

TOTALS 112 2835 807 0 3754

% OF TOTAL
NR OF FIXES 3.0% 75.5% 21.5% 0.0% 100.0%

NORTH INDIAN OCEAN SATELLITE SYNOPTIC TOTALS

TC 01B 59 0 59
TC 02B 59 0 59
TC 03A 38 0 38
TC 04B 15 0 15
TC 05B 43 0 43
TC 06B 32 0 32
TC 07A 16 0 16
TC 08B 49 0 49

TOTALS 311 0 311

% OF TOTAL
NR OF FIXES 100.0% 0.0% 100.0%
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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 0 45
TC 08P TUSI 21 0 0 21
TC 09S ALININA 39 0 0 39
TC 10S CONNIE 55 0 0 55
TC liP IRMA 32 0 0 32
TC 12S DAMIEN 59 0 0 59
TC 13P 8 0 0 8*
TC 14P UMA 34 0 0 34
TC 15P JASON 67 0 0 67
TC 16P VELI 10 0 0 10
TC 17S CLOTILDA 21 0 0 21
TC 18S ELSIE 53 0 1 54
TC 19P 1 0 0 1*
TC 20P WINI 21 0 0 21
TC 21S DAODO 71 0 0 71
TC 22P YALI 58 0 0 58
TC 23P KAY 118 0 0 118
TC 24S 29 0 0 29
TC 25P ZUMAN 15 0 0 15
TC 26S 20 0 0 20
TC 27P BLANCHE 70 0 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
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CHAPTER III - SUMMARY OF WESTERN NORTH PACIFIC AND
NORTH INDIAN OCEAN TROPICAL CYCLONES

1. GENERAL

J.During the calendar year 1987, JTWC Indian Ocean. Twenty-four western North
issued warnings on 25 different significant Pacific and seven North Indian Ocean tropical
tropical cyclones in the western North Pacific -- cyclones developed subsequent to the issuance
six super typhoons, 12 typhoons, six tropical of a TCFA. Three of the western North Pacific
storms and one tropical depression. This tropical cyclones regenerated during their
includes one typhoon, Peke (02C), which lifetime and each was covered by a TCFA.
initially developed in the central North Pacific Typhoon Peke (02C) was passed to JTWC
(Table 3- 1). The total number of western North while in warning status and thus no TCFA was
Pacific tropical cyclones is lower than the required (Table 3-4). For the western North
climatological mean of 30.7, and two tropical Pacific, the false alarm rate was 24 percent and
cyclones below the 1986 total (Table 3-2). A the mean lead time (to issuance of the first
record-setting eight significant tropical cyclones warning) was 13.5 hours. For the North Indian
(all were of tropical storm intensity) developed Ocean, the false alarm rate was 18 percent, with
in the North Indian Ocean. This is twice the a mean lead time of 10.1 hours. One system
climatological mean of four. Therefore, during (Tropical Cyclone 03A) was warned on without
1987, JTWC issued warnings on a total of 33 the benefit of a preceding TCFA.

* northern hemisphere tropical cyclones.
2. WESTERN NORTH PACIFIC

During 1987 in the western North TROPICAL CYCLONES
Pacific there were 139 'warning days'. (A
warning day is defined as a day during which The distinguishing features of 1987 in
JTWC was issuing warnings on at least one the western North Pacific were the low number
tropical cyclone. A "two-cyclone day" refers to of total tropical cyclones (25), the large number
a day when there were warnings issued on two of super typhoons (6) and the number of
different tropical cyclones simultaneously, a "midgets" (4).
"three-cyclone day" -- three tropical cyclones at
one time, and so on...). Considering only the JANUARY THROUGH JUNE
western North Pacific, there were 30 two-
cyclone days, 10 three-cyclone days and no four The activity began in early in January
or five-cyclone days (Table 3-3). When North with Typhoon Orchid (01W). Orchid (0 1W)
Indian Ocean tropical cyclones are included, was an unusually small system which transited
there were 156 warning days, 38 two-cyclone the wintertime western North Pacific before
days, 11I three-cyclone days and no four- or being sheared apart by the northeast monsoon
five-cyclone days. Thus, JTWC was in warning east of the Philippine Islands. The island of
status 42.7 percent of the year; it was in a Ulithi experienced 100 kt (51 mn/sec) winds and
multiple-cyclone situation (that is, warning on extensive damage when Orchid (01W) passed
two or more tropical cyclones) for 38 days or directly overhead. Tropical Storm Percy (02W)

- ~ about 10.4 percent of the year. was the only significant tropical cyclone in
April. It struggled to get started, but

JTWC issued 66 warnings on the 25 tenaciously resisted dissipation until it passed
* . western North Pacific tropical cyclones (two over the island of Luzon. Tropical Storm Ruth

warnings from January 1st on Typhoon Nomis (03W) was a short-lived system which
(26W) of 1986 are included in the total) and 83 developed southeast of Hong Kong and
warnings on the eight North Indian Ocean eventually dissipated over southern China.
tropical cyclones, for a grand total of 751 Typhoon Sperry (04W) was the second tropical
warnings. There were thirty-one initial Tropical cyclone to reach typhoon intensity and also the
Cyclone Formation Alerts (TCFAs) issued for second "midget" typhoon (Orchid (01W) was
western North Pacific and eleven for the North the first) of 1987. It was also the first to enter
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TABLE 3-1. WESTERN NORTH PACIFIC
1987 SIGNIFICANT TROPICAL CYCLONES

S. CALENDAR NUMBER OF MAXIMUM

DAYS OF WARNINGS SURFACE ESTIMATED
S.. TROPICAL CYCLONE PERIOD OF WARNING WARNING ISSUED WINDS-KT (M/SEC) MSLP - MB

01W TY ORCHID 08 JAN - 14 JAN 7 23 95 (49) 956
02W TS PERCY 11 APR - 13 APR 3 9 40 (21) 1000

03W TS RUTH 18 JUN - 19 JUN 2 6 35 (18) 997
04W TY SPERRY 27 JUN - 01 JUL 5 18 75 (38) 981

* 05W STY THELMA 07 JUL - 16 JUL 10 34 130 (67) 911
06W TY VERNON 16 JUL -21 JUL 6 21 65 (33) 983
07W TY WYNNE 22 JUL - 01 AUG 11 40 125 (63) 921
08W TY ALEX 23 JUL - 28 JUL 6 22 65 (33) 976
09W STY BETTY 09 AUG - 16 AUG 8 32 140 (72) 891
10W TY CARY 13 AUG - 22 AUG 10 39 85 (44) 968
11W STY DINAH 21 AUG - 31 AUG 11 42 130 (67) 910
12W TS ED 22 AUG - 23 AUG 2 6 30 (15) 1001
12W TS ED* 26 AUG - 28 AUG 3 6 35 (18) 998
13W TY FREDA 04 SEP - 17 SEP 14 50 125 (63) 916
14W TY GERALD 04 SEP - 10 SEP 7 24 105 (53) 937
15W STY HOLLY 05 SEP - 15 SEP 11 43 140 (72) 898
16W TY IAN 23 SEP - 01 OCT 9 33 110 (56) 933
17W TD 17W 24 SEP - 26 SEP 3 7 30 (15) 1000
02C TY PEKE 28 SEP - 03 OCT 6 23 100 (51) 941
18W TS JUNE 29 SEP - 01 OCT 3 9 35 (18) 997
19W TY KELLY 10 OCT - 16 OCT 7 28 95 (49) 950
20W STY LYNN 16 OCT - 27 OCT 12 44 140 (72) 898
21W TS MAURY 11 NOV - 12 NOV 2 4 30 (15) 1000
21W TS MAURY* 13 NOV - 19 NOV 7 25 45 (23) 991
22W STY NINA 19 NOV - 29 NOV 11 40 145 (75) 891

. 23W TS OGDEN 24 NOV - 25 NOV 2 4 35 (18) 997
24W TY PHYLLIS 10 DEC - 14 DEC 5 14 35 (18) 997
24W TY PHYLLIS* 14 DEC - 19 DEC 5 20 100 (51) 941

1981 TOTALS: 139"* 668***

• REGENERATED

• * OVERLAPPING DAYS INCLUDED ONLY ONCE IN SUM.
• YEAR-END TOTAL INCLUDES TWO WARNINGS ON TY NORRIS (26W) ON 01 JAN 87.

the mid-latitude westerlies and recurve toward evacuation of aircraft from Okinawa, Japan,
the northeast. Thelma (05W) slammed into Korea causing$124 million in damages and the loss of several

JULY hundred lives. Typhoon Vernon (06W)
followed closely on the heels of Super Typhoon

Super Typhoon Thelma (05W) was the Thelma (05W). It was weak and disorganized
first of four significant tropical cyclones to throughout most of its life. As a result, initial
develop in July and the first super typhoon of positioning problems arose in the Philippine Sea
1987. Forecasting the timing and location of due to differences between real-time fix
recurvature presented a problem for JTWC. information from radar, satellite and aircraft.
Dynamic forecast aids did indicate recurvature, Typhoon Wynne (07W) was the third "midget"
but much sooner than was ultimately observed, typhoon of the season. It tracked along a
After damaging northern Luzon and causing the constant bearing of 294 degrees for four days
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and maintained a visible eye for six days. TABLE 3-2. WESTERN NORTH PACIFIC TROPICAL CYCLONE DISTRIBUTION

Meteorologists on Kwajalein Atoll provided n- ns TED MAR APR MYOJU JUL AUG SEP OCT NOV DEC TOTALS

radar fix information which was instrumental in 1990 1 i 3 6S 3 2 2~ 1

relocating Wynne (07W) early on. Wynne 1940 1 0 1 1 1 3 3 6 4 1 1 3

.,(07WV) caused extensive damage as it passed 191001 000 001 1 00 010 210 210 310 041 400 100 100 If a 3

through the northern Mariana Islands. 11fl 10 010 100 010 211 114 320 313 510 322 101 1 00 20 11 11
0, 16 0 1 3 0 6 6 7 5 4 2 39

Typhoon Alex (08W) was the final tropical 160000 010 0000 100 20 1 0000 512 701 313 311 301 020 24 4

cyclone in July. Together with Wynne (07W) it 0003 000 01110 000 3410 3511 301 242 51 000 21 263

formed the first multiple tropical cyclone 1964 20 41 35 52 33 420 101S 7 2 13 44

situation during 1987. Alex (08W) brushed the 1945 2 2 1 1 2 : 4:1 372 , 3 21 1 21

eastern coast of Taiwan before making landfall 1944 0 0 0 1 2 1 4 9 10 4 5 2 20308

on the coast of mainland China. Although 1967 1 0 2 1 1 1 S 10 a 4 4 1 41

damage to Taiwan and mainland China was 199010 000 110 100 010 100 332 343 530 211 400 010 20 1is

liht emans Alx19639T.0 10 104 364 4 0 31relatively lg tn e renat of Alx(08 ) 0000 001 0000 100 0000 202 120 341 400 510 400 0000 20 7 4

ehne abadoprcptto thtsald 1969 1 0 1 1 0 0 3 3 450 120 1 23ehne abadoprcptto thtsald100 000 010 100 000 000 210 210 204 10 1 010 13 6 4

over Korea, and as a consequence, 12 inches 1970 0 1 0 0 2 3 7 6 4 27

(308 mm) of rain fell in 24-hours causing major 193 1 0 12 52 0 5 74 20 37% loigand loss of life. 010 000 010 200 230 200 420 311 511 310 110 000 24 112
11.)J1t51972 1 0 1 0 0 4 5 5 6 5 2 3 32

0100 000 001 000 000 220 410 320 411 410 200 210 22 2

1973 0 0 0 0 00 . 7 . 3 4 3 0 23 ,

AU U T000 000 000 000 000 000 4 30 231 201 400 030 000 12 6 2

010 000 010 010 100 121 230 232 320 400 220 020 15 17 3

* SperTypoonBety (9W)wasthe 1975 1 6 6 3 2 25
Sue yponBtt 0W wste100 0000 000 001 000 000 010 411 410 321 210 002 14 A 5second super typhoon of the season and had the 1976 1 : 1 0 0 5

lowest reported minimum sea-level pressure 1977 0 0 1 0 1 1 4 2 5 4 2 1 212

(891 mb) up to that time. It explosively 196 10 000 3 46 4 740 2

deepened just prior to making landfall in the 010 0000 0000 100 0000 030 300 341 310 412 1 00S 15 3 4

T0 ~.A.wee'A1979 1 0 1 1 2 0 5 4 1 3 2 3 26
-. Philippine Isadwee2 people were killed 100 000 100 100 011 000 221 202 330 210 110111

and 60,000 left homeless. Typhoon Cary 196 001 1 415 37 11 26

9000 000 001 010 220 010 311 201 511 220 100 010 15 6 4

(1OW), together with Betty (09W) and Dinah 1961 0 0 1 1 1 2 5 6 4 12 3 2 92

(11)fre h is heeson iuto o 92000 000 100 010 010 200 230 251 400 10 210 200 16 12 1
0 0 3 0 1 3 4 5 4 4 1 1 241987. The last scheduled western North Pacific 000 000 210 000 100 120 220 900 321 301 100 100 16 7 2

1963 0 0 0 0 0 1 3 6 5 5 2 25aircraft reconnaissance mission was flown on 000 000 000 000 000 010 300 231 111 320 320 020 12 11 2

1989 0 0 0 0 0 2 5 7 4 8 3 1 30Cary (1OW) on the 15th of August. Cary (lOW) 000 00:0 000 00:0 000 020 4 10 232 130 S21 300 100 16 11 3

eventually made landfall on the coast of 1995 2 0 1 3 1 73 ,~ , I 2 7 1

northern Vietnam and ultimately dissipated over 1986 0 1 0 1 2 2 2 5 2 5 4 3 21
90*Brn.SprTponDnh( W a h 97000 100 000 100 110 110 200 410 200 320 220 210 It 8 0

1uma 0ue Tyho0ia I1 )wste 10 1 0 2 4 4 7 2 3 1 25

most destructive typhoon to strike Okinawa and 1000000000104030512010101

the southern islands of Japan in the past 20 AV 0.3 0. 1.2 2.1 4.6 4.2 5.7 4.4 2.6 1.4 30.9

years. Throughout its life, JTWbC consistently CSS1 62 44 3 7 4 3 14 6

forecast recurvature and accelerations towards Ieqem'i: Total for th. month -6

the northeast through the Sea of Japan, as a TponNo312

result, Dinah's (1 1W) forecast track errors were
smaller than average. Tropical Storm Ed (12W) ~3OU
was a very difficult tropical cyclone to locate Tropical Depressions

and forecast due to fluctuations in its intensity, The criteria used in the above table are am follows:

speed and track direction and its poorly defined 1. If a tropical cyclone was first warned on during
1,h- 0~u.akmitpP~iMH0oxoteS Gee7l. r u~ (Dutr the next month for longer than two days, then that system was

of mbuim)treveadiy the o dd event o iros o 145 .'.o h attributed to the second month.
md odooewnu at sfr a th ol Wie~ StaOartomelSoat int3r 3 INor 144*SSN 2. If a tropical cyclone was warned on prior to the

*E). Clwa om r2514Z o 25180,he *a-priod miosions incbasednouy ad last two days of a month, it was attributed to the first
ware wrgular in cnpniwto microrne causd by hiIhor f ll eWqul-ik3e ate. month - no matter how long the system lasted.

* Afie251Stbck~armndaou~dbo 
7
tb diypuo2Stt45Zooots. Mlso. theloeg- 3. If a tropical cyclone began on the last day of

parod nia sap raoxaimtely doabt, nmnld from 251000Z to 2517007- The
'6o ,; ... bigio eat-e componentHo. the ooabilt2 mxiso that tho is onk the month and ended on the first day of the next month, that

4 mmncactivity my eoicidet wtha Casaly relate to. Typhoon Wrm's(7W tropical cyclone was attributed to the first month. However,~aiof doMaianaTrech. Sinmiaaiity has ben obsrvwdihoimae tqcw ydom, if a tropical cyclone began on the last day of the month and
bet with bm ditity. With me asmonot of ohr organmd wasthr "oE)91S win th rs h continued into the next month for two days only, then it was

=9 li= :;=WiWGt&Stto mlthotherSn Mutm.ttuwe~mki~a attributed to the second month.
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cloud signature. Drifting buoy reports ot TABLE 3-3. WESTERN NORTH PACIFIC SUMMARY

30 kt (15 m/sec) were key to the decision TYPHOONS

to issue the first warning on Ed (12W). (1945-1958)

S EPTEMBER JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTALS

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

Typhoon Freda (13W9 ) was the CASES 1 1 4 5 10 15 28 41 45 34 28 12 22 8

first of seven tropical cyclones to (1959-1987)

develop during September and was the JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTALS

middle (geographically) of a three-storm AVG 0.2 0.1 0.2 0. 0.7 1.0 2.8 3.2 3.3 3.0 1.7 0.7 13 .4

situation (the other tropical cyclones CASES 1 2 6 15 19 30 HO 94 96 87 48 20 50 4

being Gerald (14W) and Holly (15W)).
This was the second three-storm situation A TRSAGTPON

of the year. Freda (13W) was unusual (1945-STRM1 AD9TPHO8

because it traversed less than 10 degrees JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTALS

of longitude, but 25 degrees of latitude. AG0401040508163039413328112
Freda's (13WV) thirteen day life span and AG0401040508163039413328112

* 50 warnings were records for 1987. CASES 6 1 6 7 11 22 42 54 58 46 39 16 30 8

Typhoon Gerald (14W) was unique in (1959-1987)

tht t aurd ihi temoson JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTALS

trough, but did not detach from it. The 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

most distinctive feature was its unusually CASES 15 8 14 21 30 51 120 151 142 118 76 37 7 8 3

*large eye. Super Typhoon Holly (15W)
was the third tropical cyclone to develop FORMATION ALERTS: 24 of 34 Initial Formation Alerts developed

from the active monsoon trough which Into significant tropical cyclones (not including three on systems

alosandFeaadGrl that regenerated) . Tropical Cyclone Formation Alerts were issued
alosandFea(13W) an eadfor all o f the s ignificant tropical cyclones that developed in 1997.

(14W). Although very intense, it had a WARNINGS:

very uneventful life as it recurved far to Number of calendar warning days: 139

the east of Japan. After a six day respite Number of calendar warning days

in tropical cyclone activity, Typhoon Ian wt w rpclccoe:3

)Number of calendar warning days
(16W) developed about 330 nm (611 kin with three tropical cyclones: 10

to the east-northeast of Guam. Anderse
Air Force Base Weather was able to provide
several radar fixes of Ian (16W) as it passed to OCTOBER
the north of Guam. It eventually recurved and

* transitioned to a sub-tropical system north of 25 Typhoon Kelly (19W) was the first of
degrees North Latitude. Tropical Depression only two significant tropical cyclones to occur
17W developed north of the Marshall Islands at during October. Kelly (19W) developed when
about the same time as Ian. Tropical the monsoon trough re-established itself in low-
Depression 17W did not reach tropical storm latitudes after it had been displaced to a position

0strength because it was suppressed by the about 25 degrees North Latitude the previous
combined effects of the outflow from Ian (16W) week due to Ian (16W), June (18W) and Peke
and a mid-level short-wave trough to the north. (02C). Super Typhoon Lynn (20W) was the
Typhoon Peke (02C) was the first hurricane to fifth super typhoon of the year and the third to
form in the central North Pacific and cross to produce winds of at least 140 kt (72 m/sec). It
the western North Pacific in the past twenty attained a minimum sea-level pressure of 898
years. It meandered basically north- mb. At one point, Lynn (20W) appeared to be
northwestward and eventually dissipated just headed straight for Guam. Fortunately, a last
west of the dateline. Tropical Storm June minute jog toward the north spared the island
(1 8W) was the third tropical cyclone of the final from a direct hit. Saipan, which is north of
three-storm situation during 1987. Throughout Guam, received gusts to 65 kt (33 m/sec),
its life, June's (18W) upper-level outflow was however. Lynn (20W) eventually passed south
restricted by the strong outflow from Ian. Taiwan, enhanced convection and increased
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TABLE 3-4. FORMATION ALERT SUMMARY

- WESTERN NORTH PACIFIC
NOVEMBER THROUGH DECEMBER

NUMBER NUMBER OF TOTAL FALSE
OF SYSTEMS NUMBER OF ALARM

,EAR TCFAS WARNED ON SYSTEMS TE Super Typhoon Nina (22W) was the:915 34 25 25 26% sixth, and last, super typhoon. It also proved to
.976 34 25 25 26% be the most intense and destructive tropical
:977 26 20 21 231 cyclone of the year. Nina was interesting from a

32 27 32 161 meteorological point of view because it
1 n 979 27 23 28 15% unexpectedly intensified while still accelerating

toward the west. It devastated Truk, killing five
:980 37 28 28 24% and injuring 38, before moving on to the
:981 29 28 29 3% Philippine Sea. Once there Nina (22W)
:982 36 26 28 28% explosively intensified, to 145 kt (75 m/sec),
'983 31 25 25 19% prior to making landfall. An estimated 658
:984 37 30 30 19% people were killed on southern Luzon, making it
1985 37 30 30 1% the most destructive typhoon to hit the

39 26 27 33% Philippine Islands in 20 years. Tropical Storm
:986 38 27 27 29% Ogden (23W) was another minimal tropical
987 31 24 25 23% storm which developed in the South China Sea

(1975-1987) and moved westward before making landfall on
AVERAGE 33.1 25.7 26.9 21.8% the Vietnam coast, north of Cam Rahn Bay.

SA 4Typhoon Phyllis (24W), the fourth "midget" of
.CASES 431 334 350 1 1987, was the last tropical cyclone of the 1987
wind speeds to the north that caused the deaths season. Phyllis (24W) formed southeast of
of 42 people. Over 68 inches (1744 mm) of rain Guam and initially followed what appeared to
fell on Taipei over a two day period due to Lynn be a broad recurvature track, passing to the
(20W). Tropical Storm Maury (21W) was a southwest of Guam. Unfortunately, it
relatively weak, but persistent, tropical cyclone weakened, moved toward the west-southwest
which formed southeast of Guam and tracked and then explosively intensified (to 100 kt (51
basically westward across the Philippine Sea, m/sec)) before striking the island of Samar in
through the Philippine Islands and into the the central Philippine Islands and moving into
South China Sea. the South China Sea.
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N TYPHOON ORCHID (01W)

Typhoon Orchid (01W), the first The disturbance that eventually
tropical cyclone of 1987, was an unusually developed into Typhoon Orchid was first
small system. It transited across the wintertime detected at OOOOZ on January 3rd as a small
western North Pacific before being sheared area of persistent convection in the near-
apart by the northeast monsoon east of the equatorial trough near the dateline. It was first

.* .-. Philippines. mentioned on the Significant Tropical Weather

12 w3

10

31 308B95 KTS

91 5 5 70Ht - FLT LVL
5 154 VWINDS
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F~ure 3-01-2. Damage to the Outer-island School located on the north side of
Fa a!op Island on the U(ithi Atoff. All these buildings sustained some damage
while others (dormitories and classrooms) were totaly destroyed (Photo courtesy of

. 9. MobiOil Micronesia, Inc.).

,.?,.

Advisory (ABPW PGTW) at 030600Z. Over intensity analysis of the disturbance estimated
the next four to five days, this area drifted maximum sustained surface winds of 25 to 30
toward the west and slowly increased in kt (13 to 15 m/sec). This prompted JTWC to
organization and convection until a small issue the first warning on Tropical Depression
ragged central dense overcast (CDO) formed 01W at 081200Z. The next morning, the
and upper-level outflow improved. A Tropical aircraft investigative mission reported
Cyclone Formation Alert followed at 072130Z maximum sustained surface winds of 45 kt (23
and a daylight hours aircraft reconnaissance m/sec). This prompted the upgrade of the
investigative mission was tasked for the next system on the third warning (at 090000Z) to
day. No surface data was available near the Tropical Storm Orchid (01W).
system; however, at 080419Z Dvorak satellite
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Fiqure 3-01-3. Corrugated sheet roofing embedded in a coconut tog an Foailop

Island on Uhthi Atoll. q i buidding material becomes a deady object to fife and
property when airborne (Photo courtesy of MobilOilMicronesia, Inc.).

" "There were two unusual aspects of winds in the west-northwest, or right front,
",.Typhoon Orchid (01W). The first was its small quadrant. Typhoon Orchid (01W), near
""radius of maximum winds. For example, at its maximum intensity, passed directly over the
",peak intensity of 95 kt (49 m/sec) at Il10000Z, island of Ulithi (WMO 91203). As a result,
•the radii of 30 kt (15 m/sec) winds were only 45 Ulithi reported surface winds near 100 kt (51
€.nm (83 km) in the south semicircle and 140 nm m/sec) and sustained extensive damage (Figures
.- (259 km) in the northwest semicircle (see 3-01-2 and 3-01-3). A few hours later,
SFigure 3-01-1). The larger wind radius in the however, Typhoon Orchid passed about 45 nm

,-.

.'.northwest semicircle was due partly to (83 km) north of the island of Yap (WMO
"interaction with high pressure ridging to the 91413), where surface winds of only 20 to 25 kt
!1north and the motion vector addition to the (10 to 13 m/sec) and fair skies were reported.
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Figure 3-01-4. Enhanced infrared (EPRJ imagery of Typhoon Orchid (01W) near maXimum
intensity. Nte the smalt welfdefinedeye (102259Z January NOAA infrared imagery).

The second unusual aspect of Typhoon Orchid northeast monsoonal flow. This, coupled withwas the fact that during the two days from 200 mb westerly flow aloft, set up a strong10 1200Z to 121200Z when Orchid was the most vertical shearing environment in which theintense (Figure 3-01-4), the Dvorak intensity upper portion of Orchid was displaced towardestimates were 10 to 20 kt (5 to 10 m/sec) the east. Once the central convection strippedhigher than the intensity reported by aircraft away, the remaining surface circulation was* reconnaissance (Figure 3-01-5). then steered by the low-level northeast
monsoonal flow toward the southwest beforeAfter reaching maximum intensity, dissipating over water. This wintertime- Orchid continued moving northwestward, shearing situation was a common factor in the

Betwcen I IOO)OZ and 140)OOZ (when the last end of the last five significant tropical cycloneswarning was issued), Orchid came under the in November and December of 1986.influence of the strong wintertime low-level
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Figure 3-01-5. Plot of intensities obtained for Typhoon Orchid (01W) by aircraft

reconnaissance vortexfixes and Dvorak analysis of sateffite imagery. Also plotted are the

Fina( Best Track intensities for comparison. Npte the igher satelfte intensities especially

around the time of maximum intensity.
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TROPICAL STORM PERCY (02W)

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 030600Z 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 061800Z.

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

kt (15 m/sec) northeasterly trades clashed with a m/sec). 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 081800Z, 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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Figure 3.02-2. Tropical Storm Percy (02W14), whiie
southwest ofq.uam, showing an expj~osed fow-levef
circufation center (11 0022Z A!pri( VrvSP visuaf imagery).

. However, the weakened disturbance Enroute to the circulation, the aircraft
*7 continued to drift slowly westward for the next reported gradually increasing flight-level winds

!hree days and possessed fair potential for (1500 ft (457 in)) and observed surface winds
O \icnificant development. By 101407Z the from 30 kt (15 mn/sec) near Guam to 40 kt (21

-"convection and organization had again mn/sec). Upon reaching the expected location of
.. improved, and the vertical wind shear on the the low-level cyclonic circulation, the Aerial

N., ,-tem decreased sufficiently to justify the Recon- naissance Weather Officer (ARWO)
•.-", i,,,unce of a third TCFA. Satellite intensity reported flight-level winds of 56 kt (29 n/sec)

,imilvsis (Dvorak, 1984) estimated maximum and surface winds of 50 kt (26 in/sec) at
• wrtdce winds of 25 kt (13 m/sec) at that time, 102325Z. The center location was consistent

Lt.' hw,.ever, an aircraft daylight investigative with the increasing surface winds encountered
,. m],,,ion flown on the morning of the 10th enroute (Figure 3-02-1); however, the
"' produced unexpected results. 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 mb). Dvorak satellite
intensity analysis at 110022Z estimated 25 kt
(13 m/sec) 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/sec) usually implies a
central MSLP of about 987 mb. After the
aircraft reconnaissance flight-level wind

"r. .observations, were double-checked, Tropical
Depression 02W was upgraded to a tropical
storm.

Aircraft reconnaissance was available C)
again at 112100Z. Flight-level and surface
winds were much lighter than observed 24-
hours earlier. Values ranged from 20 to 32 kt
(10 to 16 m/sec) at flight level enroute to the
early fix at 112120Z, and 15 to 20 kt (8 to 10
m/sec) prior to the primary fix at 112354Z. The
Dvorak satellite intensity analysis at 122304Z
estimated 25 kt (13 m/sec) maximum sustained

surface winds. As a result, the final warning on
Tropical Storm Percy (02W) followed at
13000OZ. 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 Figure 3-02-3. TropicalStorm Percy (02W) in the
residual low-level eddy, that remained, finally Philippine Sea just before the final warning was
dissipated near northern Luzon on the 19th of issued (122341ZAprilDMSP visuatimagery).
April.
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TROPICAL STORM RUTH (03W)

00

a0

iure 3-03-1. Tropical( Storm Ruth was a short-lived tropica cyclone. Onfy six warnings were issued on thle
system before it moved inland and dissipated over southern China. It began as a monsoon depression 240 nm (444
hkn) southeast of Hfong KAong over thle South China Sea. Early on 17 June, convection consolidated into convective

* ~ban~ds prompting its mention on thle Significant Tropica 'Weather Adusory (A4BP"W PG(IPW) at 0600Z as having
* good potentia! for development. As a resul~t, J'TWC issued a Tropica Cycone FTormnation Alert, valid at the same

time, because satellfite imagery indicated upper-eve( anticyclonic outflow was becoming established J7WC issued
* ~ the first warning on Tropica rDepression 03'W at 180000Z, after synoptic reports indicated surface pressures in the
* area had dropped significanty overnight from 1001 mb to 995 mb. The initial forecast tracks indicated the system

woul(d move northwestward, but subsequent forecasts graduafy shifted the track further west as thle sub tropica!
-* ridge east of Rujth began ridging sowly westward across southern China. 'The system was upgraded to tropica storm
* ~ intensity at 181800Z based upon a Divorak intensity estimate of 35 kt (18 m/sec) maxcimum sustained surface winds

* a.ssociated with convective bands which were wrapped hialfway around thle center (see image above). Pjth was
dowrmgraded to a tropica depression on the fifth warning as it interacted with thle southern coast of China. Hfong
HA onq ('1f 30 45005) radar reports were excellent and proved instrumenta in accuratety tracking this tropical
cclone for a day before it made landfahl. Pjtth dissipated within eighteen hours of moving inland, causing little

damaqe and no knawn deaths (181138Z June DM'vSP infrared imagery).
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TYPHOON SPERRY (04W)

Typhoon Sperry was the second time, a second area of disorganized convection
tropical cyclone to reach typhoon intensity and was developing 210 rim (389 kin) east of the
also the second "midget" typhoon in 1987. It island of Fnewetak in the Marshalls. To the

• was also the season's first to enter the mid- north and east, a Tropical Upper-Tropospheric
latitude westerlies and recurve toward the Trough (TUTT) extended fr~mn Wake Island
northeast, southwestward to just northeast of GuamL. The

broad subtropical ridge dominated the low-level
The tropical disturbance that eventually flow pattern in the northwest Pacific. Although

developed into Typhoon Sperry was first the two convective areas consolidated on 25
detected by synoptic data on 24 June as a broad, June, the resultant disturbance still struggled for
weak surface circulation in the western two more days before reaching tropical storm
extension of the monsoon trough 200 nm (370 intensity. The most probable cause for this slow
kin) to the northwest of the island of Truk in the intensification was the close proximity of a
eastern Caroline Islands. The convection in TUTT low (Sadler, 1979) to the northeast. This
this area appeared to be random. At the same low aloft, in conjunction with the lower

*!

5V,

-V1

FigJ~ure 3-04-1. VisLuafsateffite imaer dhwn te tisplacedf to the northeast of the main convection
rktrpicaf disturbance that would later develop into (2 5234 7Z June DMS Lwiagery).

Typh[won Sperry. Note the (ow-le vet circulation center
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1,, C4 2 q penS;~mj 74ith ian intensity~ (11 t65kt (33 mll'ec)jztst prior to peakingq (28004 'Z .lune Di1

:mpcrcsuhiropical ridge, created an area Tropical Weather Advisory (ABPW PGTW).
e \erlical vindA shear (Figuire 3-04-1).

Based upon satellite intensity analysis
The_ lowk-level disturbance drifted wvest- (Dvorak,1984) of satellite imagery between

,th,,estward for the next several days. At 1500Z and 2100Z on the 26th, analysts of
:;,t point, the separation between the TUTT Detachment 1, 1 st Weather Wing estimated that

Sor cell, and the low-level tropical the disturbance had 30 kt (15 mlsec) surface
!:11Urhance to the southwest remia Ined stat Ic. winds, based on more organized and intense

v~eean interestin- chfange occurred aloft. convection. The satellite reconnaissance inputs
li- 25I1 20fl7. a plume of dense cirrus, associated prompted the issuance of a Tropical Cyclone

ha55 kt (28 rilsec) wind maximum entering Formation Alert (TCFA) at 262230Z. An
%k \e, tern side of the uipper cold low from the aircraft reconnaissance investigative mission

MOVCh, ovdsouthward. Within eighteen- was requested for the following day. At the
* Kur~the cirrus Plume had plunged into the time of the TCFA, synoptic data was not

'~:hw~tportion of the TUYFF cell. The cell available near the center of the disturbance.
*.~o(lelThe circulation within the core of However, surface data on the periphery of the

:KUpper low tightened up and became more disturbance implied that at least a 10 kt (5
muIer~crical- This, in turn, reduced the vertical m/sec) low-level circulation was present. The

*A ;,ki ,hear across the system and as a result, the only reported stronger wind was the gradient-
* ''ra conivection started to increase within the level (30(0) ft (914 in)) report at Yap (WMO

AICC l disturbance again. Earlier (at 91413). which increased from 10 kt (5 mlsec) at
2001,), the Navy Operational Global 261200)Z to 15 kt (8 m/sec) at 270000Z as the

-\ 'Ilopheric Prediction System upper-air disturbance passed northeast of the island on the
2r eu)N\,had correctly forecast this lessening 26th,

t '.crtical shear. The new convect Ion was
* rmllv entioned on the 260600)Z Significant The first warning on Tropical Storm
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TOKYO ..
SPERRY

Pa

iqure -?041-. 5per-Ty interacting with a frontal boundary south c'f Japan (302345Z June DMvSP visualC
L mLge ry

Sperry was issued on the 27th, valid at OOOOZ, By 290000Z, with a frontal boundary
after visual satellite imagery showed that a and associated mid-latitude trough movingScentral dense overcast and 35 kt ('18 mi/sec) eastward across southern Japan, a recurvature
maximIum sustained surface winds were present. scenario appeared most probable. JTWC
Aircraft reconnaissance later in the day located incorporated this into the warnings and called
a 1001 mb circulation center with 40 kt (21 for recurvature in 48-hours. Sperry came under
m/sec) maximum sustained surface winds, the influence of the mid-latitude westerlies and
extending out to 5C) nm (93 ki) southeast of the recurved passing 175 nm (324 kin) to the east of
center. Initial forecasts called for Sperry to the island of Okinawa in the Ryukyu Island
follow an arou nd- the -ridge scenario and chain.
recurve. This forecast philosophy proved to be

Scorrect. After recurvature, Sperry started a
gradual acceleration toward the northeast. By'

hrsSperry attained typhoon intensity 24- 1 800Z on the 30th, the intense central
huslater at about 280000Z. The Aerial convection became displaced south-southwest

Reconnaissance Weather Officer reported of the low-level circulation center. A steadv'
Sperry as very compact, with 70 kt (36 mlsec) decrease in cloud organization and intensity
Maximum sustained surface winds surrounding followed. Figure 3-04-3 shows the proximity of
at small, circular 15 rm (28 kmn) diameter eye. the frontal boundary and effect of the strong
The eve was open to the north and had a vertical w0nd shear on the remaining

" minimum sea-level pressure of 983 nb. Sperry convection. The final warning was issued as
developed a ragged eye while moving Sperry transitioned to extrtr cal at 01060Z.
northwestward inder the influence of the mid-
level steering flow around the western periphery After completing extratropical
of the subtropical ridge. Its intensity peake transition, the low-elciuatodrfd

.~~ ~ ~~~ I ae -001vmb circulation driftt 4 t(1 fr euvtrei 8hus.Ser a e d

at 75 k (39 m/sec) between 28m1i20OZ and eastward embedded in the frontal boundary.
'8 I 8eO. (Fi ure 3-04-2) This set the stage for There were no reports of lives lost or damage to
T"phoon Sperry's final phase. shipping due to Typhoon Sperry.
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SUPER TYPHOON THELMA (05W)

Thelma was the first of four significant eight hours, the amount of convection and its
tropical cyclones to develop in July and the first organization increased. In addition, an aircraft
super typhoon of 1987. Forecasting the timing reconnaissance investigative mission early on
and location of recurvature presented a problem the 7th was able to close off the low-level
for JTWC. After recurvature, Thelma slammed circulation center and found a minimum sea-
into Korea causing extensive damage and the level pressure (MSLP) of 1003 mb. They also
loss of many lives, reported maximum sustained surface winds of

20 kt (10 m/sec). At 070300Z, JTWC issued a
As a tropical disturbance, Thelma's Tropical Cyclone Formation Alert.

initial intensification was slow, but once the
system became organized it developed at very The first warning on Tropicalnear the normal Dvorak rate (Dvorak, 1984) of Depression 05W was issued at 071800Z when

one "T-number" per day from 25 to 130 kt (13 the system demonstrated a steady increase in
to 67 m/sec). Thelma originated in the convection and organization, and satellite
monsoon trough as a broad area of convection intensity analysis estimated 30 kt (15 m/sec)
with slight curvature. Dvorak analysis sustained surface winds. The forecast

... estimated an intensity of 25 kt (13 m/sec), while philosophy called for movement toward the

synoptic data indicated a cyclonic surface north for 24-hours through a weakness in the
circulation was present along with upper-level 700 mb ridge. The ridge was then expected to
divergence. As a result, the area was mentioned strengthen and drive the system toward the
on the Significant Tropical Weather Advisory west. This did occur, but at speeds nearly triple
(ABPW PGTW) at 060600Z. Over the next those forecast.

E 120 125 130 135 140 145 E

30 EA 0OOZ
F eB /12Z

C 10OZ
2 0 10/12.

0BCA E I11/OOZ
F 11/12Z

S_6 12/OOZ
20g;

N 15

Figure 3-05-1. Plot of OTCM guidance. The OTCM, JT1WC4s
primary dynamic aid, repeatedly indicated recurvature.
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Initially, Thelma did not develop as number 3, valid at 080600Z. Although Thelma
quickly as expected. Once the first warning continued tracking in a westward direction,
had been issued on Tropical Depression 05W, JTWC mistakenly continued to forecast
the system became broader and less organized. recurvature for the next 30-hours (spanning six
Aircraft reconnaissance scheduled for 080000Z warnings).
was unable to close off a surface center.
Thirteen hours later, the poorly organized At 091200Z, Thelma began developing
system passed about 60 nm (111 km) to the a banding eye. Warning number 10, valid at

. north of Guam. Finally at 09000OZ (on warning 100000Z, upgraded the system to a typhoon.
number six), the system was upgraded to This action was based on the aircraft reconnais-
tropical storm intensity. The upgrade was based sance data at 092138Z and 100011Z that
on aircraft reconnaissance data at 090029Z indicated an extrapolated MSLP of 974 mb and
which reported a MSLP of 996 mb and estimated maximum sustained surface winds of
maximum sustained surface winds of 50 kt (26 80 kt (41 m/sec). Typhoon Thelma reached its
m/sec). (Post-analysis indicated that the maximum intensity at 111200Z, after a 36-hour
intensification had most probably occurred 12- pressure fall of 66 mb (and a 12-hour pressure
hours earlier.) fall of 25 mb) down to 911 mb. During this

JTWC's primary aid, the One-Way time, Dvorak intensity estimates kept pace from
Interactive Tropical Cyclone Model (OTCM), approximately 77 kt (40 m/sec) to
preferred a northwesterly track or hinted at approximately 127 kt (65 m/sec). At 11 1200Z,
recurvature in the 48- to 72-hour time frame Thelma became the season's first super typhoon.
beginning with the guidance for warning Afterward, infrared satellite imagery indicated a
number 3 (080600Z July) (see Figure 3-05-1). warming of the cloud tops which indicated that
Recurvature forecasts started with warning Thelma had peaked in intensity. Satellite

E 115 120 125 13 135 140 145 E

I. I
N 35~

30

20 C

USTY

N 15
Figure3-052. Plot of statistical aids (CSUM and COSMOS), dynamic
numerical aid (OTCM), andpersistence (XTP) along with the fina best track
a. 120000Z, at the point ofthe abrupt tracktchnge toward the north.
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Figure 3-05-3. Visualsatellite imagery showing Typhoon 'Thema after reaching maximum intensity. Note how the
'- ;Z upper.level outflow has become restricted to the north (110632Z July NOAA visual imagery).

- imagery also indicated the system's upper-level Philippine Islands. The northerly track took the
-. outflow had become restricted to the north (see typhoon west of the island of Okinawa, Japan,
• .Figure 3-05-3). Aircraft reconnaissance at and resulted in the evacuation of military

112353Z found that the eye was open to the aircraft. Commercial airlines also interrupted
north and was becoming elliptical, service, which stranded thousands of air

travelers as Thelma passed by.
Typhoon Thelma began a sharp turn

toward the north at 120000Z. Earlier, the Finally Typhoon Thelma slammed into
dynamic forecast aid OTCM had repeatedly South Korea, where widespread flooding caused
forecast movement toward the north or death and destruction. Floods from Thelma
northwest (see Figure 3-05-2), but the typhoon covered thousands of houses, ruptured
continued to track westward. By 121200Z, reservoirs, and destroyed roads, railroad tracks
Thelma was heading just west of north and the and embankments. News coverage from Korea
OTCM guidance was on track. reported that Thelma killed at least 123 people

with 212 additional people listed as missing.
Even though Thelma's abrupt course The missing were largely seamen and fisherman,

change occurred 300 nm (556 km) east of who were caught offshore. Officials estimated
northern Luzon, heavy rains and high seas losses at more than $124 million from damaged
resulted in at least twelve fatalities in the or destroyed houses, crops, and water craft.
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TYPHOON VERNON (06W)

Typhoon Vernon, the second of four development into a significant tropical cyclone.
significant tropical cyclones to develop in July However, six hours later a low-level circulation
followed closely on the heels of Super Typhoon was apparent on visual satellite imagery. The
Thelma (05W). It was a weak and disorganized satellite intensity estimate (Dvorak, 1984) was
system throughout most of its lifetime. As 25 kt (13 m/sec) and a Tropical Cyclone
such, initial positioning problems arose in the Formation Alert (TCFA) was issued at
Philippine Sea due to differences between real- 140830Z. Convective activity did not increase
time fix information from radar, satellite and appreciably for the next two days, but the TCFA
aircraft. was reissued twice due to its persistence. On

161800Z, the first warning was issued for
The initial tropical disturbance was first Tropical Depression 06W, based on an estimate

detected in the near-equatorial trough near the of maximum sustained surface winds of 30 kt
island of Truk in the eastern Caroline Islands at (15 mlsec) from satellite imagery. The initial
14000OZ July and was subsequently listed on forecasts were based on a persistent westward

- -the Significant Tropical Weather Advisory trend with higher than normal speeds of 17 kt
(ABPW PGTW) as having poor potential for (32 km/hr).
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Tiqure -306-2. 'The ev~osed~ow-leve(circulatitn center which was mistakenly thiought to be a secondary circUla tion
can 6e seen in the cen ter of the above image. 'ThLs Iow-fevel circulation was~ not identified as 'Vernon s main
circ ufaition center un tif 181200. (1800422. ufy 'I ALSPzvisuaf imagery).

Between 1 7060OZ and 1812001, After the last successful fix at 170224Z
satellite fixes and radar reports indicated July, keeping track of Vernon's weak low-level
Vernon had continued to move westward circulation center became increasingly more

0towird the central Phi lippine Islands. During difficult. To compound the problem, the radar
this timne, the most intense area of curved fixes at two different sites in the Philippine
convection remained just east of the Philippines Islands (WMO 98558 and WMO0 98447)
(see IFigure 3-06-1 1) and appeared to be the reinforced the satellite analysis which continued
dominant feature. Howvever, there was also a to fix on the main convective mass that wvas

lowleelcirculation center northeast of thle moving towards southern Luzon (see Figzure 3-
deep convectionl which wvas initially believed to 06-3). As a result, Vernon's low- level
1% a sccondairy circulation center. Figure 3-06- circulation was not recognized until an exposed

- ,hov s this exposed low-level circlion low-level circulation As ilentified by the
ceniter a hoUt 1 80 nim (333 kni) northeast of thle satellite analyst at 1 8 12001. Immediately
primwary mass of convection at 180042Z. thereafter, Vernon wvas relocated approximately
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-... E 125 130 135 E [BEST TRAM( POSITIONS""- -r 1k6 17A06Z

b lOZ

21 N 15- 2 FIXES

2 = 18/1325Z AIRCAFT
,-:3 4 = I7/21OZ SATE.LITE

1 3 4: 17/2223Z SATELLITE

7 6 5 5:IAOOZ PAN

1:N 81 0 = OOZ PAA
.FINAL BEST TRAM7 = 1A)30OZ SATELITE-I - 8= IMZ RADARI~10 = 1600Z SATLLITE

112 IJOOZ RADAR.- 12 = II/I30ZRAR

FoFre 3-06-3. Typhoon Vernons best track during the period when the

system was relocated. Note that no aircraft fixes were made between

170224Z and 181325Z Jufy. Also note the preponderance of radarfixes
and satelite fixes which indicated westward movement when the system
was actuaffy moving northwestward (dashed fines). ThJesefxes could not

be usedin thefinalbest track

145 nm (269 km) to the north-northeast of the Typhoon Duty Officer, it was decided that the
,. original 180600Z position. This relocation was satellite and land radar fix position should be

subsequently verified at 181325Z by the first investigated. Once there, the ARWO reported
aerial reconnaissance fix mission in nearly 36- rising heights at the 850 mb level and no low-
hours. level vortex. The Typhoon Duty Officer then

concluded there was only one circulation center,
The Aerial Weather Reconnaissance vice multiple vortices. The aircraft crew was

Officer (ARWO) on the fix mission reported then requested to return to the vortex they had
passing a probable vortex center on the inbound passed earlier and investigate it (see Figure 3-
leg of the primary fix mission as the aircraft was 06-4). The ARWO subsequently located the
heading toward the fly-to-point given by the vortex and reported a center height of 1363 m at
Typhoon Duty Officer. After consulting the 850 mb.
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Figure 3-06-4. P(ot of the 181325Z Yuly aircraft fix mission which
determined the low-level circulation center associated with Vernon.

After the relocation, radar reports from existed separate from Vernon's exposed low-
Guiuan Airport (WMO 98558) continued to fix level center. There is also no evidence that the

Vernon 170 nm (315 kmn) south of the aircraft central Philippine Islands ever experienced any
verified position. From synoptic data, there is significant winds associated with Vernon.
no evidence that a distinct circulation ever

.,.
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F:ure 3-06-6. 'The spiraing rainband of Vernon as
Fgur 3-06-5. Typhoon Vernon at its peak intensity seen by radar from Huaien, Taiwan ('4 0 46699) at
of 65 kt (33 m/sec) (200143Z July DMSP visual 201500Z Ju(y (Photograph courtesy of Centraf
imagery). Weather Bureau, Taipei, Taiwan)..

Vernon began to track steadily Typhoon Vernon began to interact with the
northeastward toward Taiwan. It reached terrain of Taiwan as it skirted the eastern shore
minimal typhoon intensity at 191200Z (see and rapidly weakened to a tropical depression
Figure 3-06-5). At that point positioning by (Figure 3-06-6). Vernon dissipated in the East
satellite was no longer a problem due to the China Sea on 22 July after passing the northern
better defined central features. On 21 July, tip of Taiwan.
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FTYPHOON WYNNE (07W)

Typhoon Wynne was the fifth typhoon zone east of the dateline and was first
in the western North Pacific in 1987 and was of mentioned on the 200600Z July Significant
interest due to several factors. Early Tropical Weather Advisory (ABPW PGTW).
communication with meteorologists from Analysis of the sparse synoptic data indicated
Kwajalein Atoll (WMO 91366) proved convergence enhancing cross-equatorial low-
instrumental in relocating Wynne, using radar level flow into the system in the horizontal with
fixes during its formative stages. The system moderate wind shear in the vertical.
developed into the third "midget" typhoon of
the year and maintained a visible eye for six Wynne moved westward and continued
days. Wynne tracked along a constant 294 to improve in convective organization. Satellite
degree bearing for four consecutive days, during intensity analysis (Dvorak, 1984) of the well-
which time, it crossed the northern Mariana defined spiral cloud bands at 210000Z
Islands, causing extensive damage to the islands estimated 30 kt (15 m/sec) surface winds and 45
of Alamagan and Agrihan. kt (23 m/sec) surface winds were forecast for

the next day. Based on this information, a
Wynne appeared as an amorphous, but Tropical Cyclone Formation Alert (TCFA)

persistent, mass of cloud in the maximum cloud followed at 210430Z. 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

?651 area was redefined at 212030Z and the TCFA
N Iwas 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

a to the north of their location. The result was a
120 nm (222 km) northward relocation of the
221200Z warning position from its expected

WYNNE 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 first 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

Figure 3-07-1. 'Vynne at the tropica storm stage of changed slightly from 12 nm (22 km) to 18 to
development about 200 nm (370 km) west-northwest 22 nm (33 to 41 km) in diameter. Typical of a
of the Kwajalein Atoll. t smaller than normal system, it had smaller than

gurroundin the sm bright ivO(222300Z average 30 kt (15 m/sec) wind radii.
free PAircraft reconnaissance revealed this anamoly.
Jly~ D9bLP viua imagery).
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FTigure 3-07-2. Plot of aircraft sAIV 5 3
reconnaissance data from 252 134Z to N 20 dd-< -
260 125Z Yuly, shzowing the surface and 700 /vo \ow05_3-%110
mb fight-evel wind distribution around
Typhoon W4jnne. Mpte the greater extent 19- 00 "so

of the wind radii in the northeastern 100

semicircle. 75 ~ 3D_3
18 -

TFigure 3-07-3. Typhoon Wynne two hours 17- 340 30 30 10

before crossing the northern Marianas and 1-2

near its closest point of approach to Guam. 16 2KrDo
71'J4ith the low morning sun off the right side In5 1XK cB,

of the picture, differences in cloud top b 1d-
heqhts are accentuated by shadowing. In N 142- I I T _
this image an apparent 'stadium' effect can F 142 143 144 145 146 147 148 E

be seen; the larger upper-level inner eye waif
boundary slopes downward to the I

concentric smaller low-leve( eye (252015Z
July DMSP visual imagery).

b
1 
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','.: !Figure 3.07-4. Midget 'Typhoon 'Wynne near
. . maximum intensity. NoIte the weif-defined 15
' nm (28 kn) eye (261815Z Jufy NOAA4J infrared

imageryj).
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Wynnes wind radii were nearly twice as large
in the northeast semicircle as elsewhere (Figure
"1-07-2). This appears to be related to the ,.
pressure gradient between Wynne and the
subtropical anticyclone to the north. Figure 3- t
07-3 shows Typhoon Wynne two hours before it
passed directly over the northern Marianas

.)2-iisland of Alamnagan (240 nm (444 km) north-jnortheast of Guam). At approximately the same A .
time (240000Z through 271200Z) Wynne .n WYNNE
followed an almost straight track along a mean .; r 4,

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/sec) on the 26th (Figure 3-07-4).

An interesting aspect of Wynne's travel
across the western North Pacific was that it S
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. Ft ure 3-07-5. 14,nne, at tropical storm intensity 130

nm (241 km) east of the Japanese is[and of Kyushu.
As Wynne rounded the western end of Low-level cloudiness defines the exposed circulation

the mid-level subtropical ridge, it began to center. Of interest, the bright and dark patches on the
.- experience increasing vertical shear from the oceans surface to the east of the system are the result of

north. The exposed low-level cyclonic
circulation became visible at 291500Z (Figure sun-glint. 'Iie patches indicate the areas of reLativeLy
3-07-5). Even with this unfavorable envi- smooth ocean surface with less wind waves which are

- .'-.) ronment in the vertical, there were strong winds usually the resuft of l4htersurface winds near the axis of
associated with the system for the next two the ower-tropospheric subtropicaf ridge. fn this case the
days. Aircraft reconnaissance at 29111 1Z ridge axis runs east-to-west near 22 degrees North'. ' '. found 700 mb winds of 76 kt (39 m/sec). aiue"a na nrsa g

Latitude. Understanding the location and atmospheric

- Wynne was downgraded from typhoon processes associated with this ridge are vitally important
to tropical storm intensity on the 32nd warning to tropical cyclone forecasting (292359Z July DMSP
(valid at 300000Z) after a satellite intensity visual imagery).

* estimate of 50 kt (26 m/sec) was attained.
Subsequent aircraft reconnaissance at 292157Z In retrospect, the islands of Alamagan
and 300027Z also reported maximum 700 mb and Agrihan suffered the only recorded major
flight-level winds of 60 kt (31 m/sec). damage due to Wynne's passage. Their crops

were 90 to 100 percent destroyed and all
Wynne continued slowly weakening as coconut trees were downed. Fortunately no

it moved eastward, south and southeast of the lives were lost. Except for this head-on meeting
main Japanese island of Honshu. Its forward between Wynne and these islands, no synoptic
speed increased as a result of stronger mid-level data revealed the potent punch of this midget
westerly flow. At the same time, Wynne began typhoon. Only direct aircraft measurement and
entraining cooler, drier air from the north. As a indirect satellite reconnaissance recorded the
consequence, extratropical transition was wind intensities because of the system's small
complete at 010000Z August. size.
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TYPHOON ALEX (08W)

Typhoon Alex was the fourth and final storm intensity as Alex showed initial signs of
tropical cyclone to develop during the month of development on July 22nd. Six days later, on
July, and combined with Typhoon Wynne the 28th, Wynne (07W) began to slowly recurve
(07W) to form the first multiple-storm situation south of Japan as Alex dissipated over the
of the 1987 western North Pacific tropical eastern China coast. The closest the two
cyclone season. Wynne (07W) passed through systems came to one another was 740 nm (1370
the Marshall Islands and intensified to tropical kin) late on the 28th.

D|

I--,t

I.-?

Figure 3-08.1. Morning view of the tropicat disturbance in the Philippine
* Sea which would develop into Typhoon Alex. Convective banding is evident
V" "I.  in the no-(eve(cfoud fines (220102Z July DMSP visualf imagenj).
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... Figure 3-08-2. Synoptic surface/gradient-level streamrine analysis of 230000Z Yufy data shows a broad
cyclonic circulation in the Phifippine Sea with an estimated minimum sea-leve( pressure of 1000 mb and winds
of30 kt (15 m/sec). (Note: drifting buoy wind speeds (in ktendosedin boes.)

Alex developed in the western end of
an active monsoon trough which stretched east- Over the next twelve hours, the con-
to-west 2400 nm (4445 km) (south of 10 vection increased and upper-level organization

* degrees North Latitude) from the dateline across improved rapidly. Infrared satellite imagery at
the Marshall and Caroline Islands. Late on the 221800Z indicated a central core of heavy con-
21st, routine analysis of satellite imagery vection had developed. Surface winds were
indicated a tropical disturbance persisting in an estimated at 25 kt (13 m/sec) based on the
area of poorly organized convection 200 nm Enhanced Infrared (EIR) technique (Dvorak,
(370 km) to the southwest of Guam. This area 1984). As a result, JTWC promptly issued a

O. was noted on the Significant Tropical Weather Tropical Cyclone Formation Alert (TCFA) at
Advisory (ABPW PGTW) at 220600Z due to its 221930Z even though synoptic data indicated
persistence and indications of convective only a broad surface circulation with an esti-
banding in the low-level cloud lines visible on mated minimum sea-level pressure of 1005 mb.
visual imagery that morning (Figure 3-08-1).
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Satellite intensity analysis at 230000Z Depression 08W. Six hours later, on the second
estimated surface winds of 35 kt (18 m/sec) warning, Alex was upgraded to tropical storm
associated with this disturbance. A 30 kt (15 intensity based on increased organization that
m/sec) 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- imagery wrapping into the center.
diately issued the first warning on Tropical

- o";!" Fqure 3-08-3. Vi/sual satelite imagery near thie time of te first warning on 'Tropicat Depression 08W .See thle
II . 230000Z July synoptic surface/gradient~level streamline anafysis in FTure 3-08-2 for comparison (230041Z Jufy

q).DSP visual imagery).
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Figure 3-08-. Initial OPCM 72 -hour guidance for Alex agrecaed withe

(YC~fi ~ igtesystem wudrmi south of the subtropica ridge and mov in itos

acothe Philip pine sands. Afex bes t track s also shown for comparison.
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The main forecast problem occurred scatter in the satellite fixes as a cirrus canopy
early, during the first two days of the system's developed over the center. This left JTWC
lifetime. Alex was forecast to track across the forecasters with no clear-cut indication of
Philippine Islands on warnings one through exactly where Alex's low-level center was. A
five. The primary guidance came from two solitary aircraft radar fix was obtained at
forecast aids -- the One-Way Interactive 240916Z which provided some close in
Tropical Cyclone Model (OTCM) and the Half information, however a trained Aerial Weather

- . Climatology and Persistence Model (HPAC). Reconnaissance Officer was cot onboard the
Figures 3-08-4 and 3-08-5 show the guidance flight and the meteorological accuracy of the
received for the first six warnings from the position was suspect. Figure 3-08-6 shows a
OTCM and HPAC, respectively. They in- satellite image prior to the time of the aircraft
correctly suggested Alex would remain south of fix. Notice the exposed low-level center is
the strong subtropical ridge, move across the displaced slightly northeast of the heaviest
Philippine Islands and then turn northward convection. The radar site at Guiuan (WMO
towards mainland China. JTWC forecasters 98558) in the Philippine Islands fixed this area
determined the OTCM and HPAC guidance was of heavy convection and added to the
flawed and, on the sixth warning, relocated uncertainty as to where the actual location of
Alex further north after several satellite fixes Alex's center was.
indicated it was moving towards the northwest
rather than the west-northwest. Unfortunately, Forecast guidance for the next five
beginning at 240900Z, there was increased warnings indicated Alex should track through

,., Figure 3-08-6. Morning view of

Alex. The exposed low-level center
is displaced slightly northeast of

the heaviest convection (240021Z
July NOAA visua imagery).
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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 intensify.
Between 241500Z and 241800Z, it developed 4
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/sec) 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 251200Z
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 MINDANAO
frontal boundary stalled across the eastern coast M A
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 Fiqure3-08-7. An impaed eye appears as a warm
north by the low-level southerly flow east of the (white) spot in the central cloud mass (darkgway)
stalled front, which caused it to brush the (2ie8p i the cAenhaced mass (rngny)
eastern portion of Taiwan (Figure 3-08-8) and (241837Zyuy19.4enhanedinf-rdimagery).
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

A. 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 281800Z, the remnants 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 Figure 3.08.8. 'Te ttihtly curved rainband and eye
over Korea and, as a consequence, over 12 waif of Typhoon Alex as seen by radar from Hualien,
inches (300 mm) of rain fell within 24-hours. Taiwan ('WO 46699)at 261400Z.uy (Piotograph
This deluge triggered major flooding, landslides coue o 46ntra ath r Bua, taph

and loss of life. In contrast, the damage to
Taiwan and China was minor.
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TAIPEI

WYNNE
INE1

!Tigure 3-08-9. Typhoons Al4ex and W1'ynne (07W) appeared together on this thresfwlded infrared sate (tite image
(9te: co(dest cloud tops appear £fckj. Afexhadjust moved inland over the eastern coast of China and ' 4 nne was
s tiff on a nortiiwes tward trac k, heading toward Okijnawa, Yapan (2 713 4 1Z Yuly Wv(SP inve rted infrared imagery).
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-" SUPER TYPHOON BETTY (09W)

Super Typhoon Betty was the first of trough, dissipated on the 28th of July, the mid-
two tropical cyclones to hit Vietnam during the level subtropical ridge again became well-
month of August. Betty was also the second established over the western North Pacific.
super typhoon (intensity equal to or greater than Coincident with Alex's (08W) movement
130 kt (67 m/sec)) of the 1987 western North toward the north was the replacement of the
Pacific tropical cyclone season and had the strong low-level southwest monsoonal flowlowest reported minimum sea-level pressure over the South China Sea by the ridge.

(891 mb). It intensified (deepened) explosively
" (Holliday and Thompson, 1979) prior to making Betty was first detected on the 7th of

landfall in the Philippine Islands. Other August as a tropical disturbance embedded in
distinguishing characteristics were the large size the monsoon trough, which extended from the
of the area of intense convection, the small Marshall Islands westward to the Philippine
radius of maximum wind and the associated Islands. Satellite intensity estimates (Dvorak,
strong low-level southwest monsoonal inflow. 1984) showed surface winds of 25 kt (13 m/sec)
Also of note was the large radius of gale force when the disturbance was 65 nm (120 kin)
winds in Betty's northwest semicircle, due to the north-northwest of the island of Belau in the
enhancement of surface winds by a strong western Caroline Islands. The system
pressure gradient between the tropical cyclone cloudiness developed rapidly early on the 8th
and the subtropical ridge. prompting JTWC to issue a Tropical Cyclone

After Typhoon Alex (08W), which had Formation Alert at 0300Z. Figure 3-09-1 shows
developed in the low-level southwest monsoon the disturbance on the 8th of August exhibiting

BBETT

MINDANAO

Figure 3-09-1. SuperTyphoon Betty as a tropica[ disturbance in the monsoon trough. Signs of orqanizedupper-[ev'(
outf(ow were present (081257Z August TMASP visua imagery).
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Figure 3-09-2. Plot of Betty's minimum sea-level pressure and central 700 mb
equivaent potential temperature during the period 082300Z and 120000Z August. Once
the critical crossing of the surface pressure and 'The ta-E traces occurred (at point A),
erplosive deepening was epected.

signs of organization in its upper-level outflow minimum sea-level pressure are compared to
pattern. The system moved westward and forecast explosive intensification. This
reached tropical storm intensity on 9 August. technique forecasts intensification to below 925

mb whenever the plots of minimum sea-level
In the 37-hour period between 100000Z pressure and Theta-E intersect near the critical

and 11 1300Z, Betty's minimum sea-level values of 950 mb and 360 degrees Kelvin, both
pressure dropped from 985 mb to 892 mb, a values being statistical means derived from
decrease of 93 mb. This translates to a drop of analysis of past intense tropical cyclones.
approximately 2.5 mb/hr (sustained for at least Figure 3-09-2 is a plot of Betty's minimum sea-
12-hours) or explosive intensification. JTWC level pressure and Theta-E during the period
uses a technique (Dunnavan, 1981), in which 082300Z to 120000Z. At point A (101730Z)
the 700 mb equivalent potential temperature, the two lines intersect, as the minimum sea-
Theta-E, (a measure of the tropical cyclone's level pressure at this time is plummeting
thermodynamic energy based on the central 700 downward. Based on this information,
mb temperature and dew point) and the explosive deepening was forecast.
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Figure 3-09-3 shows Super Typhoon to 110 kt (57 m/sec) as it accelerated across the
Betty near maximum intensity with a well- central Philippine Islands. The subtropical
defined eye and intense convection covering a ridge continued to be the dominant synoptic-
large area around the system. Aircraft scale feature, extending westward into the South
reconnaissance on the 10th and 1 th of August China Sea.
consistently located the maximum surface
winds 10 to 15 nm (19 to 28 km) from the After entering the South China Sea
center and radar eye diameters of 11 to 15 nm early on the 13th of August and still main-
(20 to 28 km). Both measurements showed the tamining 95 kt (49 mlsec) winds, Super Typhoon
center to be very small and compact. Betty began to reintensify over water as it

continued on a west-northwesterly track. By
Bty The threat posed by Super Typhoon 140600Z, Betty's intensity had peaked again, at
Betty resulted in the evacuation of aircraft from 115 kt (59 m/sec), 390 nm (722 km) south of
Cubi Point Naval Air Station and Clark Air Hong Kong. Betty slowly weakened as it began
Base, as well as the movement of several ships to interact with the mountains of Vietnam and
from Subic Bay. Later, news services reported the island of Hainan which prevented further
at least twenty people were killed, seven intensification by hampering its low-level
missing and more than 60,000 left homeless as a inflow. Crossing the Gulf of Tonkin in less
result of Betty's passage over the Philippine than a day, Betty slammed into the coast of
Islands. Damage to buildings and crops was Vietnam 190 nm (352 km) south of Hanoi. The
estimated in the millions of dollars. final warning on Betty was issued at 161800Z

as the system weakened and dissipated over the
Betty weakened from 140 kt (72 m/sec) mountains inland.

- JS

-7p

MINDANAO

Figure 3-09.3. Super Typhoon Betty near maximum intensity. This eSpanded image shows the weff.defined eye and
large symme tricat area of intense convection (110057Z August DMfSP visuat imagery).
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TYPHOON CARY (10W)

Typhoon Cary was the second Pohnpei in the eastern Caroline Islands. As a
significant tropical cyclone to develop in result, the cloud system was placed on the
August. It shared the western North Pacific Significant Tropical Weather Advisory (ABPW
with Super Typhoon Betty (09W) for four days; PGTW) at 070600Z. The system remained
coexisted with Super Typhoon Dinah (11W) for broad and poorly organized over the next four
one and a half days, and then was part of the days. By the 12th, upper-level outflow had
first three-storm situation of 1987 for 12-hours improved and was unrestricted in all quadrants.
with Dinah (11W) and Tropical Storm Ed Additionally, satellite intensity analysis
(12W). (Dvorak, 1984) showed winds of 25 kt (13

m/sec). A Tropical Cyclone Formation Alert
Cary was first identified on the 6th of (TCFA) followed at 120300Z.

August as an area of convection, that persisted
longer than usual in the monsoon trough 200 Aircraft reconnaissance at 122302Z
nm (370 km) to the southwest of the island of estimated the maximum surface winds at 55 kt

'WIND
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Ftgure 3-10-1. qime series from 120000Z to 171200Z October showing the natural scatter of raw

intensity data and the residtingfinalbest trackintensities.
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.,..F~ure 3-10-2. Plot of data from an aircraft reconnaissance mission at 141151Z
;""August, indicating that the circulation center at fltht eve( (850 mb) was about 18

~nm (33 km) to the south of the aircraftA fposition.

,. . (25 m/sec), but the minimum surface pressure ridge to the north. With Cary embedded in the
,..v reported was only 996 mb, which usually monsoon trough east of Super Typhoon Betty
" supports a maximum wind speed of 37 kt (19 (09W), the initial forecast reasoning was for

" m/sec). At 121800Z, satellite intensity analysis Cary to track northwestward south of the ridge,
determined that Cary's intensity was 35 kt (17 closely paralleling the track of Betty (09W).

., m/sec). Subsequent satellite intensity analysis, The intensity was expected to increase at a
six hours later, indicated that Cary had winds of normal rate, but the initial intensification and
45 kt (23 rn/sec). Based on these intensity development of Cary was inhibited by Betty
estimates the first warning on Tropical Storm (09W) to the west. As Betty (09W) began to
Cary was issued at 13000OZ with winds of 50 kt weaken as it crossed the Philippine Islands,

!I., (26 m/sec) gusting to 65 kt (33 rn/sec). Post- Cary's upper-level outflow improved enough to
analysis revealed that Cary most probably had allow development.

, ¢_,.' an intensity of 40 kt (21 m/sec) at the time of
,-'. the first warning, and had reached tropical Satellite intensity analysis over the
." storm intensity six hours earlier at 121800Z. next 36-hours indicated that Cary developed

%' rapidly to 90 kt (46 m/sec) at 140600Z. Post-
The synoptic feature that dominated the analysis revealed that the satellite-derived

low-level steering flow was the subtropical intensity estimate ("T-number") was incorrect -
i 68
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1000 mb surface pressure and surface winds of
OF 30 kt ( 15 m/sec). The accuracy of the latter fix

was especially Lluestionable since the flight-
level 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
nb fix (as indicated on Figure 3-10-2) should
have been made about 18 nm (33 kin) 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

0platforms 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 m/sec), and the 700 mb height was 3007
meters. This corresponds to about a 990 mb
surface pressure and 46 kt (24 m/sec) 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

MN A 90 kt (46 m/sec). Post-analysis settled on a
maximum wind of about 70 kt (41 mn/sec) at
151800Z (see Figure 3-10-1).

Cary reached its maximum intensity of
, , 85 kt (44 m/sec) at 170600Z, shortly before

making landfall on eastern Luzon (Figure 3-10-
3). The intensity dropped from 85 kt (44 m/sec)
to 50 kt (26 m/sec) as Cary crossed the

Figure 3-10-3. Typhoon Cary at near maximum Philippine Islands. Extensive flooding was
intensity and approaching landfall on the island of reported in the northern Philippine Islands.

Luzon (1 70036Z August gDrIS!P visual imagery). There were no reports of casualties.
'-'-"Cary continued onward across the

the diameter of the cold convective cover was
misinterpreted as the diameter of a central dense South China Sea and reintensified to 70 kt (36
overcast. Aircraft reconnaissance during the m/sec) just southeast of the island of Hainan.
same period indicated that Cary was weakening The closest point of approach was 15 nm (28
(see Figure 3-10-1). Aircraft reconnaissance at kmn) to the south of Hainan at 211800Z. Cary

, 140029Z reported maximum winds of 50 kt (26 then tracked toward the west through the Gulf
m/sec), however, a minimum sea-level pressure of Tonkin and swept into northern Vietnam at
of only 1004 mb was reported, which normally 221200Z. The final warning was issued at that
supports only 21 kt (11 Im/sec). Aircraft time. The dissipating system with its residual

, reconnaissance at 141151Z found 850 mb winds vorticity and moisture tracked northwestward
of 36 kt (19 n/sec) and an 850 mb height of over land into Burma before finally losing its
only 1425 meters, which extrapolated to about identity on satellite imagery.
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SUPER TYPHOON DINAH (11W)
V.%

Super Typhoon Dinah (11W), the most eighteen hours, Dinah developed a low-level
destructive typhoon to strike Okinawa and the circulation as it passed northwest of the island
southern islands of Japan in the past 20 years, of Pohnpei and moved beneath moderate
Sitcaused extensive damage to both Japanese directional and speed divergence at the 200 mb

,. civilian properties and U.S. military bases and level. The 200000Z satellite imagery indicated
assets. weak convective curvature and, as a result, a

Tropical Cyclone Formation Alert was issued at
Dinah was first observed on satellite 200427Z. During the next eighteen hours,

imagery as a disorganized cluster of weak satellite imagery indicated a considerable
convection in the near-equatorial trough on 18 increase in convection which had become more
August. By the 19th, convection became better centralized (see Figure 3-1 1-1). The system
organized and the disturbance was noted on the was assigned a Dvorak intensity number (T-
Significant Tropical Weather Advisory (ABPW number") of 2.0 which corresponded to
PGTW) issued at 190600Z. During the next maximum sustained surface winds of 30 kt (15

-.

% IP

-5""A

,.. •

.,. Figure 3-11-1. The initial development of Super Typhoon Dinah was first noted as a considera6le incrcase in tMc
amount of convection (202102Z August NOAA visual imagenj).
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210000Z, the first warning was issued on moved westward passing 120 nm (222 kin)
Tropical Depression 11W when it was located south of Guam at 220300Z with maximum

* 300 nin (556 kin) east-southeast of Guam. sustained surface winds estimated at 40 kt (21
rn/see). Dinah did not intensify at the normal

Between 21000OZ and 21 1800Z, rate of one "T-number" per day. This was
Tropical Depression 11IW assumed a more apparently due to 45 kt (23 m/sec) 200 mb
westward track in response to the strengthen ng winds over the cyclone which crested an
subtropical ridge to the north and moved undesirable shearing environment. However.
beneath an upper-level anticyclone which had by 24000Z, Dinah had moved away from this
associated strong speed divergence southwest of unfavorable shearing environment and
the system. The increased outflow signature on developed a good anticyclonic outflow pattern
satellite imagery allowed for a Dvorak intensity which was visible on satellite imagery. The
estimate of 35 kt (18 m/sec). Based on this 24120oZ 200 mb streamline analysis confirmed
estimation, Tropical Depression 1 1W was this and indicated a good cyclonic outdraft
upgraded to Tropical Storm Dinah (IgW) at directly over Dinah's center which became
21180,eZ. anticyclonic as it moved radially outward from
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the center. During the first half of this period, short-wave troughs passing to the north.
Dinah tracked westward and then gradually However, those minor restrictions did not
turned more toward the west-northwest. JTWC inhibit Dinah from continuing to intensify at the
forecasts correctly predicted the system's normal Dvorak rate.
motion which was supported by the dynamic
One-Wav Interactive Tropical Cyclone Model During the next twenty-four hours,
(OTCM)N. Typhoon Dinah's intensity increased at a rate

much faster than the normal one "T-number"
A Dvorak intensity analysis of satellite per day and by 260000Z it reached super

imagery at 240300Z estimated maximum typhoon intensity (130 kt or 67 m/sec) at a
sustained surface winds of 65 kt (33 m/sec) and location 500 nm (926 kin) east of northern
an estimated MSLP of 980 mb. On the Luzon (see Figure 3-11-2). Dinah remained at
240600Z warning, Tropical Storm Dinah was super typhoon intensity for only a few hours but
upgraded to typhoon status. At that time it was maintained maximum sustained surface winds
located 500 nm (926 km) west of Guam. of 110 kt (57 m/sec) or greater until 280600Z.
Between 240600Z and 250600Z, Typhoon
Dinah's outflow continued to increase with From 240600Z until 281200Z, Dinah
some restriction northwest through northeast of basically tracked toward the northwest at an
the cyclone which was associated with weak average forward speed of 11 kt (20 km/hr)

.4..

!Tiure 3-1 1.3. Vinali dusri~g its dissipating stage passing to the west of Okinawa, Yapan (290605Z .5ugust 0.LOJ.A
*visuaffimagery). 7
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during the first twenty-four hour period, on Okinawa. One person was killed and six
slowing to an average of 6 kt (11 km/hr) by people were injured. Trees were uprooted or
251800Z. The slower forward speed is typical broken off (Figure 3-11-5), utility poles and
of a very well-developed and very intense lines were blown down, and roofs and suffered
tropical cyclone as it approaches the axis of the structural damage. Total damage estimates to
subtropical ridge prior to recurvature. U.S. military facilities on Okinawa were in

excess of $1.3 million. Maximum sustainedAfter 281200Z, Typhoon Dinah made a surface winds on Okinawa were 63 kt (32
turn toward a more northerly track as it moved m/sec) with gusts from 98 to 106 kt (50 to 55
around the western periphery of the subtropical m/sec). Minimum sea-level pressure obs5rved
high. During the next thirty-six hours, Dinah ws93m t215Z y300),Iia
moved into unfavorable upper-level conditions was located 120 n5 (222 kin) northwest of
in the form of impinging mid-level short-wave Okinawa with maximum sustained surface
troughs moving northeastward across eastern winds estimated to be 85 kt (44 m/sec). A ship
China and Japan. As each short-wave trough passing 30 nm (56 km) northeast of Dinah's
passed north of Dinah, upper-level wind shear center at that time reported sustained winds of
increased and the system's outflow became 75 kt (39 m/sec) from the southeast and a sea-
restricted. As a result, Dinah steadily level pressure of 938.7 mb.
weakened.

Q Although Dinah began to weaken after Dinah began to recurve by 300000Z,
281200Z (Figure 3-11-3), it still had maximum assumed a north-northeasterly track and

* sustained surface winds of 85 kt (44 mlsec) as it accelerated while still maintaining maximum
passed 90 nm (167 km) west of Kadena Air sustained surface winds of 85 kt (44 m/sec). At
Base (Figure 3-11-4) at 291500Z. It caused 301700Z, Typhoon Dinah passed 60 nm (Ill

.... considerable damage to U.S. military facilities km) northwest of Sasebo Naval Base in western

,u

*41

Figure 3-11.4. Radarscope photo of Dinah at 291224Z August (Photo courtesy
of Detachment 8, 20 WeatherSquadron, Kadena AB, Japan).
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.Figure 3-11-5. Trees on Okinawa were damaged and uprooted by the high winds
associated with Dinah's passage (Photo courtesy of Detachment 8, 20 Weather
Squadron, Kadena AB, Japan).

Japan where maximum sustained surface winds beneath the polar jet stream which had winds in
of 60 to 65 kt (31 to 33 m/sec) with gusts to 90 excess of 90 kt (46 m/sec). Dinah was
kt (46 m/sec) were observed. Extensive damage downgraded to a tropical storm as its convection
was caused by the storm surge and tidal action sheared off to the northeast. The final warning
on seawalls and piers. A landing craft from the was issued at 310600Z as the cyclone continued
USS San Bernardino was destroyed when the to accelerate toward the northeast at 33 kt (61
seawall eroded and the pier collapsed. Damage km/hr).
also occurred to trees, utility lines and poles,
and some building structures. Damage costs to Throughout Dinah's life, JTWC
the Japanese Sasebo Navy complex were in consistently forecast recurvature and
excess of $6.7 million, making Dinah the worst acceleration toward the northeast through the
tropical cyclone to strike southwest Japan in Sea of Japan. Forecast track errors were smaller
recent history. than average. The dynamic aid OTCM

performed extremely well during recurvature,
By 310000Z, Dinah was becoming while the objective aids Half Persistence and

extratropical as it began to merge with a mid- Climatology (HPAC) and climatology were
latitude frontal system that extended used extensively as Dinah passed beneath the
southwestward across the Sea of Japan. It was subtropical ridge.
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TROPICAL STORM ED (12W)

Tropical Storm Ed (12W) was the third coincident weak low-level cyclonic circulation.
of four significant tropical cyclones that This suspect area appeared on the Significant
occurred during the month of August. Ed was a Tropical Weather Advisory (ABPW PGTW) at
difficult system for JTWC to locate and forecast 200600Z. For the next 24-hours, the disturbance
because of its fluctuations in intensity, speed moved rapidly at a speed of 17 to 23 kt (32 to 43
and track direction, and its poorly defined cloud km/hr) toward the west-northwest. Improved
signature, upper-level outflow and increased central

convection prompted the first Tropical Cyclone
Ed formed during the third week of Formation Alert (TCFA) at 210600Z.

August in the western North Pacific monsoon
trough about 90 nm (167 km) east of the island At 212130Z, a second TCFA was issued
of Majuro in the Marshalls. It was first detected to supersede the first TCFA, since the
as an area of persistent convection with a disturbance was moving out of the original alert
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Fiqure 3-12.2. 'The regeneratedTropicabDepression 12Wshorty before it was upgradedonce more
to Tropical Storm Ed(262252Z August DMSP visuaf imagery).

. irca. The disturbance continued on a west- Ed did maintain its low-level identity
-- orthwestward track at slightly lower speeds of even as Typhoon Dinah (11 W), which was
" .14 to 17 kt (26 to 32 km/hr). further to the west, was increasing the vertical

shear aloft over it. Finally, a ragged central
* Visual satellite imagery (Figure 3-12-1) dense overcast persisted and the system's upper-

,ho\kcd tighter curvature of the convective level outflow redeveloped. The third TCFA
" &Jid lines and increased cirrus outflow to the followed at 240800Z. However, by 250600Z,

north. Also, drifting buoys in the area indicated the TCFA was cancelled when the upper-level
-. ,tiffce wind speeds of 25 to 30 kt (13 to 15 outflow from Super Typhoon Dinah (11W),

nt',(ec . As a result, at 220000Z the second located to the west, increased its shearing effect
0 I(1A was upgraded to Tropical Depression on Ed which caused the convection to
*-I 2W. Unexpectedly, thirty-hours later Tropical significantly decrease.

1 : prcslon 12W showed significantly
t..- 'rca;ed convection and system organization At 262030Z, a fourth TCFA was issued

("n satellite imagery. Consequently, a final when cloudiness associated with the disturbance
AiIrning was issued. The tropical disturbance flared-up again. Satellite intensity analysis

I 'Ad then placed on the ABPW PGTW and (Dvorak, 1984) estimated the intensity of the
-m itored for signs of future regeneration. system at 35 kt (18 m/sec). This TCFA was
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almost immediately upgraded as Tropical 270600Z, Tropical Storm Ed's position was
Depression 12W, with a valid time of 261800Z, relocated on the warning due to the formation of
based on the receipt of a new satellite picture, a 60 nm (111 kin) diameter central dense
which indicated that the disturbance had been overcast from a central cold cover. As a result,
developing more rapidly than previously Ed's center location was moved 45 nm (83 km)
expected (see Figure 3-12-2). farther north. Later, at 271200Z, Tropical

Storm Ed (12W) was relocated a second time
The regenerated Tropical Depression when satellite fixes revealed that the system had

12W was further upgraded to tropical storm moved 75 nm (139 km) further north than
intensity at 270000Z. This upgrade was based previously forecast. When the central con-
on the Dvorak satellite intensity analysis at vection was finally stripped away from the low-
261800Z, that indicated 35 kt (18 m/sec) level circulation, the last warning was issued at
sustained surface winds. In addition, at 280000Z (see Figure 3-12-3).

,"N

I
[1

414

*IIL

A,,

Jt '. 4i

,A , Fiure 3-12-3. Tropical Storm Ed (12'W) after the system fuhd shed its central dense overcast
(270445Z August NOAA visual imagery).
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TYPHOON FREDA (13W)

Freda was the first of seven significant With the tropical disturbance just
tropical cyclones to develop during the month southeast of Guam, there was heightened
of September and the concern about intensi-
middle tropical cyclone - - fication as the system
(geographically) of three moved into an area of
s-stems that developed at SAN decreased vertical shear.
nearly the same time; ?AN During the night, infrared
namely Freda, Typhoon satellite images showed a
Gerald (14W) and Super " flaring of convection,Typhoon Holly (15W). rapidly expanding cirrus
During this three tropical outflow and a speedy

cvclone outbreak, indi- displacement of the cloud
vidual development and system toward the west.
movement trends were 1 Satellite analysis at
very similar even though 041745Z estimated maxi-
the systems were never mum sustained surface
closer together than 900 winds of 30 kt (15 m/sec)
nm (1667 km). Freda was and supported the issuance
unusual because although of the first warning on
it traversed less than 10 Tropical Depressio,, 13W
degrees of longitude while at 041800Z. (This was also
in warning status, it moved the time JTWC went to
northward for almost ". warning on Tropical
twenty-five degrees of Depression 14W.) Within
latitude. Freda's thirteen six hours, after the first
day life span and fifty visual satellite imagery
warnings were WESTPAC provided a better look,
records for 1987. Tropical Depression 13W

was relocated 215 nm (398
Freda developed in Figure 3-13-1. First appearance of Freda's eyekm) east-southeast of the

an active monsoon trough. (061723Z September NO A infrared imagery). 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 m/sec). visual imagery shows low-level
Satellite intensity analysis (Dvorak, 1984) cloud lines placing the low-
estimated maximum sustained surface winds of level circulation center
25 kt (13 m/sec). 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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" -, 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/sec). 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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,. -, Fgqure 3-13-3. Plot of the daify amounts of precipitation at two recording

- ",stations on Guam as spiral convective arms from Freda passed over the island.

west-northwest of Guam. This was also the the 1lth as it rounds the western periphery of
same time that Tropical Storm Gerald (14W) the subtropical ridge. Note the elongation of the

,. became quasi-stationary. The two systems were cloud system into an east-northeast/west-
approximately 900 nm (1667 km) apart at that southwest orientation. This asymmetry is a
time. consequence of adjustments between the

*: tropical cyclone and the ambient flow. (One
With the appearance of a small ragged day prior to Freda's change in track toward the

eye on satellite imagery at 061723Z (see Figure north, Super Typhoon Holly (15W) also moved
3-13-1), Freda was upgraded to typhoon northward. At 091200Z, the two systems were
intensity. After executing a tight cyclonic loop, approximately 1080 nm (2000 km) apart. Super
Freda began to move slowly westward on the Typhoon Holly (15W) had been steadily
8th. Then, on the 10th, Freda slowed and moving closer to Freda from the east prior to the
started a tight turn toward the northeast, northward bends in their tracks.)
Concurrently with the track change, Freda
reached an estimated peak intensity of 125 kt During this prolonged northward trek, a
(64 m/sec), based on Dvorak satellite intensity consequence of the intense monsoonal trough

, analysis. Figure 3-13-2 shows Freda early on and the absence of a strong subtropical ridge,
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Freda started to slowly accelerate and weaken. 180 nm (333 km). Shortly thereafter, Freda
At 1800Z on the 13th, Freda was downgraded to began extratropical transition as vertical wind
tropical storm intensity. shear increased and the system entrained dry,

cool, mid-latitude air. The last warning was
On the 16th, Freda began to interact issued by JTWC at 170000Z as the system

with an eastward-moving, mid-level trough accelerated toward the northeast.
passing to the north of the system. This
interaction resulted in a curved track toward the Guam received two distinct heavy
northeast. As a result, Freda missed the periods of rain over five days when Freda
southeastern tip of Honshu by approximately stalled to the west (Figure 3-13-3). Specifically

80 - 1012
- 6RADIET-LEVH WINDlS

Z'r 50 / * MISSING DATA 1010
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Figure 3-13-4. Gradient.level wind speeds and sea-levet pressure on Guam as Freda staffed
- southwest of the island. The period of fighter winds from the loth through the 11th was
_' associated with the proximity of the zone of low-level speed convergence (convergent

asymptote) between Freda andSuper Typhoon Holly (15W).
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on the 4th of September, when Freda was close gales from the south-southwest to west-
bv NAVOCEANCOMCEN/JTWC located on southwest for nearly 10 days (from the 5th
Nimitz Hill, Guam received 3.35 in (8.51 cm) of through the 14th) (Figure 3-13-4). The
precipitation, and the Naval Oceanography strongest observed winds reported during this
Command Detachment at the Naval Air Station period were the 40 kt (21 m/sec) southwesterly
Agana, a few miles further north, received 3.75 gradient-level winds at 121200Z. The resulting
in (10.93 cm). On the 8th, over 2.5 in (6.35 cm) high seas and hazardous surf through the
of rain fell on Guam as convection associated Marianas disrupted shipping, destroyed
with a spiral band passed overhead. Due to the seawalls, damaged reefs, eroded beaches and
proximity of Freda, and later Super Typhoon stranded islanders; but fortunately no lives were
Holly (15W), Guam experienced periods of lost.

.
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TYPHOON GERALD (14W)

Typhoon Gerald developed in early mentioned as a suspect area on the Significant
September in an active monsoon trough at the Tropical Weather Advisory (ABPW PGTW)
same time that Typhoons Freda (13W) and until 020600Z September, when persistent
Holly (15W) were intensifying further to the convection appeared.
east. Gerald was unique in that it matured
within the monsoon trough and did not detach A Tropical Cyclone Formation Alert
from it. The most distinctive feature of Gerald (TCFA) at 020830Z upgraded the suspect area
was an unusually large eye. in the Philippine Sea after a sudden flare-up of

convection within the cloud system. Almost
After Typhoon Dinah (11W) moved immediately the central convection fell apart as

" northward through the East China Sea and the poleward edge of the cirrus outflow
became extratropical in the Sea of Japan, the flattened, restricted by the amplification of a
minimum sea-level pressures (MSLPs) east of mid-latitude trough to the north. Cancellation
the Philippine Islands remained slightly lower of the first TCFA on the monsoon depression

S-(1005 mb) than the seasonal mean of 1007 mb. area followed at 030800Z (Figure 3-14-1). The
This below normal low-pressure area was not arrested development of the monsoon

"1,

._,

IOt T F.

*AREA

.At

Fure 3.14-1. A broad band of cloudiness associated with the southwest monsoon extends
eastward across the central Phlippine Islands (030653Z September NOAA visua imagery).
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Figqure 3-14-3. Due to northzerly flow aloft, convection associated wit4 thje (ow-evel circulation
center was confined to the southern semicrce (040642Z September NOAA visuaf image ry).

depression appears to be related to the prompted the issuance of a second TCFA atmovement of an upper-level wind maximum 041000Z. The first warning on Tropical
-across the island of Kyushu, Japan. This Depression 14W followed at 041800Z,resulted in an increase I n northerly flow over supported by a Dvorak intensity estimate of 30* the northern Philippine Sea (Figure 3-14-2). kt (15 rnlsec) and a drifting buoy report of aThis increased upper-level wind shear was 1001 mb that revealed falling surface pressures.

responsible for delaying Gerald's development
beyond the monsoon depression stage. Since Gerald was a shallow low-level

circulation in an active monsoonal trough, itsAt 040600Z, synoptic data obtained movement was erratic and difficult to forecast.6.from drifting buoy and ship reports indicated During the period 04000OZ to 071800Z, the
the MSLP had dropped to 1003 mb with 25 to primary numerical aid, the One-Way Interactive30 kt (13 to 15, mlsec) winds near the circulation Tropical Cyclone Model (OTCM), was used by
center. Satellite imagery also showed an JTWC to forecast movement.
exposed low-level circulation wds displaced
slightly to the north of a s Ingle major JTWC forecast Typhoon Gerald Would*convective band (Figure 3-14-3). These data slowly recurve to the east of Taiwan, however,
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Fure 3-14-4. Typhoon Geraldat maximum intensity. The large eye is approximately 60 nm (111 km) in diameter.
Prior to September, the 1987 season was characterized by an unusual number of 'midget' tropical cyclones. Typhoon

" Freda (13W), which aoso has an eye, is located approximately 1000 nm (1852 km) east-southeast of Gerald (082111Z
September DMiSP enhanced infrared imagery).

northwestward movement up the monsoonal coast 50 nm (93 km) east-northeast of Amoy, a
trough began on the 7th, as did acceleration and city about 245 nm (454 km) east-northeast of
intensification. The 081800Z warning signalled Hong Kong. The remnants of Gerald dissipated
a major change in the expected movement of over land and were no longer apparent on either
Typhoon Gerald. The forecast indicated Gerald satellite imagery or synoptic data after
would pass through the Luzon Strait and make 1 10000Z.
landfall on the southeast coast of mainland
China. Typhoon Gerald caused extensive

damage to Taiwan and China. In Taiwan, five
Typhoon Gerald, with a large classic people died and over $10 million in damage

S, eye 60 nm (111 km) in diameter, reached its was caused by heavy rain and flooding. Up to
maximum intensity of 105 kt (54 m/sec) at 16 inches (41 cm) of rain was reported in parts
081800Z (Figure 3-14-4). Later, Gerald skirted of the Zhejiang Province, China (south of
the southwest coast of Taiwan (Figure 3-14-5). Beijing). Flooding inundated more than 1,950
The mountainous terrain reduced low-level square miles (505,440 hectares) of farmland,
inflow and Gerald began to weaken (Figure 3- causing widespread damage to crops valued at
14-6). Gerald continued to weaken over the $121 million. The Chinese death toll from
Formosa Straits and made landfall on the China Typhoon Gerald was 122.
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Fig~ure 3-14-5. 9Zgdar presentation o h
concentric rainbands of Typhzoon Gerald as
seen fran 9-uafien, Taiwan (%M4~vO 46699)
at 09020OZ September (Photographi courtesy
of Central Weather 'Bureau, Taipei,

Taiwan).
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SUPER TYPHOON HOLLY (15W)

In early September the active the next four days (see Figure 3-15-3).
monsoonal trough spawned a three tropical Monsoonal troughing began to reappear on the
cyclone outbreak. Super Typhoon Holly was 171200Z surface/gradient-level streamline
one of the three. Typhoons Freda (13W) and analysis and was firmly re-established a day and
Gerald (14W) were first warned on at 041800Z a half later.
September, with Holly following 12-hours later.
As these three systems matured, the monsoon Holly began as a westward-moving area
trough became displaced well to the north of its of persistent, but weakly organized, convection
"normal" location (see Figures 3-15-1 and 3-15- at the eastern end of the monsoon trough 560
2). In fact, by the 11 th of September, Holly, nm (1037 km) east-northeast of Kwajalein and
Typhoon Freda (13W) and the remains of was first mentioned on the Significant Tropical
Typhoon Gerald (14W) were all north of 15 Weather Advisory (ABPW PGTW) at 010600Z.
degrees North Latitude as an anticyclonic As Holly developed over the next three days,
circulation developed in low-latitudes just north satellite reconnaissance intensity estimates
of the island of Pohnpei in the eastern Caroline (Dvorak, 1984) of maximum sustained surface
Islands. This anomalous low-latitude high winds indicated an increase from 25 kt (13

U."-",pressure suppressed additional cyclogenesis for m/sec) to 30 kt (15 m/sec). Vertical wind shear

m'p

-.-.~-- - 0

lFigure 3 G-151. radient.levef wind climatologyfor September (Sadfer, et a!, 1987).
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over the system remained low (not more than 10 The first warning on Tropical
kt (5 m/sec)), favoring development. Depression 15W followed at 050600Z. At that
Surface/gradient-level streamline analysis at time, the maximum sustained surface winds
040000Z showed moderate low-level cross- were 30 kt (15 m/sec), with a forecast increase
equatorial flow from the south into the to 35 kt (18 m/sec) the next day. Satellite
disturbance. This was apparent from the imagery on the 5th showed favorable upper-
southwesterly gradient-level winds at Truk level outflow and a ragged central convective
(WMO 91334) and Pohnpei (WMO 91348) at mass about 2 1/2 degrees in diameter (Figure 3-
040000Z. Minimum sea-level pressures were 15-4). Associated convective bands southwest
1006 nib in Holly with the mean environmental and east of the center implied a large-scale

. pressures near 1009 mb. This combination, circulation and little competition for energy
together with indications that the deepest from Typhoon Freda (13W) to the west. As a
convection was consolidating about the low- consequence, Holly developed from 30 kt (15
level circulation center, supported the issuance m/sec) at the time of the first warning to 90 kt
of a Tropical Cyclone Formation Alert at (46 m/sec) at the time of the ninth warning at
041930Z. 070600Z.
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Fure 3.15-6. 'The subtropical remains of Hoffy (162227Z September D)MSP visual imagery).
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Holly's track abruptly changed from drifting slowly west-northwestward. No binary
northwestward to northward at a position interaction was apparent between Holly and
approximately 720 nm (1333 km) northeast of Typhoon Freda (13W).) With no strong mid-
Guam. A maximum intensity of 140 kt (72 latitude systems approaching to provide
m/sec) was reached at 091200Z (Figure 3-15-5). stronger westerly or southwesterly steering
Sparse upper-air and synoptic data did not flow, Holly (along with Typhoon Freda (13W))
clearly show a specific weakness in the drifted slowly northward in the active monsoon
subtropical ridge to the north of Holly. As a trough and weakened. Holly acquired
result, the early forecast tracks called for west- subtropical characteristics after 140300Z, and
northwestward or westward movement, retained 45 kt (23 m/sec) maximum sustained
However, the relative movement and surface winds. Its remnants could still be
displacement of the monsoonal trough and the located on satellite imagery through the 17th
weakness of the subtropical ridge appear to (Figure 3-16-6), with the final satellite fix
have caused Holly's northward movement. (By obtained at 170600Z. No reports of damage or
the 10th, Typhoon Freda (13W) was about 950 loss of life were attributed to Holly during its
nm (1759 km) to the west-southwest and lifetime.
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TYPHOON IAN (16W)

Typhoon Ian was the fourth of seven average. The reason for the poor 72-hour
tropical cyclones to occur in the western North forecast errors was the unexpected slower
Pacific during September. Ian developed into a movement of Ian between 270600Z and
significant tropical cyclone six days after the 290000Z when the system became nearly quasi-
second three-storm warning situation of the year stationary while tracking generally toward the
involving Typhoons Freda (13W), Gerald northwest. If this abnormal behavior had not
(14W) and Super Typhoon lHolly (15W) had occurred, JTWC's statistics on Ian would have
ended on September 17th. Thirty-six hours been outstanding.
after the first warning on Ian, it was joined by
Tropical Depression 17W, which brought to Ian began as a broad, poorly organized
seven the number of periods during 1987 that tropical disturbance 330 nm (611 kin) to the
JFIVC was warning on at least two systems at east-northeast of Guam. Satellite analysts from
the same time. Even though, Tropical Detachment 1,1st Weather Wing (Det 1, IWW)

el)pression 17W was a very short-lived system, alerted the Typhoon Duty Officer to the
lurricane Peke (02C), which crossed the presence of a persistent area of convection
dateline (becoming Typhoon Peke (02C)), and showing improved upper-level outflow. This
Tropical Storm June (18W) soon took its place. was in the region where the monsoonal trough
This gave rise to the third three-storm warning was attempting to become re-established after
situation of the year and the second to occur being disrupted by the previous three-storm
during September. situation. On 21 September at 0600Z, JTWC

added the disturbance to its Significant Tropical
Forecasts verified extremely well on Weather Advisory (ABPW PGTW) and listed

Typhoon Ian. The forecast track error statistics its potential for development as poor due to the
for all three verification times (i.e., 24-, 48- and relatively high minimum sea-level pressures
72-hours) were significantly less than the five- (MSLPs) evident in the trough at that time.
year average (see Chapter V, Tables 5-lA Within 24-hours, the MSLPs decreased by 2 mb
through 5-213), though the 72-hour forecast and the wind speeds increased another 5 kt (3
error of 344 nm (637 km) exceeded the 1987 m/sec) to 25 kt (13 rn/sec) (see Figure 3-16-1).

5/%

SAPA

F~qure 3-16-1. Ian, as a tropical disturbance with 25kj (13 m/sec) maximum sustained winds
at the surface (220007Z September DMCSP visual imagey).
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Figure 3-16-3. Typhoon Ian approximately 12-
Figure 3.16-2. Curvature is evident in the hours before reaching its maximum intensity of
convective cloud lines just prior to JPWC 110 kt (57 m/sec). Npte the smafl circular eye
issuing a Tropical Cyclone Formation Aert at and compact central dense overcast (251146Z
230130Z (222346Z September DMSP visual September DMSP enhanced infrared imagery).
imagery).

Ian continued its slow-paced devel- (18 m/sec), based on spiral bands of convection
opment. Early on the 23rd, satellite imagery which became visible on visual and infrared
(see Figure 3-16-2) showed further inten- satellite imagery. The system was upgraded to
sification had taken place. Curvature became Tropical Storm Ian (16W) on the third warning
evident in the low-level cloud lines. Satellite (231800Z) as it progressed slowly westward
intensity analysis (Dvorak, 1984) of imagery at into an area of low vertical wind shear.
222346Z estimated 30 kt (15 m/sec) winds at
the surface associated with this disturbance. At about that time, Ian began to develop at
JTWC promptly issued a Tropical Cyclone slightly greater than the normal Dvorak rate of
Formation Alert at 230130Z for the Mariana one "T-number" per day. Wind speeds
Islands north of Guam. increased from 35 kt (18 m/sec) at 231800Z to

60 kt (31 m/sec) at 241800Z. Midway through
JTWC issued the first warning on Ian (as this period, Ian turned from its westward course

Tropical Depression 16W) at 230600Z, with an and began to move toward the northwest. Five
intensity of 25 kt (13 m/sec) and gusts to 35 kt radar fixes were obtained from Andersen Air
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!iFqure 3-16-4. Plot of the slight binary interaction between [an andJune (18W)sfwwing
their individua trucks and the path of the midpoints.

Force Base on Guam during this same time was during this time of steady intensification
period. The center positions were based on the that Tropical Depression 17W developed and
convective banding features. No eye feature then dissipated to the east of Ian. No binary
was apparent on radar for any of the fixes. interaction was apparent between them. A

steady, slow decline followed. Twenty-four
Between 241800Z and 250000Z, Ian reached hours after Tropical Depression 17W had

typhoon intensity as it moved steadily toward dissipated Ian slowed dramatically in forward
the northwest at 7 kt (13 km/hr). It intensified speed as it approached a mid-latitude front lying
at a rate of 10 kt (5 m/sec) per six-hour interval just to the east of the Ryukyu Islands. Ian
(i.e., between warning times) from 241800Z inched slowly northward between the times of
through 260000Z (Figure 3-16-3). Note the 270600Z and 290000Z at a rate of less than 2 kt
small circulareye and the compact nature of the (4 km/hr). Its deep central convection
deepest convection. Ian reached its maximum decreased significantly. The movement of a
intensity of 110 kt (57 m/sec) at 260000Z. It 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 Ian continued to slowly weaken as this
outflow became aligned with the jet stream interaction took place, however JTWC
(which was above the lower level front) and the forecasters and the Det 1, 1WW satellite
system began recurving south of Japan. analysts misread the changes to Ian on satellite

imagery. Dvorak analysis at 010600Z October
Meanwhile Tropical Storm June (18W), estimated Ian's intensity at 30 kt (15 m/sec),

-. which began its development on the 28th, was which supported a final warning and a
moving rapidly northwestward at 18 to 20 kt downgrade to tropical depression intensity.
(33 to 37 krn/hr). Ian and June (18W) were Post-analysis indicates that Ian most probably
close to one another at this stage (within 400 nm transitioned to a subtropical system (rather than
(741 km)) and eventually underwent a slight extratropical since the subtropical ridge was
binary interaction between 300000Z September located to the north of Ian) and still had 55 kt
and 020000Z October. In Figure 3-16-4, the (28 m/sec) winds at the time of the final
midway point is plotted for the times the two warning.
systems coexisted. Figure 3-16-5 shows a plot
of the relative movement of each system with The remnants of Ian continued to move
respect to the centroid position. As Ian and northeastward after it transitioned to subtropical
June (18W) moved northeastward and dis- and finally dissipated 1200 nm (2222 km) to the
sipated, the separation between their tracks east of Japan on the 4th of October. No damage
decreased. or deaths were attributed to Ian.
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TROPICAL DEPRESSION 17W
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satellre 'imarantedof Septe and deeomentionafer ithdpsdt the ninfcatTor the oftdisurBnce

PGoncuasrenew susTphoon aaan t (16'2 upprf ve sutf [o at Thepca Cftlofe ma etinAte Tropica -heprso fatera
14033j w hen nthwesste qusadn '7iis coinati oatrsgapeasto ave susppedure winsifatnad

* ~imdued die siatner water 'Th fa2 t( o1 ms.'h ist warningwsise nte2t on Sepemb ereso tW w6aZes titsed at

e abveshows mi-elroicae 'a oae otenrhato rpclDepression 17W Atrf bfr the secnaamn asisewie im a itsard-

inenty, fpo 30I m/and 60 upermee (1778o (matsotheaset of 'tjheo man (16149. A ~rpaicaff Derssonsedf

(eref circulation is visibfe slightfy west of the heaviest convection (242305Z September i)DM2S 1' Visuaf image ry).
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TYPHOON PEKE (02C)

Typhoon Peke (02C) was the first Peke continued moving northward until
hurricane during the past twenty years (since 270600Z. After which time, it tracked toward
Typhoon Sara (28) in September 1967) to form the west-northwest in response to the strong
in the central North Pacific and cross the date- mid-level flow around the subtropical ridge

- line. Peke was the only significant tropical lying to the north of the system. CPHC issued
cyclone to cross the dateline north of the their last advisory on Hurricane Peke (02C) at
equator this year. The first twenty-five 271800Z September. It was approximately 30
advisories were issued by the Central Pacific nm (56 kin) to the east of the dateline when
Hurricane Center (CPHC) in Honolulu, Hawaii JTWC issued its first warning (warning number
(the Naval Western Oceanography Center at 26) and redesignated the system as Typhoon

.,3 .Pearl Harbor, Hawaii issued the corresponding Peke (02C) at 280000Z. Peke crossed the
warnings for the Department of Defense dateline at 280600Z. After having maintained a
customers). The final twenty-three warnings steady 75 kt (39 m/sec) intensity for over 36-
were issued by JTWC. hours, it began to re-intensify. Peke reached its

second peak intensity (of 100 kt (51 m/sec))
Peke began as a broad area of between 290600Z and 291200Z, as upper-level

convection about 480 nm (889 km) to the south- outflow to the north improved.
southeast of Johnston Island in the west central

* North Pacific on the 20th of September. The Shortly afterward, JTWC was issuing
system tracked toward the west and increased in warnings on three western North Pacific
convection and organization over the next 24- systems. Typhoon Ian (16W) was over 2000
hours. The upper-level outflow was initially nm (3704 km) to the west, and having little
restricted by an upper-level trough to the north effect directly on Peke. About 1000 nm (1852
of the system. The first advisory on Tropical km) to the west of Peke, Tropical Storm June
Depression 02C was issued by CPHC at (18W) was beginning to organize (Figure 3-
211800Z. Satellite imagery indicated a low- 02C-1). Peke, together with Typhoon Ian
level cyclonic circulation with spiral banding. (16W) and Tropical Storm June (18W),
This developed after the tropical cyclone had modified the environment and forced the
moved toward the west past the restricting subtropical ridge axis even further north to
influence of the upper-level trough to the north. beyond 35 degrees North Latitude.

Over the next 18-hours, the amount of Earlier, as Peke crossed the dateline, it
convection continued to increase. Upper-level accelerated over a 48-hour period from near 7 kt
outflow was unrestricted to the south and was (13 km/hr) forward speed to about 16 kt (30
becoming less restricted to the north, prompting km/hr). At that time, Peke began to entrain
the upgrade to Tropical Storm Peke (02C). drier air into its central region. Satellite
During this time, Peke changed its track from imagery at 291800Z indicated that a banding
westward to northwestward in response to a eye was present instead of an eye within a
mid-level weakness in the subtropical ridge. It central dense overcast. Peke maintained its
continued to intensify at a normal rate (Dvorak, intensity and was still at 100 kt (51 m/sec) at1984) and began to track more toward the north. 301200Z, when the system began to decelerate.
CPHC upgraded the system to Hurricane Peke At that time, recurvature was forecast along

(02C) at 231800Z based on the formation of a with rapid weakening due to strong westerly
banding-type eye, but Dvorak intensity post- flow aloft. Peke became nearly quasi-stationary
analysis indicated that the system most probably at 010600Z October, prior to recurvature.
did not reach hurricane intensity for another 6- Within six hours, Peke was recurving toward
to 12-hours. Peke continued to intensify and the north-northeast and had steadily weakened
reached a first peak, of 85 kt (44 m/sec), at from 100 kt (51 m/sec) at 301200Z September
250000Z. to 75 kt (39 m/sec) at 01 1200Z October. Over
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the next day, Peke weakened even more, to 55 issued by J'TWC at 031200Z. The remnants of
kt (28 m/sec), but instead of tracking toward the Peke moved erratically over the next three 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 identified on satellite
last warning on Tropical Depression 02C was imagery.
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TROPICAL STORM JUNE (18W)

i N

00.

I I

]4jure3-18-1. Tropical Storm June (18W)was the seven th and finalf tropicalcyclone to ocrin the western North

Pacific during the monthi of September. ft foowed in the wa~e f Tropica>Depression 17W. June was of
a' sgnitfcance due to the fact that, as it develoaped, two other tropical cycones were aso being warned on by jlJ'19C.

,: June strugglfed to develop for four days and was first noted as a suspect area on the Signficant Tropical W'teather
'. Advisoy (ABP(WP ) on September 27th at 060oZ. At 280600Z, JT14-C issued a Tropica Cycone Formation

Z." Akrt based on inc reased convective organization and satelite intensity estimates ('Dvora, 1984) of 25 t (13 rn/sec
DSuring the nextt 18-hours, the convection associated withi June increased significantly north of the partiafy exposed

ow-le velcirc ulation center. 'This, plus a satelite intensity anafysis of 35 kt (18 m/sec), prompted the first warnin,
.,', at 290000Z. 'Throughout its existence, June s upper-fe vet outfl(ow was restricted in the west quadrant due to the

,',"strength of Typhoon fan's (16W)outflow. Thile final warning on June was issued on the 1st of October at O000Z
. .wfen the increased ye rtica wind shear finaffy stripped away the central coudi ness. 'The (ow-fe vet remnants

""a'continued to track toward the northeast and were detected on satelite imagery unti! the 2nd of October. 'The above
" image shows June approimately 12.hours after reaching its peakuintensity of 40 kt (21 m/sec) (2920I6Z Septembier

DM'SP vis ua! imagery).
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TYPHOON KELLY (19W)

* Typhoon Kelly was the first of two estimate (Dvorak, 1984) of 25 kt (13 m/sec)
significant tropical cyclones to develop during surface winds and supporting synoptic data.

the month of October. It moved steadily on a
northward track, reaching its maximum Over the next 36-hours, the surface
intensity at the point of recurvature near 28 pressures at Yap and Koror (WMO 91408) were
degrees North Latitude. Kelly made landfall on closely monitored for indications of possible
the Japanese island of Shikoku about 100 nm development. Surface pressures at Yap dropped
(185 kin) southwest of Osaka with typhoon- 1.5 mb per day, reaching a minimum of 1005
force winds, then crossed west central Honshu, mb at 090600Z (see Figure 3-19-2).
the main Japanese island, before moving into

,W the Sea of Japan. Visual satellite imagery on 8 October
indicated the low- level circulation center was

After an outbreak of three tropical displaced approximately 200 nm (370 km)
cyclones in early September, an aclimatological south of the main convective band. As a result,
surface ridge developed in the low latitudes satellite fixes at night, based only on infrared
which proved to be unfavorable for tropical imagery, were unable to accurately locate the

*. cyclones genesis for about six days. A similar low-level center through the high cirrus shield.
occurrence took place during the first week of
October with Typhoon Ian (16W), Tropical A Tropical Cyclone Formation Alert

Storm June (18W) and Typhoon Peke (02C). was issued on the tropical disturbance at
The strong surface ridge was the primary 090330Z, based on increased cirrus outflow and
synoptic feature in an area 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-
equatorial 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 BELA
satellite imagery on 7 October indi- KL
cated a circulation was developing
190 nm (352 km) south of the island
of Yap (Figure 3-19-1). The
071400Z Significant Tropical
Weather Advisory (ABPW PGTW)
mentioned the area and classified its
potential for development into a
significant tropical cyclone as fair, 9iqure 3-19-1. Moonlight visual imagenj sfwing Typhoon Keffy at an
based on an initial satellite intensity eiry stage offeveopment (071243Z OctoberWSP isua imaery).
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1015- AP (91413)
"1014- \, KOROR (91408)

- 1013 , , REPOTED VALUES

'." " " 1012

d ~ 1009

1008
1007

1006 _
1005 -T - I--I I

0 6 12 18 0 6 12 18 0 0 12 18 0 0 12 18 0 6 12 18 0
5 0 7 BT0O 8 9 10

F0Ture 3-19-2. A pot of the surface pressures for Yap and Kpror for the time period 05000O Z to

10000OZ October (missing values are extrapotatedfor continuity purposes). Although pressures were

dropping at both stations, the tower surface pressures and more rapid fals at Yap indicated the tow

pressure center was passing close by.

a'-t..:

WI..a..

',,,,:' KELLY

7~ue3-19-3. 'The tow-tevet circufation center tocated west of thle convective coud mass is partiatly obscured by

i !i cirrus blow-off A convective band south of KIelly identifies an area of intense convergence which extended as far

west as the island of indanao (100043Z OctoberWDS Pvsuol imagery.
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persistent convection around the exposed low- recurvature at 151200Z (Figure 3-19-4).
level circulation center. Satellite imagery over
the next 24-hours showed a steady increase in By that time, Typhoon Kelly posed a
the amount of convection within the cloud serious threat to Japan. As it began to slow its
system. The first warning on Tropical forward speed and recurve near the 28th
Depression 19W was issued at 100000Z, parallel, the forecast question was whether the
supported by a satellite intensity estimate of 30 system would continue to track northward
kt (15 m/sec). At the time of the first warning, across Japan or recurve south of Japan.
the low-level center was still located about 60 Synoptic data at 150000Z indicated the upper-
nm (Ill km) west of the dense convection (see level westerly winds south of Japan were nearly
Figure 3-19-3). zonal, which would tend to steer Kelly toward

the east-northeast, favoring the south of Honshu
A 35 kt (18 m/sec) ship report 30 nm scenario. This reasoning prevailed and

.", (56 km) north-northwest of the circulation recurvature south of Japan was forecast. By
center at 101200Z supported the earlier upgrade 160000Z however, a mid-level long-wave
to tropical storm and previous satellite estimates trough, anchored near the Yellow Sea, deepened
that Kelly had attained tropical storm intensity, as an intense short wave came in phase with the
The low-level center position remained 95 nm trough axis. Consequently, the steering flow
(176 km) southwest of the upper-level ahead of the trough shifted from westerly to
circulation center at that time. This separation south-southwesterly and Kelly continued its
between the low- and upper-level positions course across Japan instead of recurving sharply

northeastward.

Typhoon Kelly weakened only slightly
KINAWA as it began to assume extratropical

characteristics on the 16th. Synoptic reports
KELLY' 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

.r. 2(49 mj/sec) 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/sec) as typhoon-force
winds battered southern Japan. At least eight
people were killed.

F,-ire 3-194. Typhoon Ky approxiately twelve After crossing the islands of Shikoku
hours prior to its reaching its maximum intensity of 95 kt and Honshu, Kelly moved offshore and became
(49 m/sec) (150042Z October fSP visua imagery). extratropical over the Sea of Japan. Later,

. resulted in initial position relocations on the Misawa Air Base (WMO 47580), located near
101200Z and 101800Z warnings. the northern tip of Honshu, reported maximum

surface winds of 32 kt (16 m/sec) and a surface
Once the low- and upper-level centers pressure of 985 mb as the extratropical low

became aligned on the 11 th, Kelly slowly inten- passed between the islands of Honshu and
sified. Minimal typhoon intensity of 65 kt (33 Hokkaido at 171200Z. The residual circulation
m/sec) was reached at 120000Z. Kelly's inten- of Typhoon Kelly was no longer visible on

.- sity peaked at 95 kt (49 m/sec) near the point of satellite imagery after 180300Z.
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SUPER TYPHOON LYNN (20W)

Super Typhoon Lynn was the third PGTW) at 150600Z. Maximum sustained
tropical cyclone of 1987 to produce maximum surface winds were estimated at 15 to 20 kt (8
sustained surface winds of 140 kt (72 m/sec) to 10 m/sec); the MSLP was estimated to be
with gusts to 170 kt (87 m/sec) and the second 1008 mb. Over the next 18-hours, upper-level
to attain an estimated minimum sea-level outflow and the amount of convection increased
pressure (MSLP) of 898 mb (only Super significantly as the MSLP decreased to 1001
Typhoons Betty (09W) and Nina (22W) were mb. For these reasons, a Tropical Cyclone
lower with a MSLP of 891 mb). It was also the Formation Alert was issued at 160030Z, when
fifth super typhoon of the year. Lynn, during its the system was located about 360 nm (667 km)
latter stages, also had a devastating impact on north-northwest of the island of Pohnpei in the
Taiwan and caused some concern in the Hong eastern Caroline Islands. Six hours later at
Kong area, as well. 160600Z, the first warning on Tropical Storm

Lynn (20W) was issued, based on the satellite
Lynn began as a broad, poorly intensity estimate (Dvorak, 1984) of 35 kt (18

organized area of convection in the monsoon m/sec). Until 171800Z, Lynn had been moving
trough about 200 nm (370 kin) north-northeast toward the west along the southern periphery of
of Kwajalein Atoll in the Marshall Islands. the subtropical ridge. Before reaching tropical
After the convection had persisted for 24-hours, storm intensity, Lynn had been moving at
it was added as a new suspect area to the speeds in excess of 20 kt (37 krn/hr). But as it
Significant Tropical Weather Advisory (ABPW began to intensify, it decelerated. By 161200Z,

u .. .,1,%

AIPA

Ji Furr 3-20-1. TropicalStorm Lynn (20'VI, shortly before being upgraded to typhoon intensity

(180528Z October NOAA visualimagery).
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SAIPAN /

7L
ROTA6

14 15 16 17
18 OCTOBER

Figure 3-20-2. 9NDAR observations for the islands of Saipan and Rpta.
These observations illustrate the closest point of approach of Typhoon Lynn to

Saipan and Rota was between 181500Z and 181600Z.

Lynn was moving at a speed of only 6 kt (11 Navy ships sortied to open waters. Military
km/hr). At 180600Z, it was upgraded to airfields evacuated aircraft and secured some
typhoon status when visual and infrared satellite aircraft in hangars. All commercial flights to
imagery, plus radar observations from Andersen and from Guam were cancelled on 18 October.
Air Force Base on Guam, indicated Lynn had Most villages on Guam reported flooding in
formed an eye 20 nm (37 km) in diameter (see low-lying areas, broken windows, and power
Figure 3-20-1). Satellite analysis at that time and water outages. The power outages were
estimated Lynn's intensity at 65 kt (33 m/sec). caused mainly by the high winds which
(Post-analysis on the system indicated that Lynn knocked vegetation onto power lines, and
was most probably a typhoon at 180000Z.) required several days for Guam Power

Authority to repair. Perhaps the most serious
As it intensified, Typhoon Lynn was damage from Typhoon Lynn was to local

starting to track toward the west-northwest, agriculture.
away from Guam towards the island of Saipan.
Consequently, JTWC amended its 180600Z At 181500Z, Lynn made its CPA to the
warning which had forecast a more westward island of Tinian - 15 nm (28 km) southwest of
track. At 181200Z, Typhoon Lynn made its the island. The automatic weather station

w closest point of approach (CPA) to Guam when observations at Rota, 53 nm (98 km) south-
.. it tracked 75 nm (139 km) to the northeast of southwest of Tinian, and at Saipan, 5 nm (9 km)

the island. Maximum sustained surface winds to the northeast of Tinian, for 181500Z and
recorded on the island were 36 kt (19 rn/sec) 181600Z recorded Lynn's passage(see Figure 3-
with a peak gust of 57 kt (29 m/sec) at Agana 20-2). Maximum sustained surface winds of 45
(WMO 91212). A maximum rainfall kt (23 m/sec), with a peak gust of 65 kt (33
accumulation of 6.08 inches (154.4 mm) was m/sec) were recorded on Saipan. All
recorded at Andersen Air Force Base (WMO commercial airline flights to and from Saipan
91218). were cancelled. Schools and government

offices on Saipan were closed on 19 and 20
Lynn's approach had a profound effect October. The islands of Saipan and Rota both

on the island of Guam. Apra Harbor on the experienced island-wide power outages on the
west side of Guam was closed after four U.S. evening of 18 October.
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1 Fure 3-20-3. Super Typhoon Lynn at its maodmum intensity of 140 kt (72 m/see) (192240Z October
NOAA visual imagery).

Once past the Marianas, Lynn north of the typhoon provided a clue as to why
.s, intensified rapidly from 80 kt (41 m/sec) to its Lynn was not behaving as expected. Because of

peak intensity of 140 kt (72 m/sec), reaching Lynn's synoptic size cyclonic circulation, the
' super typhoon intensity (130 kt or 67 m/sec) integrated effect on the low- and mid-level

shortly after 191800Z. Super Typhoon Lynn steering flow was to eliminate the narrow
* maintained its 140 kt (72 m/sec) intensity subtropical ridge. Perhaps, OTCM interpreted

(Figure 3-20-3) until 210000Z. the large-scale storm-induced circulation as
being the synoptic steering flow and therefore,

As Lynn began weakening after did not detect the narrow subtropical ridge. In
210000Z, its track became westerly. Prior to contrast, Lynn was large enough to be resolved
that time, the forecast track had been west- by the Navy Operational Global Atmospheric
northwesterly to northwesterly. Numerical Prediction System (NOGAPS) and European
guidance provided by the One-Way Interactive Center for Medium-Range Weather Forecasting
Tropical Cyclone Model (OTCM) appeared to (ECMWF) numerical models, which in turn

- be accurate. The 210600Z warning echoed this provided more accurate forecast guidance. The
guidance, however Lynn persisted on its next warning (number 22 at 211200Z) put the

" westward track. A closer look at the lower- forecast back "on track" and OTCM became the
. tropospheric and deep-layer mean flow fields less-favored alternate scenario.
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A close encounter by a merchant vessel At 240000Z, Lynn was tracking through
on 22 October provided testimony to the fury of the Luzon Strait, moving toward the northwest.
the typhoon. Excerpts from the ship's log From 24 through 26 October, it devastated
include: portions of Taiwan (Figure 3-20-4). The island

received high winds because of the strong
"Sea and swell were of height and pressure gradient between Lynn's low central
steepness that we couldn't turn around pressure and the large high pressure area over
anymore ... Seas are approximately 2 mainland China. These high winds, caused

-. 1/2 times the bridge height and rapid orographic lifting along the steep
breaking all around us. At 1000 we mountains of Taiwan, producing torrential
recorded the lowest barometric precipitation. Although the center of Lynn
pressure of 969 HPA", (approximately passed 110 nm (204 km) to the southwest of
75 nm (139 kin) from the center of Taiwan, it produced heavy weather over the
Typhoon Lynn, at that time). "During northernmost parts of the island. News services
passage of "Lynn" visibility was reported 68 inches (173 cm) of rainfall on the
reduced to 000.0 mtr. Wind above capital city of Taipei from 24 to 26 October! In
comprehension ... our ears on the Taipei, torrential rainshowers caused landslides
bridge were popping due to pressure that smashed houses and killed 14 people. Over
change with pitching of vessel." 2,200 people were stranded by floodwaters from

0

IIl

*5AN--.

'- I iU' ,

Fagsre 3-20-4. Tropical Storm Lynn during its rapid weakning phase (250013Z October NOAA
visual imagery).
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the Keelung River in Taipei making travel toward the west-southwest away from the
impossible. The Central Weather Bureau in convective mass. At 270000Z, the final
Taipei reported 84 kt (43 m/sec) maximum warning was issued on Tropical Depression
sustained surface winds on 24 October and 61 20W (Lynn). Although the tropical cyclone had
kt (31 m/sec) maximum sustained surface winds lost its central convection, the remaining low-
on 25 October. The port city of Keelung level circulation center still had an impact on
reported over five million dollars worth of the Hong Kong area. The wind speeds and
damage from Lynn. Lynn created 20 ft (6.1 precipitation amounts the Hong Kong area

N. meter) high waves at Hengchun on the extreme received were higher than expected. The strong
southern tip of Taiwan and nine children were pressure gradient between the residual low
swept away. The result of Lynn's passage was offshore and the high over mainland China
Taiwan's worst flooding in 40 years; 42 people fostered gales along the south coast. The Hong

h. perished and 18 were reported missing. Kong (WMO 45005) 280000Z upper-air
sounding revealed maximum winds of 55 kt (28

Visual and infrared satellite imagery at m/sec) from the east-southeast, at 900 and 850
260300Z, indicated that Lynn was being mb. The low tracked south of Hong Kong, into
sheared apart. Subsequent satellite imagery the Pearl River Estuary and eventually
showed the low-level circulation center moving dissipated over land.

'--I'
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TROPICAL STORM MAURY (21W)

.1-

'-.*

00

Figure 3-21-1. Tropical Storm Maury was a relatively weak, but persistent, tropical cyc(one that tracked westward
across the Philippine and South China Seas. It was the first of three significant tropical cyctones to form in
XjNvember and the second system of the year to regenerate over water. Tropical Storm Maury formed in eary
November in the western North Pacific near-equatorial trough about 300 nm (556 k) to the southeast of Guam. ft
was first detected as an area of deep convection with a wef-defined, (ow-level circulation center but a poor upper-
level outflow and was first mentioned on the Significant Tropical Weather Advisory (ABPW PGW) at 070600Z.
'Due to unfavorable vertical shear, the system appeared to have a poor chance for further devefopment and showed

littfe siqn of intensification over the next three days. However, the central convection did increase. At 110130Z, a
Tropical Cyclone Formation Aert (TCFA) was issued Tie first warning on Tropical Depression 21Wfoflowed at
110600Z, based upon the presence of a centrafdense overcast andsatellite intensity estimates (Dvorak 1984) of 30 kt

"- - (15 m/sec). Tropical Depression 21W maintained its organization and convection over the nexCt 6- to 9-hours, but
,.'.--'. began to slow and weaken, as an eastward-moving, (ow- to mid-level trough passed to the north. At 120000Z, JTWC
issueda final warning, but continued to monitor the remnants for possibe regeneration. With the trough in the poar
westerdies disp(aced to the east, the convection in the remnants of Tropical Depression 21Wflared-up, prompting the
issuance of a second TCFA at 130330Z. Almost immediately, an abbreviated warning (the first of the year) was
issued (at 130530Z) as the c(oud system gained in organization. Over the next 12-hours, the regenerated Tropical

-. 'iDepression 21W maintained its organization, but remained be(ow tropical storm intensity (see above image). By
* .- 13180OZ, as it approached the Philippine Islands, Tropical Depression 21Wshowedsigns of becoming less organized,
:' ,-'. as the central convection diminished. Prior to Tropical Depression 21W crossing the Philippine Isands, Y 1WC

* altered its forecast philosophy from 'dissipating over land, to 'regeneration in the South China Sea. As Tropical
Depression 21W entered the South China Sea, the deep convection increased signifcan tfy. Dvoraksatefite intensity

- - analysis at 161200Z estimated maxtimum surface winds of 35 kt (18 m/sec), prompting J-WC to upgrade Tropical
-iii~i  'Depression 21Wto Tropical Storm Maury (21W). Maury tracked westwardacross the South China Sea and reached

the maximum intensity of 45 kt (23 m/sec)at 170600Z. Later, it made andfall on the southeast coast of Vietnam 25
nm (46 km) north of Cam Rpnh Bay at 190400Z. The final warning was issued at 190600Z as Maury dissipated over
hand V reports of severe damage or (oss of life were received (131009Z Nmvember D3.(SP infrared imagery).
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SUPER TYPHOON NINA (22W)

Super Typhoon Nina was the most
intense and most destructive tropical cyclone to - U IN CM
develop in the western North Pacific in 1987.
During its track toward the west, it devastated 150 " *~ 0) 435439
the Truk Atoll in the eastern Caroline Islands,
decimated the north central Philippine Islands
and then executed a final dramatic loop in the 20 ( 254(0 )254-256
South China Sea south of Hong Kong. Nina was
the second of three significant tropical cyclones
to develop during November. 2 ( I )105(0-104-106

Nina developed in low latitudes just 77
west of the dateline. At 150000Z, satellite 5 3 077(0)-976-977
intensity analysis (Dvorak, 1984) estimated a
cloud system center had maximum sustained --

surface winds of 25 kt (13 m/sec). For two days 7 0 400 )- 7 03 762
this disturbance showed marked diurnal
fluctuations in convection. It was first
mentioned on the 170600Z Significant Tropical 5 2(0)-50-%8
Weather Advisory (ABPW PGTW) as a system 0- V
with fair potential to develop into a significant ""
tropical cyclone. The system displayed good 3" 70U170" 160 144
upper-level outflow and increasing convection
over a broad area.

A Tropical Cyclone Formation Alert 850 V()52--51§
was issued at 190100Z as deep convection
consolidated in the center of the tropical low - ON OwM
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 *( 1 )012 010 +003
15 m/sec) 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 19/00Z
anticyclonic circulation (at 200 mb) was Figure 3-22-1. Heights of the standard pressure
displaced to the east of the center of cirrus fTvure -22-1. a(e preofutheatandardpressuroutflow (Figure 3-22-3). levels and surface pressure at Pohnpei (WM'O

, 91348), Truk (WO 91334) and Guam ('Tt49O
At the time of the first warning, 91217) at 190000Z. At this time, 9Vjjna was 230

working plots of satelli.. fix positions indicated nm (426 km)southeatst of the isfandofP,,hnpei. In
Nina was slowing down its west-northwestward comparison with Truk and Guam, the lower heights
movement. (To the contrary, post-analysis at Pohnpei (' 0 91348) at the 400 mb (ec and
revealed that Nina did not slow down while below are due to the approaching tropical cyc(one.
intensifying but actually accelerated slightly.
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FTigure 3-22-2. Sate [fite imagery indicating improving organization in thie central convection and
- . good upper-level outflow associa ted withI thie tropical distusrbance that was to become N'lina

(19 1457Z November l7YIS~P visuaimagery,).

* -. This acceleration along the working best track the right front quadrant of a tropical cyclone are
wkould greatly affect the forecast movement, a combination of its kinetic energy and the
For example, if a cyclone is moving at 2 kt (4 vector addition of its forward movement.) The
kni/hr) faster than forecast, it will travel in 72- lowest pressure recorded was 987 mb, which
hours an additional 144 nm (267 kin).) correlates (Atkinson and Holliday, (1977)) to 50

kt (26 in/sec).
Nina continued to intensify and

accelerate. By the time of the second warning Nina passed the Truk Atoll during the
at 191 800Z, Nina was upgraded to tropical early morning hours on the 21st of November.

*storm intensity. More rapid westward move- Civil Action Teams reported that five people
ment was supported by upper-level data at were killed, 38 seriously injured, and most of
Guam (WMO 91217), Truk (WMO 91334) and the more than 40,000 residents were homeless

-. Pohnpei (WMO 91348), which indicated 30 kt and without electrical power. The Truk Atoll
(15 in/sec) easterly mid-level flow during this was declared a federal disaster area in order to
time (Figure 3-22-4). At 201600Z, Nina passed compensate for the $30 to $40 million in

S..40) nm (74 kin) south of Moen Island in the damage to housing, businesses and agriculture.
* Truk Atoll while moving west-nrhetada In addition, U. S. Armed Forces airlifted

1IS kt (33 kmlhr). Satellite intensity analysi s supplies into the ravaged islands.
estimated winds between 45 and 50 kt (23 to 26
m/sec). Maximum winds reported at Moen After Nina passed the Truk Atoll, it

%Island were 60 kt (31 n/sec) with gusts up to 80 slowly decelerated. The rate of intensification
kt (41 m/sec). (Note: The difference in also slowed. Nevertheless, Nina was upgraded

4-intensity may be due to the fact that winds in to typhoon intensity at 21 1200Z. Nina passed
-~ 126
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Prognostic Reasoning

DTG Dieto GuidanceSne

260000Z WNW for 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

2nd alternate
scenario: Move west CSUM

270000Z WNW for 48-hrs NE surge interaction, Slowly
ECMWF & NORAPS decelerating
& HPAC

Alternate

271200Z NW then West NE surge, NORAPS &

NOGAPS & ECMWF

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

281200Z ENE Strong mid- to Accelerating
upper-level westerly
flow & CSUM

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

F gue 3-22-7. AbbreviatedPrnstic Pasoning for the 260000Z through 290000Z 9ember time period

60 nm (111 km) north of the island of Ulithi and 1979), dropping approximately 4 mb per six
95 nm (176 km) north of Yap at 221000Z and hours, as it approached the Philippine Islands.
221600Z, respectively. Later, on November Beginning at 241200Z, Nina began to
25th, an overflying Navy aircraft observed explosively deepen (Holliday and Thompson),
moderate flood damage to the Ulithi's dropping approximately 8 mb per six hours.
agricultural areas. Twenty percent of the Nina displayed a symmetrical eye that was 18
buildings had received structural damage. No nm (33 kin) in diameter (Figures 3-22-5 and 3-
damage was reported on Yap. 22-6). Nina slammed into the southern tip of

Nina began to slowly accelerate and Luzon at 251500Z with maximum winds
rapidly intensify (Holliday and Thompson, estimated at 145 kt (75 m/sec) with gusts to 175
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kt (90 rn/see). At least 687 people perished in which became a classic example of being wrong

the north central Philippine Islands. As with the for all the right reasons. The net result was~rkAol iasrc tngt hlpievr es iuto o ogKn ath
auhrtesdcaedasaeof emergency for 18 southern China coast.peby Nina. Overall

moethn50,00popewere either rendered As the system began to move
hoeeseacaed rlost their sources of northward, an eye became visible at 280300Z.

incme Coplnd wreheavily damaged. Within 6- to 12-hours, Nina was sheared apart
Newssoudestuiv typone to a Nina was the most by the shallow, but strong, low-level surge in

desrutiv tphon o ht hePhilippine Islands the northeast monsoon flow and strong westerly
in nearly 20 yerwinds at the mid- and upper-levels. During the

~shearing, the deep convection, which was
Nia raeredbetween the islands of poorly defined and being positioned as an

' uzo ad Mndro ndentered the South upper-level circulation by satellite, accelerated
' China Sea with 95 kt (49 m/sec) winds, east-northeastward along the quasi-stationary

,. Although satellite imagery could not detect an front. As a consequence, the forecast
• "eye, land-based radar continued to track the philosophy embraced a cloud system moving
""cloud covered eye. Shortly thereafter, Nina was rapidly through the Luzon Strait and becoming
. packing 100 kt (51 rn/see) winds. extratropical. (Post-analysis found that the low-

% level most probably separated from the upper-
"-Once Nina was in the South China Sea, level circulation center at 280600Z. This

the forecast philosophy attempted to keep up resulted in a 340 nm (630 kin) difference at 24-
with the changing synoptic situation. Figure 3- hours between the working best track and the
22-7 provides an abbreviated look at the final best track points as seen in Figure 3-22-8.)

*: specifics of each prognostic reasoning message The upper-level cloudiness did move east-
for the 260000Z through 290000Z November northeastward; however, the low-level

-- time period. Basically what initially appeared circulation center executed an anticyclonic loop
'--to be straight-forward, wasn't! The decoupling and headed slowly southward with the
%"of Nina's lower- and upper-level circulations monsoonal flow. The residual low-level
""tdeveloped into a complex event; culminating in vorticity and cloudiness rapidly dissipated over

the 270000Z prognostic reasoning message, the South China Sea.
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TROPICAL STORM OGDEN (23W)

0~

N4

* flur 2 1 'hethid iqnfiAnttoiaLyAn. ~ oemeToia tr g~ndvlpdit n~ia
~OGDEN pW-fl0 teSuhhiaSaadqifyMALAaloe oten'ita.Qdnwsfrtdtce aeo

i\'crbr 0h sa orl ran~edaeao cnvetonjs es o heihiipie. neinte othCin eah
dc-'cf'pmcn of s iLqlwlze lu ie e otessesfrtmnino h infcn Toia tete

I~~'r lPI~k~il a 3t02 t 4402 'rpca ylou fraio kt 'CJ)ws4sudeae
* one!~ impove lo-levl coud rqaizaion nd ynotic epots o a losd sufac cirulaionwithilt Iu

j ': rc 23 1 'Th e whih sn promp te t fitwar n o ' oebeTropica f SPpes~~ 3~ tor Ogden,0 v(oee iae aov tro
24torm in ten reathchdamiuminteeaanqity ofa4e ta(23 ovecj r suhrVitoammakinq land/all.irstddetmade landfall

onB' 1 ai. a.tcos i t 18n2 33060 )Zsuth 4O]Tu Ja at2419002. The omain afrin was isue at 2500002. e

* a 154 s.to m ( oved inland ec andtt dissipate (240Z2 ~vomrk I inenisu aali a efiteijc;esiae 0
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TROPICAL STORM PHYLLIS (24W)

Typhoon Phyllis was the only exhibiting a rapid increase in the amount and
significant tropical cyclone to develop in the organization of convection. The potential
western North Pacific in December and the third development was listed as fair due to the pre-
to regenerate over water in 1987 (reference existence of a low-level circulation and
Tropical Storms Ed (12W) and Maury (21W)). unrestricted upper-level outflow.
It struck the central Philippine Islands three
weeks after Super Typhoon Nina (22W) and A Tropical Cyclone Formation Alert

;, added further misery to that ravaged nation. (TCFA) was issued the next day at 100230Z
when a satellite intensity estimate (Dvorak,.,.-.,

Phyllis began as an area of weakly 1984) indicated 25 kt (13 m/sec) winds at the
",' organized convection in the eastern Caroline surface. The first warning, on Tropical

Islands 150 nm (278 km) southeast of the Truk Depression 24W, came at 101800Z as the
Atoll. It was mentioned for the first time on the estimate of the surface winds increased to 30 kt
091030Z December Significant Tropical (15 m/sec) and the associated deep convection
Weather Advisory (ABPW PGTW) after became more centralized. At that time, Tropical

A 4'

SN

0k0
-.-

eOOf

"'1[" 7qure 3-24-1. q1he we~ff[.fined, low-level circulation center of 'Tropical :Depression 24W4 is revealed by! the
• ~spiral co,! vec tive bands of couainess (11054 7Z Decemb~er NPAAl. visual imagery).
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Depression 24W was located 370 nm (685 km) its forward motion until 130600Z, then abruptly
south-southeast of Guam and was moving changed course and accelerated toward the
towkard the northwest. Twenty-four hours later, west-southwest. After downgrading the tropical
it made its closest point of approach to Guam cyclone to a tropical depression at 130000Z, the
(210 nm (389 km) to the southwest) and was final warning followed at 140000Z. The
upgraded to a tropical storm based on the displacement of central convection to the
development of a large cloud system and northeast of the low-level circulation center and
improved upper-level outflow in the southwest the entrainment of cooler, drier air appeared to
quadrant (see Figure 3-24-1). Early dissipation have started an irreversible weakening process.
was forecast (beginning with the third warning
at 10600Z). The approach of an eastward- However, within 18-hours (once the

- moving, mid-latitude trough would increase the vertical wind shear decreased), Phyllis began to
vertical wind shear. As the short wave moved reestablish its central convection under a
eastward from mainland China, Phyllis slowed favorable upper-level outflow pattern. This

MANILA

MINDANAO

Fsqure 3-24-2. TropicalStorm Phylffis shortly after regeneration (142136Z December DMSP infrared imagery).
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resulted in the issuance of a second TCFA at After peaking, Phyllis weakened slowly
141630Z. The (first regenerated) warning for 24-hours while traversing the central
followed at 14180OZ (as warning number 15 on Philippine Islands. Weakened by the frictional

*the system) based on the satellite intensity effects of the surrounding mountainous island
estimate of 45 kt (23 m/sec) (see Figure 3-24-2). terrain, Phyllis entered the South China Sea and
Intensification continued until 15000OZ when was downgraded to a tropical depression at
Phyllis peaked at 100 kt (51 m/sec) while 180000Z. The forecast to dissipate within 48-
making landfall on the island of Samar in the hours over water was basically correct,
central Philippine Islands (Figure 3-24-3). however, the tropical cyclone did briefly
Phyllis left ten people dead and thirteen more reintensify to 35 kt (18 disec) on the 19th. No
were listed as missing when a ferry boat sank other reports of deaths or serious damage were

- off of northern Samar. received.
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3. NORTH INDIAN OCEAN
TROPICAL CYCLONES

Eight significant tropical cyclones TABLE 3.5 NORTH INDIAN OCEAN
developed in the North Indian Ocean during TABL 3 I5 NORTCANIAROCAN1987. That set a new all-time record and 1987 SIGNIFICANT TROPICAL CYCLONES
surpassed the previous high of seven systems in

CALENDAR K*WR OF MAXIMUM1979. This was in sharp contrast with 1986 DAS T WR: C S ,cE S :- TF:
TRP:CL YCOE ERO O WR: D ARNSN IF WAHR:RC W~SUAC 57 M":

when only three significant tropical cyclones r cwc P ' A:IC WI:W :SS s , :0: W.P RB
were observed. The long-term mean is iC D3 0 FEB D3 FE 3 i 55 (08; 4

TC 028 02 jU6 'I JLN 4 '2 55 (281 981
approximately four per year. These eight ic CA 0, JUN C,' 5 , 5 26 9

systems (all of tropical storm intensity) 11 04 S lET 1 3 4523,, 8:iC 058 51 XCr 03 9S 4 14 40 (211 984

developed during the Spring and Fall transition CC CAB 1 NOV 13 N 3 6 50 1261 981
C OA 08 DEC 'I DEC 4 4 45 (231 98:

periods (i. e., the intervals of weak opposing CC 088 18 DC DEC 2 5 351 8:i ,

U.? wind flow between the Northeast and 18 TTALS: 26- U

Southwest Monsoons). Tables 3-5 and 3-6
provide a summary of information for 1987 and *Overlapping days are counted only once in sum.

comparison with earlier years.

TABLE 3-6. FREQUENCY OF NORTH INDIAN OCEAN
TROPICAL CYCLONES

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

1971* - - - - - 0 0 0 0 1 1 0 2
1972* 0 0 0 1 0 0 0 0 2 0 1 0 4
1973* 0 0 0 0 0 0 0 0 0 1 2 1 4
1974* 0 0 0 0 0 0 0 0 0 0 1 0 1

1975 1 0 0 0 2 0 0 0 0 1 2 0 6
% 1976 0 0 0 1 0 1 0 0 1 1 0 1 5

1977 0 0 0 0 1 1 0 0 0 1 2 0 5
1978 0 0 0 0 1 0 0 0 0 1 2 0 4
1979 0 0 0 0 1 1 0 0 2 1 2 0 7
1980 0 0 0 0 0 0 0 0 0 0 1 1 2
1981 0 0 0 0 0 0 0 0 0 1 1 1 3
1982 0 0 0 0 1 1 0 0 0 2 1 0 5
1983 0 0 0 0 0 0 0 1 0 1 1 0 3
1984 0 0 0 0 1 0 0 0 0 1 2 0 4
1985 0 0 0 0 2 0 0 0 0 2 1 1 64 1986 1 0 0 0 0 0 0 0 0 0 2 0 3
1987 0 1 0 0 0 2 0 0 0 1 2 2 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 2 1 0 1 9 6 0 1 3 13 19 6 61

" WC WARNING RESPONSIBILITY BEGAN ON 4 JUN 71 FOR THE BAY OF BENGAL. EAST OF 90 DEGREES EAST LONGITUDE. AS DIRECTED BY

?:NCPAC. J:WC SSUED WARNINGS ONLY FOR THOSE TROPICAL CYCLONES THAT DEVELOPED OR TRACKED THROUGH THAT PORTION OF THE BAY OF
7FNO.'A COMMENCING WITH THE 1975 TROPICAL CYCLONE SEASON. JTWC'S AREA OF RESPONSIBILITY WAS EXTENDED WESTWARD TO INCLUDE
THE WESTERN PORTION OF THE BAY OF BENGAL AND THE ENTIRE ARABIAN SEA.
FORMATION ALERTS: S OF d FORMATION ALERTS DEVELOPED INTO SIGNIFICANT TROPICAL CYCLONES. TROPICAL CYCLONE FORMATION ALERTS

WERE ISSUED FOR ALL OF THE SIGNIFICANT TROPICAL CYCLONES THAT DEVELOPED IN 1987, EXCEPT TROPICAL CYCLONE 03A.

WARNINGS: NUMBER OF CALENDAR WARNING DAYS: 26

BNUMER OF CALENDAR WARNING DAYS
WITH TWO TROPICAL CYCLONES: I

NUMBER OF CALENDAR WAR NING DAYS
WITH THREE TROPICAL CYCLONES: 0
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TROPICAL CYCLONE 011B

TC01B

jiqure 3-01'B-1. 'Tropical-Cyctone 01B was the first s~gnificant tropicalcyc~one tofonn in th-e Bay of Bengaf durinq
1987. It was detected as an amorphous area of convection about 500 nim (926 kmn) east of Sri Lanka on the 29th of

-. Ia nuaq/ and-was noted on the 301800' Significant Tropia'Weather~dvisory (ABIO 1'GI{9 Satelite imagery at
* that time shu'ed upper(ez'(anticyctonicat/y curve oufo zeauek o-zeic~ton. U1ti the nqt 24

* ~hours, the organization and amount of convection steadily increased A1 Tropical Cyctone Formation iAtert w4as issued
at 311 900Z. Sate ffite imauqry showed convective banding had continued to increase, but sparse synoptic data showed

- - no [&ou, surfa ce pressures,. At OOOOZ on February 1st, the first warning was issued with the appearance of a centraf
* densec overcas t and unres5tricted outf (ow in aft quadrants. 'The system then trucked steaddy northeastward. The

intens ity peake'd at 55 (p t(28 m see) at 02060OZ as the system began interaction with upper-fe vet southwcsteric,,
* which sent a liong pfume qof cirrus northeastward across Burma. A partiafy exposed tow-(evet circulation center

became apparent at 0300002., as i ncreased vert icalwind shear from the southwestertics aft' stripped away the central'
cfoudiness. Six hou rs to ter the towv -fe vet vortex was fuilly exposed (see above image ry). At 031200Z, ?nt1' issued the

*~ /na/ wtarning on the 30 kt (15 m sec) wea*. ning tropicaL cyctone. 'The remnan ts of'Tropic a! c ycfone 0O1B con tinued to
* ~~track~ toward the northeast and dissipatio n occurred after it madetaufffo erry4hortenrhwscot

* of Burma j0308052 february 'V0QI visual" image ry).
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TROPICAL CYCLONE 02B

[ p./,

Jigure 3-02'B-1. TropicalCyclone 02~B was the second s giftant tropical cyclonte to form in the Bay of Bengal It
was detected on satellite imagery as an area of organizing convection about 220 nm (407 km) southwest of 1&angoon,
~Burma and was first mentioned as a new suspect area on the 30180OZ M7say Stnitrant Tropical Weather Advisory

- ~(A'BfO PqW). Pihe development of strong ce ntral convection prompted a Tropical Cyc (one Formation Alert on 2lune
* 1Ist at 0600Z. 'The first tropical cyclone warning jfolowed a daoy later at 02060OZ as a result of continued

development. 'Th forecast track toward the northwest, which agreed closely with the H-alf Persistence and
Clima tology (9iTAC) guidance, changed during the subsequent 24 -hours, as mid-level ridgn cueTropical Cyclone

02'B to assume a recuivature track toward the northeast (see above imagery). Pie One-'Way Interactive Tropical
Cyclone Miodel (O'TCM, correctly predicted this recurvature toward the northeast; however, the guidance was
discounted due to the previous poor performance of the model in this region. At 04 0600Z, Tropical Cyclone 02~B

I.,.. reached its ma~rjmumn intensity of 55 kt (28 m/sec) and develoed a raggd eye. Puis intensity was maintai ned until
the system made ladfaffover 'Bangladsh at 041200Z. Apid dissipation followed Nj rport ofd age orlso

% ffewere received (O3042lZ Yune VMi4S1 visual imauge ry).
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TROPICAL CYCLONE 03A

- 9~gure 3-03A-1. Tropca(Cyclone 03A began on .Yune 4th as a monsoon deression wtith the stpporting convection
* . dspiacedfrom the (orv etcircutuion center. %lrougfwut the fife of Tropica(Cydone 03,% brisksouthwterlflfow
- dominated the low eve&5 with an overling tropical easterty jet in the upper e~ve&. '7he low pressure center devekoped

250 nm (463 kmn) southeast of central Oman and moved s~owdy eastward along the edgqe of the (ow-1e ye t

soutfiwesterfies. An ev.panded radius of over 30 kt (i5mlsec)winds in the south semicirde resudtedftvm interaction
between the tropical cyclone and the afready brisk monsoonaiffow. YPWC issued its first warning at 050600Z
without a preceding Tropical Cyclone ormation Aert, due to the rapid consofidation. of convection around an

e~osd lw-lvelcirulaioncenter. !Post-analjsis inicated the system had actuaffy reached tropical storm intensity

18-hours earfler. Tropical Cycl[one 03A reached a ma~rjmum intensity of 50 *j (26 mlsec) at 06000OZ shot" before it

wetedfy. '771 final wrning uws issued at 09120OZ as the system rapidly wrakned due to increased vertical wind
shear. Cloudnesssociated with the remains of the (ow-(eveciruationflaredupfora short time between 11040OZ

(I 10501Z Yune W#(SP visua imagery).
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TROPICAL CYCLONE 04B

OI

00

Fture 3-04B-1. Tropical Cyclone 04B began as a monsoon depression in the Andaman Sea on the 12th of October
and tracked toward the west-northwest. By 13 October at 0600Z, the cloud system had separated from the generat
monsoonat cloudness. At that time, JffVC added the system to its S~gnificant 'Tropical Weather Advisory (ABIO

PGTW), and indicated its potential for continued development was fair. At 142030Z, YWC issued a Tropical
Cyclone Formation Afert based on the appearance of a central dense overcast and an associated higher Dvorak
intensity estimate of 30 kt (15 m/sec). The first warning foffowed at 150000Z as a resuft of a Dvorakestimate of 35
kt (18 m/sec) surface winds (see above imagery). This first warning, which indicated [andfall within the next 12- to
24-hours, was also destnated as the final warning. However, this forecast proved to be overly optimistic. At
151800Z, Tropical Cyc(one 04B peaked at 45 kf (23 m/sec) and a second warning was issued. This was necessary
because Tropical Cycone C4B was on track, but stiff over water. At 160000Z, Tropical Cyclone 04B was finalfedfor a
second time as it moved inland and weakened (1 50408,Z October DSP visual imagery).
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TROPICAL CYCLONE 05B

.'p

'5 .p.

"5-

i

Fiure 3-05B-1. TropicalCyclone 05B spawned from the monsoon trough over the southern Bay of Bengal midway

between Sri Lanka and northern Sumatra in [ate October. Its detection on satellite imagery resulted in the reissuance
of the Significant Tropical Weather Advisory (ABIO PGTW) at 300300Z and assignment of a fair potential for
development. Intensification continued and a Tropical Cyclone Formation Alert was issued at 301557Z. 'The first
warning was issuedat 310000Z. Tropical Cyclone 05B moved toward the north and was initially forecast to
continue moving northward, then turn northeastward, crossing southern Bangladesh and northern Burma. Instead,
it assumed a northwetwardtrackandslowedinforwardspeed. Once the system began to take a definite track
toward the northwest, the forecast philosophy was changed and the One-Way Tropical Cyclone Model ((YTCM)

guidance was followed with excellent results. The peakintensity of 55 kt (28 m/sec) was reachedat 1200Z on the ist
of No/vember and maintained until the system was cose inshore as evidenced by the we f-defined convective cloud

* band on the satellite image above. Issuance of the final warning occurred at 030600Z as Tropical Cyc[one 05B was
dissipating over [and (020221Z Npvember NOAA visuaf imagery).
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TROPICAL CYCLONE 06B

CACUT

J~que 306~-1.Troica~ycone 6'Bbecme vidnt n stellte magry n 89i~'emer a a eaky oganzedare

of~~~~~~~~~ covcini h otenAdmnSa ntali a soitdv'iA odbn fmnonlcodns
whic e~endd fom te suthrn ndiaeaswar tothecental ndaan ea. Tirt mntin ofthesusectare

occurred ~ ~ ~ 1 onteSqzEatToia ete dioy(80~~T)a 080.Sas yotcdt mte

* aigat 3-06B- . TropicalCyclone 06 eahedeto a ekitenitaey on 50 N(26m/ec)as t 121800Z (sgiee av

imagonec)ias i tred northetAdma Seour fios ater it made andfcatead roady weand whif mona clinsth
*~ whc 11as tende o thet mutns aonthe coda ast ar the fina wa rni w aas i Suea is eto of0 the.9 sus.pe c r aA

icsa Toiayin omto lr wsise t122Z(e bv imagery) orwdb h is
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TROPICAL CYCLONE 07A

-44

.. v.

-Oft

of December since 1980. it asomarkfthe first time since 1979 that seven siqsfi cant tricacyneshameoccurd
in the N-fgrt/ Indian Ocean. 'Tropica(Cyclone 07A initiaffy devefoedas an e oed(ow-kve~cirrufation on December
2nd it skow(y intenssfied reaching an intensity of 30 kp (15 n~sec) shorty before making (andfa(( on the southeast

S

coast of India at 041900Z, 150 nm (278 km) southi of the city of Mdadras. NpL warnings were issued on tis tropical
depression in the Bay of' Bengaf, however it was mentioned on the 04180OZ Significant Tropical Weather A~dvisory
(ABMO Tq'TW) as having poor potential to develop into a swntficant tropical cydone due to its proximity to (and

< Synoptic data indicated the diisturbance maintained its identity as it trackrd across the southern tip of India~ once

WN

. the s Astem movedout over water it reintensifiedin the Arabian Sea, ytlc issued TropiCa(Cyc(ne Formation Atert
. Dceeat 080930Z. sine first warning foffo rd a tew hours later at 08120sZ, withi wind of 35 kpi (18 sec) based on a

sateffte intensity analyss (Dtvorak 1984). A maxmum intensity of 45 kt (23 mlsec) was reached at 10120OZprior to
"Topical Cycone 07A recurving northward through a break in the subtropical ridge. it then headd toward the
wes tern coast of inia where increasing vertical wind shear on the 11sty weakened Tropical Cydone 07A before it

made lnda at 120000Z, 90 nm (167 kin)south ofBombay. tcy p reports ofr extensive damage or (oss of if were
N. received The above stoed data Mosaic shows the system just prior to reaching maximum intensity (100202Z

lDlecember !DN5(S visuadimagenfl.
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'[ROPICAL, (YCI ONE 0811

RANGOI
PP*0

KAGO
- <.re)U~'I roia ic~e 8 a tercod.etigei/ti infiattopcl c/ on odc'/upi h

at- 17000 z'Trpitecame appren thesye was in creaing inhthe amgnfiunt tofia cnctionet deeo in naton
S c fi i e 1 'anly in hrk 194 esimte 2nd tft (1 secn syindn aoocri eebr t hea srace raity t a ime. 'theofirst

inten~~~~'it!/~ esimt rerel t1 ~e) troiahce 08' waspiitalyoecB as nto mo e i/d nar te fi ras
* Inai and imt ukhn) 48eos howeer theaa systfoedrmtclynth t. It chne corea

1900002 and headed tow7iiarth orthl 'east.herIV dissued aBI final andwscafeing a 9002we tape the tper
* and 1""' intoea cegnter phad econe s ed by stronq verticallshear.ircueationoevideot-fevehecirculationacenter

mantieit idpentty duin )ather Asqun 24-opeiod aclnd Fre-cvfpet etrlcnetion.lr (TI~a squeteond 'ii'JI

was~~f~ its becrd atarn the-'02 astmwsinrag' the remnants of Tropical Cynn 0S'B tr'kdnrhatwr n mrvn organizat*ion.
*a I~ efir t hnerzt arn n seeissuDoe, d4)esimted2 sev ra 3 sat le wint it esiat e suj e of 35a ti (8 me.o the firt

w earns .rl1,11~ T eied t he Clinensity avsLathors ber warnng it eriap a cntr de sed todveloptan fer. n th
I . the trop . ica e, i e eqan kto weke ndoped uy~neetdy 0Back ntowayfrteIan sorubntinnt seabovea-rk

* ~ ~ Ilh i ari it d e ae! fall n t8he 2rd ounv e the sinyost1 slnm (36k ot ffdramaicll on nil 8th It § rne ors of
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CHAPTER IV - SUMMARY OF SOUTH PACIFIC AND
SOUTH INDIAN OCEAN TROPICAL CYCLONES

1. GENERAL

The JTWC area of responsibility numbering for all South Pacific and South
(AOR) was expanded on 1 October 1980 -- to Indian Ocean significant tropical cyclones. The
include the southern hemisphere from 180 current convention (as stated in USCINC-
degrees Longitude westward to the east coast of PACINST 3140.1 (series)) for labelling tropical
Africa. Details on tropical cyclones in this cyclones that develop in the South Indian Ocean
region for July 1980 to June 1982 are contained (west of 135 degrees East Longitude) is to add
in Diercks et al, (1982). For the July 1982 the suffix "S" to the assigned tropical cyclone
through June 1984 period, reference the number, while those originating in the South
NOCC/JTWC TECH NOTE 86-1. As in earlier Pacific Ocean (east of 135 degrees East
reports, data on tropical cyclones forming in, or Longitude) receive a "P" suffix. The "P" suffix
moving into, the South Pacific Ocean east of also applies to significant tropical cyclones
180 degrees Longitude, which is the Naval which form east of 180 degrees Longitude in
Western Oceanography Center's (NAVWEST- the South Pacific Ocean. Also, it should be
OCEANCEN) AOR, are included for noted that to encompass the southern
completeness. JTWC provides the sequential 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) 994
02P OSEA 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) 953
05P SALLY 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 5 8 75 (39) 967
09S ALININA* 22 JAN - 23 JAN 2 4 65 (33) 976
10S CONNIE 17 JAN - 20 JAN 4 6 55 (28) 984
11P IRMA 19 JAN - 20 JAN 2 3 30 (15) 1000
12S DAMIEN 01 FEB - 05 FEB 5 9 50 (26) 987
13P 04 FEB - 05 FEB 2 4 40 (21) 994
14? UMA 05 FEB - 09 FEB 5 9 80 (41) 963
15P JASON 07 FEB - 13 FEB 7 13 65 (33) 976
16P VELI 08 FEB - 09 FEB 2 3 30 (15) 1010
17S CLOTILDA 11 FEB - 16 FEB 6 11 50 (26) 987
18S ELSIE 22 FEB - 25 FEB 4 7 60 (31) 980
19P 28 FEB - 01 MAR 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 65 (33) 976
23P KAY 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) 99:
27P BLANCHE 22 MAY - 25 MAY 4 7 55 (28) 984
28S 25 JUN - 27 JUN 3 5 35 (i8) 99;

40 1987 TOTALS: 94 245

* REGENERATED

* OVERLAPPING DAYS INCLUDED ONLY ONCE IN SUM.

NOTE: NAMES OF CYCONES GIVEN BY REGIONAL WARNING CENTERS (NANDI, BRISBANE, DARW:N,
PERTH AND MAURITIUS) AND ARE APPENDED TO JTWC WARNINGS, WHEN AVAILABLE.
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TABLE 4-2.

FREQUENCY OF CYCLONES BY MONTH AND YEAR

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

(:9;9 - 1978)
AVERAGE" - - - 0.4 1.5 3.6 6.1 5.8 4.7 2.1 0.5 - 24.7

980 0 0 1 3 2 6 5 3 3 10 24
:921 0 0 11 3 9 4 2 3 1 0 25

:93 0 0 11 3 5 6 3 5 0 0 25
:941 0 0 1 2 5 5 10 4 2 0 0 30

185 0. 0 0 0 1 7 9 9 6 3 0 0 35
1938 0 0 1 0 1 1 9 9 6 4 2 0 33
:98-7 0 1 0 0 1 3 6 8 3 4 1 1 28

AV ERAG E 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

ASS3 1 1 4 10 24 49 51 27 24 5 1 200

occurs from January through April, the limits of convention of labelling 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

'Atropical cyclone year is from 1 July 1986 to 30 seasonal activity from May through December.)
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

(15 17)(105 E WESTWARD) (105 E - 165 E) (165 E EASTWARD)

AAVERAGE* 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 141563
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)

158

0
.' I P6

% ~ ~ ~ #2J;:yyy: ~ *"~Z~.y
%A' A'



,.% .o.

TABLE 4-4. MAXIMUM SUSTAINED SURFACE WINDS VERSUS MINIMUM SEA-LEVE
PRESSURE (ATKINSON AND HOLLIDAY, 1977)

MAXIMUM SUSTAINED EQUIVALENT MINIMUM
-SURFACE 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 . . . . . . . . . . . .. . . . . . . . . . 4
95................................................... 948

100..................................................9438
110.................................................. 938
110.................................................. 933
11520 ................................................ 927
120.................................................. 922
12530 ................................................ 916
130..................................................9104
13540 ................................................ 94
140.................................................. 898
15................................................... 892

- ~150.................................................. 885
15560 ................................................ 879
160.................................................. 872

170.................................................. 858

a__
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2. SOUTH PACIFIC AND SOUTH INDIAN OCEAN TROPICAL CYCLONES

The 1987 year (1 July 1986 through 30
June 1987) was active, with 28 significant Caveat: Intensity estimates for
tropical cyclones (see Table 4-1) reaching southern hemisphere tropical cyclones are
warning status. This did not exceed the total of derived primarily from satellite imagery
33 tropical cyclones for 1986 (1 July 1985 - 30 evaluation (Dvorak, 1984) and from intensity

A June 1986). Eleven tropical cyclones occurred estimates reported by other regional centers.
in the South Pacific, east of 165 degrees East Only, in extremely rare instances are the
Longitude, which is about twice the long-term intensity estimates based on surface
mean. The Australian area (105 to 165 degrees observation~al data. Estimates of the minimum
East Longitude) accounted for eight tropical sea-level pressure are usually derived from the
cyclones compared to the climatological mean Atkinson and Holliday (1977) relationship
of 10.3 - two less than normal. Nine tropical between the maximum sustained one-minute
cyclones developed in the South Indian Ocean, surface wind and the minimum sea-level
which is about one more than the long-term pressure (Table 4-4). This relationship has been
mean of 8.4 cyclones (see Tables 4-2 and 4-3). shown to be representative for tropical cyclones
Meteorological satellite surveillance of tropical in the western North Pacific and is also used by
cyclones has been updating climatologies since the Australian regional warning centers to
the early 1960s. (This meteorological watch provide intensity estimates. However, since

* from space detects tropical cyclones that might these pressure estimates are usually based on
have previously gone undetected over the con- wind intensities that were derived from
ventional data sparse oceanic areas.) Thus, interpretation of satellite imagery, considerable

-. tropical cyclone climatologies should continue caution should be exercised when using these
to benefit from increased surveillance from resultant pressure values in future tropical
space in some areas, for example, the South cyclone work.
Indian Ocean.
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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 Best Track
positions at the same valid times. The (scalar) Forecast
forecast, along-track and cross-track errors Tangent to Position
(illustrated in Figure 5-1) were then calculated Best Track
for each tropical cyclone and are presented in
Tables 5-A, 5-lB, 5-1C and 5-1D. Figures 5-
2A through 5-2C provide, respectively, the Verifiying

frequency distributions of forecast errors in 30 Position

nm increments for 24-, 48-, and 72-hour ATE
forecasts of all 1987 tropical cyclones in the
western North Pacific. A summation of the
mean forecast errors, as calculated for all
tropical cyclones in each year, is shown in
Table 5-2A. Table 5-2B includes along-track Figure 5-1. Definition of cross-track
and cross-track errors for 1987. A comparison error (XTE), afong-track error (ATE),
of the annual mean forecast errors for all andforecast trackerror (FPE). In this
tropical cyclones as compared to those tropical example, the XTE is positive (to the
cyclones that reached typhoon intensity can be right of the Best Track) and the ATE is

S' .'- seen in Table 5-3. The mean forecast errors for
1987 as compared to the ten previous years are negative (behind or slower than the Best

- graphed in Figure 5-3. Track)..

24-Hour Error (nm) FORECAST ERO (NM)

300-329 MEAN: 107
270-299
240-269 MEDIAN: 106
210-239

2 180-209 STANDARD
- 150-179 DEVIATION: 60
"2 120-149

90-119
0 _ _ __ _CASES: 563

30-59 F!t~ure 5-2A. Frequency distribution
0-29 of the 24-hour forecast errors in 30 nm

- - 0 20 40 60 80 100 120 140 (56 km) increments for aff significant
€.... Num er ofFore aststropical cyclones in the w estern N rt

Number of Forecasts t~c~g(f~ftet~f~Jl~
!Pacific during 1987.
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48-Hour Error (nm) FORECAST ERRORS (NM)

570-599 .48-HOUR
540-569 MEAN: 204
510-539
480-509
450-479
420-449 MEDIAN: 202
390-419

5 360-389330-359 STANDARD
330-329 DEVIATION: i11
270-299

S 240-269
4 210-239
z 180-209 CASES: 465

150-179
120-149 MFigure 5-2B. Frequency distribution
90-119

60-89 of the 48-hour forecast errors in 30 nm
30-59 (56 km) increments for all significant
0-29

0 40 6 tropical cyclones in the western Ngrth0 20 4'0 6'0 86

Number of Forecasts Pacific during 1987.

72-Hour Error (nm)

990-1019

9800893 893FORECAST.ERRORS (NMI
900-9294-
810-839 MEAN: 303

720-749
690-719 MEDIAN: 299
660-689
630-659
600-629 STANDARD
510-539 DEVIATION: 171

; 
__4-509

I 420-449
390:419 CASES: 389

* 360-389z
270-299 Fure 5-2C. Frequency distribution of
240-269
210-239 the 72-fwur forecast errors in 30 nm
1_ 1_-_ (56 km) increments for aff significant
120-149 tropical cycones in the western North

30-59 Pacific during 1987.
0-29v~~~ 0-2 Im .... ,.....,...... I .........1r1

0 10 20 30 40

Number of Forecasts
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TABLE 5-1A. INITIAL POSITION ERROR SUMMARY FOR
THE WESTERN NORTH PACIFIC OCEAN

SIGNIFICANT TROPICAL CYCLONES OF 1987
(ERRORS IN NM)

NUMER
rOF

TROPICAL CYCLONE ERROR WARNINGS

(01W) TY ORCHID 17 23
(02W) TS PERCY 19 9

*5* (03W) TS RUTH 13 5
(04W) TY SPERRY 16 17

"a (05W) STY THELMA 18 33
(06W) TY VERNON 33 21
(07W) TY WYNNE 15 39
(08W) TY ALEX 15 22
(09W) STY BETTY 7 31
(loW) TY CARY 15 39
(11W) STY DINAH 19 41
( 12W) TS ED 33 11
(13W) TY FREDA 16 50
(14W) TY GERALD 20 24
(15W) STY HOLLY 23 43
(16W) TY IAN 14 33
(17W) TD 17W 21 7
(02C) TY PEKE 19 23

a18W) TS JUNE 33 9
a (19W) TY KELLY 16 27

(20W) STY LYNN 17 44
(21W) TS MAURY 27 29
(22W) STY NINA 17 39
(23W) TS OGDEN 26 4
(24W) TY PHYLLIS 16 34

- MEAN 18 TOTAL 657*

* DOES NOT INCLUDE DISSIPATED OR EXTRATROPICAL WARNINGS.

TABLE 5-1B. 24-HOUR FORECAST ERROR SUMMARY FOR
THE WESTERN NORTH PACIFIC OCEAN

SIGNIFICANT TROPICAL CYCLONES OF 198 7
(ERRORS IN NM)

ALONG-TRACK CROSS-TRACK NUMBER
5 FORECAST ERROR ERROR OF

TROPICAL CYCLONE ERROR ABS MAG BIAS ABS MAG BIAS WARNINGS

( 01W) TY ORCHID 41 72 -47 46 5 19
(02W) TS PERCY 69 47 * 37 * 8
(03W) TS RUTH 141 133 * 46 3
(04W) TY SPERRY 119 107 -85 41 30 15
(05W) STY THELMA 146 93 -77 92 50 31
(06W) TY VERNON 119 72 1 79 -48 18
(07W) TY WYNNE 107 69 -66 69 -39 36
(08W) TY ALEX 11 47 -19 90 -45 20
(09W) STY BETTY 91 57 -43 59 49 30

: (loW) TY CARY 93 66 7 51 36 36

(11W) STY DINAH 96 63 -21 59 17 38
% (12W) TS ED 120 55 * 97 * 10

(13W) TY FREDA 81 49 0 54 -29 47
( 14W) TY GERALD 97 51 -31 69 -37 20
(15W) STY HOLLY 122 56 -5 100 -61 34
(16W) TY IAN 82 66 5 39 -32 27
(17W) TD 17W 81 66 * 30 * 3
(' 02C) TY PEKE 145 117 -105 71 -72 18
(18W) TS JUNE 65 130 * 90 * 2
(19W) TY KELLY 110 75 -22 68 -38 25
(20W) STY LYNN 89 59 -4 58 -7 41
(21W) TS MAURY 107 45 29 89 -5 19
(22W) STY NINA 138 121 -105 46 0 36
(23W) TS OGDEN 99 38 * 91 * 2
(24W) TY PHYLLIS 129 80 16 86 10 2 5

TOTALS 107 71 -30 64 -8 56 3

Indiates too few cases (< 10) to comrpute the median error (BIAS)
ABS MAG - Absolute Mgniude. BIAS l the medan (middle value) of the sanple. Specifis on along-track and cross-track error components follows:
I. The Along-Track error corponert is a measure of how far a warning position was displaced left or riht of the best track position. The sample consists of two pans: the absolute
magnitude (distance) and the biaa (negative values (inus sign) were left of track and positive values (plus sign) were right of track).

2. The Cross-Track error wrrponent I a measure of how far the warning position was displaced ahead or behind the best track position. The sample consists of two pans: The absolute
magniude (distance and the Was (negative volues (minus sign) were behind or slow and positive values (plus sign) were ahead or fast).
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TABLE 5-iC. 48-HOUR FORECAST ERROR SUMMARY FOR
THE WESTERN NORTH PACIFIC OCEAN

* SIGNIFICANT TROPICAL CYCLONES OF 19 87
(ERRORS IN NM)

ALONG-TRACK CROSS-TRACK NUMBER
FORECAST ERROR ERROR OF

TROPICAL CYCLONE ERROR ABS MAG BIAS ABS MAG BIAS WARNINGS

(01W) TY ORCHID 158 116 -69 94 13 15
(02W) TS PERCY 116 110 * 18 4 4
(03W) TS RUTH --- --- --- --- --- 0

(04W) TY SPERRY 242 197 -201 122 119 12
(05W) STY THELMA 311 240 -179 160 73 28
(06W) TY VERNON 180 107 -6 130 -98 14
(07W) TY WYNNE 218 153 -156 124 -30 30
(08W) TY ALEX 204 129 -129 143 -120 16
(09W) STY BETTY 197 99 -95 147 144 26
(loW) TY CARY 163 102 6 106 99 33
(11W) STY DINAH 172 126 -23 98 19 34
(12W) TS ED 219 181 * 78 * 6
(13W) TY FREDA 181 84 -10 150 -99 42
(14W) TY GERALD 163 82 -47 121 -15 18
(15W) STY HOLLY 275 128 0 229 -202 33
(16W) TY IAN 201 164 69 83 -58 23
(17W) TD 17W --- --- --- --- --- 0
(02C) TY PEKE 310 271 -275 126 -93 11
(18W) TS JUNE 66 53 * 31 * 2
(19W) TY KELLY 183 138 -60 99 -43 21
(20W) STY LYNN 184 127 -3 117 -18 39

* (21W) TS MAURY 162 86 70 123 26 13
(22W) STY NINA 235 181 -164 94 55 32
(23W) TS OGDEN --- --- --- --- --- 0
(24W) TY PHYLLIS 171 104 35 110 8 1 3

TOTALS 204 134 -58 127 -12 46 5

TABLE 5-1D. 72-HOUR FORECAST ERROR SUMMARY FOR
THE WESTERN NORTH PACIFIC OCEAN

SIGNIFICANT TROPICAL CYCLONES OF 198 7
(ERRORS IN NM)

ALONG-TRACK CROSS-TRACK NUMBER
FORECAS'. ERROR ERROR OF

TROPICAL CYCLONE ERROR ABS MAG BIAS ABS MAG BIAS WARNINGS

(01W) TY ORCHID 234 150 -100 143 79 11
(02W) TS PERCY 206 167 * 53 * 4
( 03W) TS RUTH --- --- --- --- 0
(04W) TY SPERRY 421 325 * 258 * 9
(., 05W) STY THELMA 479 419 -270 174 90 24
(06W) TY VERNON 224 133 * 145 * 10
(07W) TY WYNNE 332 228 -207 198 -86 30

-.- (08W) TY ALEX 330 254 -245 182 -97 12
(09W) STY BETTY 257 176 -178 165 136 17
(loW) TY CARY 248 75 2 222 218 28
(11W) STY DINAH 222 154 -6 123 3 30
(12W) TS ED 278 238 * 115 * 5
(13W) TY FREDA 327 177 6 222 -190 34
(14W) TY GERALD 193 135 -31 129 57 14
(15W) STY HOLLY 455 240 -35 342 -299 31
(16W) TY IAN 344 252 122 191 -52 21
(17W) TD 17W ..--- --- --- 0
(02C) TY PEKE 247 181 * 148 * 5
(18W) TS JUNE 264 167 * 205 * 1
(19W) TY KELLY 289 216 -159 134 -39 17
(20W) STY LYNN 298 191 27 192 -18 31
(21W) TS MAURY 183 102 101 140 47 12
(22W) STY NINA 279 196 -191 151 93 30
(23W) TS OGDEN --- --- --- --- 0
(24W) TY PHYLLIS 196 164 24 76 64 1 3

TOTALS 303 198 -78 186 -13 38 9
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TABLE 5-2A. ANNUAL MEAN FORECAST ERRORS FOR THE WESTERN NORTH PACIFI C

24-HOUR 48-HOUR 72-HOUR
YEAR FORECAST RIGHT ANGLE FORECAST RIGHT ANGLE FORECAST RIGHT ANGLE

1971 ill 64 212 118 317 117
1972 117 72 245 146 381 210

41 1973 108 74 197 134 253 162
1974 120 78 226 157 348 245
1975 138 84 288 181 450 290
1976 117 71 230 132 338 202
1977 148 83 283 157 407 228
1978 127 75 271 179 410 297
1979 124 77 226 151 316 223
1980 126 79 243 164 389 287
1981* 123 75 220 119 334 168
1982* 113 67 237 139 341 206
1983* 117 72 259 152 405 237
1984* 117 66 233 137 363 231
1985* 117 66 231 134 367 214
1986 121 ** 261 ** 394 **
1987 107 ** 204 ** 303 **

* THE TECHNIQUE FOR CALCULATING RIGHT-ANGLE ERROR WAS REVISED IN 198 1;

THEREFORE, A DIRECT CORRELATION IN RIGHT-ANGLE STATISTICS CANNOT B E
-. 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-TRACK ERROR).

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

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

ALONG-TRACK CROSS-TRACK
FORECAST ERROR ERROR

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. ANNUAL MEAN FORECAST ERRORS FOR THE WESTERN NORTH PACIFIC
(ERRORS ARE IN NAUTICAL MILES)

24-HOUR 48-HOUR 72-HOUR
YEAR ALL TYPHOON' ALL TYPHOON' ALL TYPHOON'

1950-1958 170
1959 117.. 267"

1960 177" 354"
1961 136 274
1962 144 287 476
1963 127 246 374
1964 133 284 429

1965 151 303 418
1966 136 280 432
1967 125 276 414
1968 105 229 337
1969 Iil 237 349

1970 104 98 190 181 279 272
1971 ill 99 212 203 317 308
1972 117 116 245 245 381 382
1973 108 102 197 193 253 245
1974 120 114 226 218 348 357

1975 138 129 288 279 450 442
1976 117 117 230 232 338 336
1977 148 140 283 266 407 390
1978 127 120 271 241 410 459
1979 124 113 226 219 316 319

1980 126 116 243 221 389 362
1981 123 117 220 215 334 342
1982 113 114 237 229 341 337
1983 117 110 259 247 405 384
1984 117 110 233 228 363 361

1985 117 112 231 228 367 355
1986 121 117 261 261 394 403
1987 107 101 204 211 303 318

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

-I FORECAST POSITIONS NORTH OF 35 DEGREES NORTH LATITUDE WERE NOT
VERIFIED.

WESTERN NORTH PACIFIC
FORECAST 1RC EWO:15

500

72 howa
400-

0 303

200 204

1976 1176 1910 1162 1164 1866 1966

gFiure 5-3. Annual mean forecast errors (in nm) for aff
sinicant tropcahydones in the western 168rth 1ac:P
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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 were evaluated for 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 SUMMARY FOR THE NORTH INDIAN OCEAN

SIGNIFICANT TROPICAL CYCLONES (ERRORS IN NM)

INITIAL POSITION
TROPICAL NUMBER OF
CYCLONES ERROR WARNINGS
TC 01B 23 11
TC 02B 33 12
TC 03A 62 18
TC 04B 12 3
TC 05B 31 14
TC 06B 16 4
TC 07A 38 14
TC 08B 123 5

MEAN 42 TOTAL 83

24-HOUR FORECASTS

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

ABS SAG BIAS ABS MAG BIAS
TC 01B 77 42 55
TC 02B 166 122 107

TC 03A 165 103 -95 116 -117
TC 04B --- ---
TC 05B 193 121 136
TC 06B 113 58 97
TC 07A 119 83 -84 5 -64
TC 08B 192 101 - 146 *

MEAN 144 91 -71 100 -50

48-HOUR FORECASTS

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

ABS MAG BIAS ABS SAG BIAS
TC 01B 90 26 55
TC 025 72 37 52
TC 03A 183 106 57 124 -67
TC 04B --- ----
TC 05B 541 481 249
TC 068 --- ---
TC 07A 307 202 210
TC 08B --- ---

MEAN 205 125 -50 140 -91

72-HOUR FORECASTS

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

ABS MAC BIAS ABS MAG BIAS
TC 01: 254 165 192
TC 02B 72 63 36

TC 03A 208 144 -139 118
TC 04: ---........
TC 05B 872 526 698
TC 06B --- ---
TC 07A 421 335 243
TC 08B --- ---.....

MEAN 305 219 -219 188 -63

IF THERE WERE TEN O LEsS CASES. Ts, STATISTICAL PARAAmTER BIAS WAS
NOT COMPUTED, THOUGH EACH STATISTIC WAS INCLUDED IN THE FINAL TOTAL.
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ON TABLE 5-5A. ANNUAL MEAN FORECAST ERRORS FOR THE NORTH INDIAN OCEAN

24-HOUR 48-HOUR 72-HOUR
YEAR FORECAST RIGHT ANGLE FORECAST RIGHT ANGLE FORECAST RIGHT ANGLE

% 1971" 232 -- 410 ---

1972- 224 101 292 112
1973: 182 99 299 160
1974 137 81 238 146 ---

1975 145 99 228 144
1976 138 108 204 159
1977 122 94 292 214

-. P 1978 133 86 202 128

1979 151 99 270 202 437 371

1980 115 73 93 87 167 126
1981* 109 65 176 103 197 73
1982- 138 66 368 175 762 404

-. 1983-* 117 46 153 67
. 1984"* 154 71 274 127 388 159

1985* 123 51 242 109

1986 134 168 269
1987 144 205 305

* THE WESTERN BAY OF BENGAL AND ARABIAN SEA WERE NOT INCLUDED IN THE
JTWC AREA OF RESPONSIBILTY UNTILL THE 1975 TROPICAL CYCLONE SEASON

THE TECHNIQUE FOR CALCULATING RIGHT-ANGLE ERROR WAS REVISED IN 198 1;

N THEREFORE, A DIRECT CORRELATION IN RIGHT-ANGLE STATISTICS CANNOT BE
'p 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-TRACK ERROR)

TABLE 5-SB. 1987 MEAN FORECAST, ALONG-TRACK AND CROSS-TRACK ERRORS

FOR THE NORTH INDIAN OCEAN (ERRORS IN NM).

ALONG-TRACK CROSS-TRACK
FORECAST ERROR ERROR

TIMES: ERROR ABS MAG BIAS ABS MAG BIAS

24-HOUR 144 91 -71 100 -50

48-HOUR 205 125 -50 140 -91

72-HOUR 305 219 -219 18 -63

NORTH MAN OCEAN

72 M

200 20S

176 1676 ion6 1662 1"4 item 616

suFe 5-4. Annual mean forecast erroms (in nm) for all trpica cycones in the 9rth Ineaan Ocean.
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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 ground- Forecast errors are plotted in Figure 5-5.

TABLE 5-6. 1987 FORECAST ERROR SUMMARY FOR THE SOUTH PACIFIC AND SOUTH INDIAN OCEAN
SIGNIFICANT TROPICAL CYCLONES (ERRORS IN NM)

24-HOURS 48-HOURS
TROPICAL NO OF INITIAL NO OF FCST ALONG-TRACK CROSS-TRACK NO OF FCST ALONG-TRACK CROSS-TRACK
CYCLONE WRNGS POS ER WRNGS ERROR ABS MAG BIAS ABS MAG BIAS WRNGS ERROR ABS MAG BIAS ABS MAG BIAS

TC O1S 4 25 3 90 56 57 * 1 196 49 ** 190
TC 02P OSEA 6 33 4 141 125 61 2 292 248 " 145
TC 03P PATSY 6 42 4 160 67 " 135 2 340 141 296
TC 04P RAJA 18 35 16 171 117 -99 114 0 14 333 259 -177 176 21
TC 05P SALLY 16 41 14 139 62 -39 106 53 11 281 248 -129 97 -24
TC 06S 5 38 4 203 119 155 * 4 365 105 ' 339
TC 07S 5 24 3 119 73 * 80 * 2 194 133 * 138 *
TC 08P TUSI 9 25 7 104 45 86 * 5 254 75 * 236 '

TC 09S ALININA 12 37 8 188 124 il l 5 422 220 * 331
TC 10S CONNIE 6 15 5 92 34 80 4 201 58 183
TC 11P IRMA 3 13 1 17 12 12 ' 0 ---

TC 12S DAMIEN 9 35 7 138 62 ill 5 135 118 * 49 **

TC 13P 3 36 2 139 53 ** 125 " 0 ---
TC 14P UMA 8 347 6 101 77 55 4 256 199 115
TC 15P JASON 12 27 8 120 109 " 35 2 369 344 * 129
TC 16P VELI 3 67 1 424 422 " 44 " 0 ---
TC 17S CLOTILDA 10 51 7 109 61 * 86 " 6 227 151 154
TC 18S 7 11 6 147 76 ** 120 * 4 369 140 304
TC 19P 3 5 1 332 325 ** 69 * 0 ---
TC 20P WINI 9 47 6 146 122 66 * 4 286 220 ** 146
TC 21S DAODO 25 47 20 188 110 -86 136 -14 18 307 182 -38 204 0
TC 22P YALI 7 50 5 96 81 * 42 - 3 212 89 192
TC 23P KAY 17 25 12 90 50 -6 63 -24 12 166 105 1 113 -82
TC 24S 8 35 6 209 150 *- 112 4 519 446 174
TC 25? ZUMAN 7 49 5 136 86 " 84 " 4 273 200 163
TC 26S 5 47 3 161 147 *U 54 * 1 344 341 46
TC 272 BLANCHE 7 22 5 93 70 * 48 " 5 138 106 77
TC 28S 5 56 3 194 106 " 132 * 1 450 374 * 250

TOTALS 235 46 172 145 94 -57 90 13 123 280 195 -102 161 6

** THE STATISTICAL PARAMETER BIAS DOES NOT COMPUTE FOR INSTANCES OF TEN CASES, OR LESS.-

TABLE 5-7A. ANNUAL MEAN FORECAST ERRORS FOR THE SOUTHERN HEMISPHERE

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

1981 165 119 315 216
1982 144 91 274 174

1983 154 84 288 150
1984 133 73 231 124
1985 138 78 242 133
1986 133 268
1987 145 280
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TABLE 5-7B. 1987 MEAN FORECAST, ALONG-TRACK AND CROSS-TRACK ERRORS

FOR THE SOUTHERN FEMISPHERE (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

SOUTH PACIFIC AND SOUTH INDIAN OCEAN
FORECAST TRACK EJ8I

48 HR

300

.. ,=,280

z

- 2-i

24 HR

1145

M' 1a- I I

1980 1982 1984 1986 1988

YEARS

Figure 5-5. Annual mean forecast errors (in nm) for all tropical
cyclones in the South Pacific andSouth Indian Oceans.

172

%>' % ~ % * % %p- ,, %- % % %~ 'S
iS JS0.



2. COMPARISON OF OBJECTIVE TECHNIQUES

a. General b. Description of Objective Techniques

Sdv Objective techniques used by JTWC are (1). XTRP -- Forecast positions for
divided into five main categories: 24- and 48-hours are derived from the extension

of a straight line which connects the most recent
(1) extrapolation; and 12-hour old preliminary best track

-'S. positions.
(2) climatological and analog

techniques; (2). CLIM -- A climatological aid
providing 24-, 48-, and 72-hour tropical cyclone

(3) model output statistics; forecast positions (and intensity changes in the
western North Pacific) based upon the position

U. (4) dynamic models; and of the tropical cyclone. The output is based
upon data records from 1945 to 1981 for the

(5) empirical and analytical western North Pacific Ocean and 1900 to 1981
Y. techniques; for the North Indian Ocean.

In September 1981, JTWC began to (3). HPAC -- Forecast positions are
initialize its array of objective forecast generated from a blend of climatology and
techniques (described below) on the six-hour persistence. The 24-, 48- and 72-hour positions

* old preliminary best track position (an are equally weighted between climatology and
interpolative process) rather than the forecast persistence. Persistence is a straight line
(partially extrapolated) warning position, e.g. extension of a line connecting the current and
the 0600Z warning is now supported by 12-hour old positions. Climatology is based on

- objective techniques developed from the OOOOZ data from 1945 to 1981 for the western North
preliminary best track position. This operational Pacific Ocean and 1900 to 1981 for the North
change has yielded several advantages: Indian Ocean.

*Techniques can now be requested (4). TYAN -- An updated analog
much earlier in the warning development time program which combines the earlier versions
line, i.e. as soon as the track can be TYFN 75 and INJAN 74. The program scans a
approximated by one or more fix positions after 30-year climatology with a similar history
the valid time of the previous warning; (within a specified acceptance envelope) to the

. current tropical cyclone. For the western North
*Receipt of these techniques is virtually Pacific Ocean, three forecasts of position and

assured prior to the development of the next intensity are provided for 24-, 48-, and 72-
warning; and hours: RECR - a weighted mean of all tropical

cyclones which were categorized as "recurving"
Ti *Improved (mean) forecast accuracy. during their best track period; STRA - a
This latter aspect arises because JTWC now has weighted mean of all accepted tropical cyclones
more reliable approximation of the short-term which were categorized as moving "straight"
tropical cyclone movement. Further, since most (westward) during their best track period:
of the objective techniques are biased towards TOTL - a weighted mean of all accepted
persistence, this new procedure optimizes their tropical cyclones, including those used in the
performance and provides more consistent RECR and STRA forecast. For the North
guidance on short-term movement, indirectly Indian Ocean, a single (total) forecast track is
yielding a more accurate initial position provided for the 12-hour intervals to 72-hours.
estimate as well as lowering 24-hour forecast
errors.
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(5). COSMOS -- A model output regression technique based on climatology,
statistics (MOS) routine based on the current intensity, position and past movement.
geostrophic steering at the 850-, 700-, and 500- This technique is used as a crude measure of
mb leveis. The steering is derived from the real forecast skill when verifying forecast
HATTRACK point advection model run on accuracy.
Global prognostic fields from the FLENUM-
OCEANCEN's NOGAPS prediction system. (10). THETA-E -- An empirically
The MOS forecast is then blended with the 6- derived relationship between a tropical
hour past movement to generate the forecast cyclone's minimum sea-level pressure (MSLP)
track. and 700 mb equivalent potential temperature

(. o a StU ei(Theta-E) was developed by Sikora (1976) and
(6). Colorado State University Dunnavan (1981). By monitoring MSLP and

Model (CSUM) -- A statistical method trends, the forecaster can evaluate the potential
developed Matsumoto (1984) utilizes synoptic for sudden, rapid deepening of a tropical
and persistence predictors by discretizing the cyclone.
forecast timeframe into three 24-hour time
steps. Climatology is incorporated into the (11). WIND RADIUS -- Following
forecast via a stratification scheme based on the an analytical model of the radial profiles of sea-
position of the tropical cyclone relative to the level pressures and winds in mature tropical
500 mb subtropical ridge. Three sets of cyclones (Holland, 1980), a set of radii for 30-,
regression equations are used to determine the 50-, and 100-knot winds based on the tropical

* north-south and east-west displacements cyclone's maximum winds have been produced
depending on whether the tropical cyclone is to aid the forecaster in determining forecast
south, on or north relative to the ridge. wind radii.

(7). One-way Interactive Tropical (12). DVORAK -- An estimation of
Cyclone Model (OTCM) -- A coarse-mesh, tropical cyclone's current and 24-hour forecast
three-layer in the vertical, primitive equation intensity is made from interpolation of satellite

r model with a 205km grid spacing over a 6400 x imagery (DVORAK, 1984) and provided to the
4700 km domain. The model's fields are forecaster. These intensity estimates are used in
computed around a bogused, digitized cyclone conjunction with other intensity-related data and
vortex using FLENUMOCEANCEN's'Numer- trends to forecast tropical cyclone intensity.
ical Variational Analysis (NVA) or NOGAPS
prognostic fields for the specified valid time. JTWC uses HPAC, TAPT, TYAN78,
The past motion of the tropical cyclone is COSMOS, OTCM and CSUM operationally to
compared to initial steering fields and a bias develop track forecasts.
correction is computed and applied to the, model. FLENUMOCEANCEN's NOGAPS c. Testing and Results
global prognostic fields are used at 12-hour
intervals to update the model's boundaries. The A comparison of selected techniques is
resultant forecast positions are derived by included in Table 5-8 for all western North
locating the 850 mb vortex at six-hour intervals Pacific tropical cyclones, Table 5-9 for all
to 72-hours. North Indian Ocean tropical cyclones. In these

tables, " x-axis " refers to techniques listed ver-
(8). TAPT -- An empirical tically. For example (Table 5-8) in the 507technique which utilizes upper-tropospheric cases available for a (homogeneous) com-

wind fields to estimate acceleration associated parison, the average forecast error at 24-hours
with the tropical cyclone's interaction with the was 118 nm (219 km) for TOTL and 120 nm
mid-latitude westerlies. It includes guidelines (222 km) for RECR. The difference of 2 nm (4
for the duration of acceleration, upper-limits, kin) is shown in the lower right. (Differences
and probable path of the cyclone, are not always exact, due to computational

round-off which occurs for each of the cases
(9). CLIPER -- A statistical available for comparison).
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TAILZS -9 1967 CACK STATISTIca roa ORL8CTWD OSJCCTXV9 TSCUNIQUZS IN THE WEITVAN WORTH PACIFIC OCEIAN

24-KOUR M4EAN rORZCAST ERROR (WHIS

3T14C CLIP OTCN CSIS RCK TOTL Cox"E HPAC CLIN4 XTRP

JTt4C 363 107

10, 0

CLIP 341 10, 3e3 13)
Las 13 21 133 0

01CM 344 10* sea 133 344 104TMMN
103 -3 10g -37 106 0m

CIUN1 203 107 141 130 343 10s 343 103 W.

96 -9 102. -as 103 -3 102 0

Race. 473 l0b SO) 231 507 105 474 101 307 130

TOTL 494 104 S30 131 S33 10: 49: 101 307 130 33 Ia 3

111 13 113 -7 1132 3 13 Ile -7 12 1 1

CLIN 341 107 377 133 360 10g 31 101 S3 130 3331 1323 37411 16 1I31 1
t4o 41 131 1 131 49 151 49 146 3 1. -17 151 40 11a 1

EIP 33 17 36 3 6 106 4 103 307 130 33 133 :73 111. 61 11i 41 113: 1

3411 1 11 -5 16 1 11 14 11216 7 11 70 1 3 1 -0 1

44HmouR mEAN rORECAT RKROR 4NM)

JTTWC CLIP OTC84 CIUN RECKR TOTL COOK HPAC CLIZN XTRr

JT4C 445 204
304 0 3nWC - WICIAL JTINE FORECAST

CLIP CLIPER 1CLImatology and PERhlatence)
*CLIP 450 304 11 306 OHS 09-MAY TROPICAL CYCLONE MODEL

2 60 so 374 0CSJM COLOADO STATE UNIVERSITY H~OWL
RECR - ICURVIK ANAOG (TYAN I$)

OTC14 44: 204 :1 373 :03 1L91 TOYL -TOTAL ANALOG (TYAN 72)
I 6 -1 11 -63 11 0 COPN COSIC (Mode Output Statistics)

XPAC - AVt CLINATOLOCY AND PERSISTENCE BLEND
COLI 413 301 471 373 465, 191 471 203 CLIN -CLIMATOLOGY

191 -14 203 -69 303 11 303 0 XTR? 12-KR EXTRAPOLATION

RICK 390 302 442 373 435 It0 411 303 444 234

333 31 240 -33 337 47 341 so 339 0

TOTL 410 303 46S 273 434 193 433 304 444 239 467 313

2. 40 37 313 -30 331 13 S16 33 247 a 313 0

coON 447 303 306 374 497 141 467 303 440 239 463 2S2 506 331

304 1 331 -a3 219 as 317 14 226 -is 234 -as 221 0

UVHAC 446 203 106 273 499 193 469 203 444 23 466 310 603 221 s06 336

316 1s 336 -49 337 33 336 as 336 -13 337 23 336 IV 336 0

CLIN4 448 303 106 273 499 193 460 303 444 333 466 250 903 331 50o 336 s0* 36 a

371 6o 263 9 363 g0 303 60 376 37 376 as 361 s0 363 54 363 0

HXTR 452 304 510 376 503 191 471 303 444 239 467 3t3 s06 331 S0S 336 S06 363 113 363

313 44 365 -11 363 73 319 16 363 33 363 1& I65 44 363 31 363 -19 363 0

73-HOUR KEAN rORIS ERROR (0104)

* H" t C CLI9 OTC34 esum. WZCR TOTL COOK ((AC: CL IN XTRV

jTW~C 303 302
303 0

CLIP 377 304 43S 369
see 64 369 0

*OTCH 311 S06 393 361 393 at:
266 -30 396 439 396 0

Cau" 341 306 30S 363 362 300 395 397
ago -to 297 -a6 390 -10 207 0

RECI 340 306 363 331 346 205 353 301 364 334
361 73 394 -1 364 so 392 91 394 0

TOTL 340 304 293 367 316 266 26 9 3:6 391 4 3 23
341 67 33 2 36 33 4050 3 1 33 0

COOIN 374 303 436 364 366 396 393 Ca7 3O1 394 392 333 4 30 331
334 33 3S4 -34 344 46 337 40 364 -30 362 - 31 31 0

HPAC 77 34 43 363 3:6 237 393 36 6 334 343 333 46 34 3:4
30 3332 -4 30 3 3 40 4 36 -4 34 -0 34 -1 34a

CLIN 21 304 436 361 366 397 393 296 364 334 331 3:3 3 344 43.4 3 0 5

407 103 401 30 401 104 403 103 407 13 406 13 40 4 45 6 05 0

XTRV 379 0 3 6 36 39 37 34 333 393 43 335 43 340 40 405 431: 423
413 10 43a 6 41s3 41 114 434 3 1 1 45 7 0 0 0 13 3
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TABLE 5-9. 1987 ERROR STATISTICS FOR SELECTED OBJECTIVE TECHNIQUES IN THE NORTH INDIAN OCEAN

24-HOUR MEAN FORECAST ERROR (NM)

JTWC OTCM CSUM TOTL HPAC CLIM XTRP

JTWC 54 144

144 0

OTCM 38 130 45 158

152 22 158 0 m

CSUM 37 130 44 155 44 24 6 "-- mo

239 109 246 91 246 0 - -jo

TOL 1 18 1 120 11 199 12 158

-. 176 38 158 38 153 -46 158 0

SHPAC 38 ±30 45 158 44 246 !1 |18l45 138

% 140 10 130 -20 137 -109 i4 1 |138 0

CLIM 38 130 45 158 44 246 12 158 45 136 45 172
172 42 172 14 170 -76 165 7 172 34 172 0

XTRP 38 130 45 158 44 246 12 156 45 138 45 172 45 141

* 137 7 141 -17 140 -106 150 - 141 3 141 -31 141 0

40-HOUR MEAN FORECA3T ERROR (NM)

JTWC OTCM CSUM TOTL HPAC CLIM XTRP

JTWC 25 205
205 0 JTUC a iii FI iAL c JYIEF8ST

OTCH - M-UY T0PhICAL CYC1DE MODI
% CSWK - COWA STATE UNIVERSITY N=L

- OTCM 9 220 26 419 TOTL - TOTAL ANALOG (TYAN 76)
if 450 230 419 0 CLIN - CLINATOLDGY

HPAC - NALF CLINATOLOG AM PERSISTUICZ SLIND
XTRP - 12-MR •XTRAPOIATION

i-. CSU4 10 217 25 413 26 4 81

468 251 477 64 481 0

TOTL 2 102 1 216 6 395 1 389

399 297 388 172 379 -16 336 0

HPAC 11 209 26 419 28 461 7 389 29 310

304 95 307 -112 309 -172 346 -42 310 0

CLIM 11 209 26 419 20 461 7 38 29 310 29 322

376 167 314 -105 318 -163 325 -63 322 12 322 0

XTRP 11 209 26 419 26 461 7 389 29 310 29 322 29 330

265 56 330 -89 330 -151 391 3 330 20 330 a 330 0

72-HOUR MEAN FORECAST ERROR (NM)

JTWC OTCN CSLuM TOTL HPAC CLIN XTRP

JTWC 21 305

305 0

OTCM 4 505 10 777

4, 629 124 777 0

cSUM 6 461 10 777 12 7 2 9

4/ 723 242 742 -35 729 0

TOTL 0 0 1 72 1 203 1 339

0 0 339 267 339 136 339 0

PAC 7 440 10 777 12 729 1 339 13 425

356 -64 426 -351 412 -317 545 206 425 0

CLIM 7 440 10 777 12 729 1 339 13 425 13 25 4

169 -251 242 -535 223 -506 385 46 254 -171 254 0

XTRP 7 440 10 777 12 729 1 339 13 425 13 254 13 637

57 2 132 656 -121 641 -86 706 367 637 212 637 363 637 0
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TABLE 5-10. 1987 ERROR STATISTICS FOR SELECTED OBJECTIVE TECHNIQUES IN THE SOUTHERN HEMISPHERE

24-HOUR MEAN FORECAST ERROR (NM)

JTWC OTCM TOTL HPAC CLIM XTRP

JTWC 172 145

145 0

OTCM 100 141 111 136

138 -3 136 0

TOTL 78 135 so 129 68 194

202 67 166 37 194 0

HPAC 71 130 73 126 70 126 81 126

-"124 -6 119 -7 127 1 126 0

CLIM 71 130 73 126 70 126 81 126 91 171

168 38 164 38 165 39 171 45 171 0

XTRP 99 137 99 137 76 203 81 126 81 171 112 14 6

148 11 133 -4 136 -67 1i8 -o 118 -53 146 0

48-HOUR MEAN FORECAST ERROR (NM)

*JTWC OTCM TOTL HPAC CLIM XR

JTWC 123 280 IM - awFICIA Jilic FasCAST

280 0 arcs - On-MAY TROICAL. cicLWe 1EL
TT : TOTAL ANALOG IUYAN 78)

- IWAC -HAL? CLINATOLWY AND PISISTNCN Sl

p.OTCM 71 283 82 287 CLN- CuLeINKLGY

w298 15 287 0 XThP - 12-HR 3XTRA1OLATIO I

TOTL 58 271 60 274 65 319

330 59 283 9 319 0

HPAC 51 264 52 270 50 240 60 215

218 -46 218 -52 215 -25 215 0

CLIM 51 264 52 270 50 240 60 215 60 287

291 27 28 18 262 22 287 72 287 0

XTRP 69 279 71 279 56 329 60 215 60 287 34 304

300 21 278 -1 275 -54 247 32 247 -40 304 0

72-HOUR MEAN FORtECAST ERROR (NM)

IOTCM TOTL HPAC CLIM 2CTRP

OTC14 49 490

490 0

TOTL 36 476 41 359

373 -105 359 0

HPAC 26 446 31 336 35 282

299 -147 287 -49 282 0

CLIM 26 446 31 336 35 282 35 386
391 -55 385 49 336 104 386 0

*XTRP 30 459 32 335 35 282 35 386 51 508
460 1 359 24 370 so 370 -16 500 0
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CHAPTER VI - TROPICAL CYCLONE SUPPORT SUMMARY

1. NAVAL ENVIRONMENTAL PREDICTION RESEARCH FACILITY

The Pocket Tropical Cyclone Model level optimum interpolation analysis and an
(PTCM) increase in the number of model levels from 12

to 21 in order to include a high resolution
(Evans, J.L., Monash University, Australia and planetary boundary layer. In addition, the

J.H. Chu, NAVENVPREDRSCHFAC) cumulus parameterization has been modified so
that the ATCM can maintain the tropical storm

PTCM is a linear tropical cyclone circulation during the forecast. Also, sensitivity
motion prediction scheme incorporating the experiments are being conducted to find the best
effects of a large-scale environmental flow and structure of the initial bogus and to study the
the beta-effect. The model is based on the effect of increasing the horizontal resolution.
equations developed by Holland (1983) and has
been operational in a modified form in the Navy Tactical Applications Guide
Australian region for a number of years. The (NTAG), Vol. 6
current version of the model has been developed
by Evans and Holland to be a purely objective (Fett, R.W., NAVENVPREDRSCHFAC)
forecasting tool, and is presently undergoing
operational testing in the Australian region. An effort is now underway to develop a

series of examples demonstrating the use of
PTCM is being incorporated in the high quality satellite data for analysis and

NEPRF ATCF system and a series of case forecasting in the tropics. Both polar orbital
studies are planned to test its effectiveness in and geostationary satellite data are used to study
the Northwest Pacific region. In addition, the the evolution of certain weather effects or of a
model will be expanded to include additional particular weather phenomenon at a given time.
terms for diagnosis of tropical cyclone motions. These examples are intended for publishing in

the NTAG Volume 6, Part I, Tropical Weather
THE ADVANCED TROPICAL Analysis and Forecast Applications, and
CYCLONE MODEL (ATCM) Volume 6, Part II, Tropical Cyclone Weather

Analysis and Forecast Applications. NTAG
(Hodur, R.M., NAVENVPREDRSCHFAC) Volume 6, Part I was distributed in June 1986.

Part II is still in the research process.
The Advanced Tropical Cyclone Model Publication is anticipated in 1988/89.

(ATCM) was installed at the Fleet Numerical
Oceanography Center in 1987 for evaluation by Tropical Cyclone Condition Setting Aid
JTWC forecasters. Although testing in 1986 for Sasebo and Iwakuni, Japan
indicated that the ATCM could perform better
than the OTCM, these results were not obtained (Jarrell, J.D., Sci. Appl. International
during real-time runs during the 1987 season. Corporation)
In particular, the ATCM demonstrated a large
right bias and nearly always weakened the A forecast aid has been developed for
storms with time. These effects were predicting tropical cyclone associated winds at
particularly noticeable in the ATCM forecasts Sasebo and Iwakuni, Japan. The aid consists of
of Typhoon Lynn in October, 1987. two parts. The first part is a collection of charts

which relate winds observed at the two stations
Experiments are being performed to to the maximum sustained winds at the center of

isolate the reason(s) for these ATCM forecast a tropical cyclone as a function of cyclone
errors. A new version of the ATCM has been locations. The second part of the aid is a
developed which incorporates some of the collection of diagrams which estimate the worst
features of NOGAPS 3.0. These include a 15- case arrival time of 50-kt winds.
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Improvements to Combined Confidence aid, and expedite the issuance of tropical
Rating System cyclone warnings. One great advantage of

using ATCF is the standardization of the
SHarry Hamilton (ST Systems, Monterey, CA) tropical cyclone forecasting procedure, so that

during the course of the tropical cyclone
The Combined Confidence Rating Sys- warning preparation, forecasters will not neglect

tem (CCRS) has been improved via a redesign consideration of any decisional steps or
of its weighting function. The new weighting available options. ATCF automatically saves
function is derived from the following: the all tropical cyclone data, computes the real-time
inverse of a covariance matrix which is a and post-storm statistics, and allows forecasters
combination of the historical cross-track and to randomly access any past storm data. A
along-track covariance matrices, and the communication package included in ATCF
objective aid forecasts. The weights are simplifies the data transfer procedure between
generated as follows: JTWC and Fleet Numerical Oceanography

Center in Monterey, CA.
a. Let Qx and Qy be the cross-track and

along-track covariance matrices, respectively. The ATCF will be installed at JTWC in
The desired combination of these two, Q, is January 1988 for test and evaluation.
equal to Qx + aQy, where a has been Modifications on the system will be followed to
determined aly make the system be compatible with the design

empirically to be 0.25. of the JTWC Automation Project.

b. The weight for each available
objective forecast technique 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)

,D, The Combined Confidence Weighted A tropical cyclone climatology for the
Forecast (CCWF) is generated for JTWC by North Pacific has been developed and now is
summing the selected objective forecasts used being reviewed by EGPACOM. Data used for
in the calculations. the western basin were taken from the JTWC

Tropical Cyclone Data Base and covered a
'."- period of 40 years, 1945-84. Eastern basin data
, Automated Tropical Cyclone spanned the 34-year period from 1949 to 1982

Forecasting System and were obtained from the consolidated world-
wide tropical cyclone data base at National

" (Tsui, T.L., Miller, R.J., and A.J. Schrader, Climatic Data Center, Asheville, N.C. Storms
NAVENVPREDRSCHFAC) for both basins were sorted according to

month/day of the year into twenty four 31-day
The Automated Tropical Cyclone overlapping periods. For each period, four

Forecasting (ATCF) system is an IBM PC charts are supplied: 1) actual storm paths; 2)
compatible software package currently being mean storm paths; 3) average storm speed; and
developed for the Joint Typhoon Warning 4) storm constancy and frequency.
Center (JTWC). ATCF is designed to allow
JTWC forecasters to display graphically tropical JTWC has evaluated and offered
cyclone forecast information, merge and suggestions for modifications of the clima-
analyze synoptic wind fields, provide objective tology. The final version of the compilation
fix guidance, select optimum objective forecast 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 EOF coefficients, 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 from 1979 to 1983.
system. The NPS EOF technique objectively

2. JOINT TYPHOON WARNING CENTER
Joint Typhoon Warning Center terminal will provide the send/receive interface
Automation Project (JTWC-AP) with the Automated Weather Network (AWN).

Numerical forecast aids, FNOC analyses and
LT Brian J. Williams, USN, Typoon Duty prognostic fields, as well as near-real time

Officer, JTWC Automation Officer. synoptic data (as a back-up to the AWN) will be
received via remote requests over the TYMNET

A comprehensive effort is currently public data network. The TYMNET connects
underway to provide JTWC with state-of-the- the JTWC microcomputers to FNOC main-
art, automated tools to aid the Typhoon Duty frames. Outgoing messages to customers
Officer (TDO) in the collection, presentation, without access to AWN are inserted into the
and analysis of data. These tools will also AUTODIN system via paper tape sent to the
streamline the production of the warning local Navy Telecommunications Command
messages and provide decision-making aids for Center (NTCC). The ATCF software and
the TDO. Automation of JTWC will take place hardware implementation represents the first
in two phases. The first phase is the step toward automation of JTWC.
implementation in January 1988 of the
Automated Tropical Cyclone Forecasting A major feature of the future JTWC-AP
system (ATCF). The ATCF consists of a will be the reference roster data base. This
"suite" of program modules designed to run on data base will contain critical data about
IBM-AT compatible microcomputers. The customers in JTWC's AOR. It will include
concept and design of the ATCF (described storm haven information, telephone points-of-
above by Dr. Tsui and Mr. Miller) is a contact, notification criteria for threatened
cooperative effort between NEPRF and JTWC. customers, geographical information, local area
The second phase of automation will be the forecasting rules of thumb, weather reporting
implementation of the more comprehensive station locations, etc. Whenever a customer is

0 JTWC-AP in FY 89. The JTWC-AP will threatened, the reference roster will
integrate features of the ATCF with a more automatically prompt the TDO with customer-
complete advanced data base archival and specific information. JTWC is currently
retrieval system, satellite imagery looping, working to compile the data reference roster for
overlay, and increased emphasis on expert the JTWC-AP project manager. The reference
systems that make the TDO's watch routine roster will be easily edited to add or delete
more efficient and effective, information as conditions change. This feature

should significantly improve the level of
The hardware suite that will run the support to JTWC's customers.

ATCF programs (described above by Dr. Tsui
and Mr. Ron Miller) has five workstations con- Another important feature of the JTWC-
nected by a file server network to share com- AP is a training or playback mode which will
mon data files (see Figure 6-1). A dedicated call up archived data to realistically recreate
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previous forecast scenarios. This will be Future plans for the JTWC-AP include
possible due to the integration of satellite the implementation of decision-making aids
imagery, numerical analyses, prognostic fields, (such as decision trees developed at the Naval
and "raw" data into one data base "tagged" by Postgraduate School) and expert systems to aid
time, geography, or event (e.g., a tropical in forecasting genesis, motion, intensity and
cyclone). This feature will provide the ability to dissipation. The JTWC-AP will provide a
display, analyze and recreate the timing of comprehensive real-time and archived tropical
receipt of all data that was available for a past cyclone data base as well as the tools to
storm. This will allow a controlled training manipulate data. This system is expected to
environment, especially in the off-season, as significantly improve JTWC's operational
well as an outstanding tool for forecast "bust" suppor, while providing an excellent means for
reviews. In addition, this function will provide studying, improving, and "fine tuning" tropical
a complete and rich data base for post-analysis, cyclone forecasting methods and operational
case studies, and other research. procedures.

File Server Network Cabling~li.speed

I-.

. . ......

mous

-'.. MODEM

"% YMNE

(to. A W N-- " -
.,., (Pacmeds)

Comm 00 " 120 mb

serve tape backt

: ;.', F~qure 6- 1. Physical layout of the ATCF in JYTrlW' workt~ng spaces.
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ANNEX A

1. GENERAL on two and the South Pacific and South Indian
Due to the rapid growth of the use of Oceans (1 July 1986 - 30 June 1987) on the

microcomputers in the meteorological other two. Agencies or individuals desiring
community and to save publishing costs, these data sets should send the appropriate
tropical cyclone track data (with best track, number of "floppy" diskettes (four if both data
initial warning, 24-, 48- and 72-hour JTWC sets are desired, two if only one desired) to
forecasts) and fix data (satellite, aircraft, radar NAVOCEANCOMCEN/JTWC Guam with
and synoptic) are now available separately upon their request. When the request is received, the
request. The data will be available in ASCII data will be copied onto your diskettes and
format on 5.25 inch "floppy" diskettes. The returned with an explanation of the data
data sets are available on four diskettes, which formats. The use of floppy diskettes should
include the western North Pacific and North facilitate the transfer of these rather large data
Indian Ocean (1 January - 31 December 1987) files into your computer.
2. WARNING VERIFICATION

STATISTICS

. _,.a. WESTERN NORTH PACIFICaWSE NO HP IIPacific Ocean during 1987. Pre- and post-

This section includes verification warning best track positions are not printed, but
statistics for each warning in the western North are available on floppy diskettes by request.

JTWC Y BT TRC AD ITESITY 8 BY MARNI

.Tylphoon Orchid (01W) DO 2Ah A4h 22
Average 17 91 158 234
# Cases 23 19 15 11

87010812 1 7.2N 150.6E 37.7 37.6 126.7 204.5 35 -10 -5 -25 -20
87010818 2 7.2N 150.OE 65.7 53.6 130.7 168.2 35 -5 -10 -35 -10
87010900 3 7.3N 149.2E 6 152.2 252.5 242.1 40 -5 -10 -40 5
87010906 4 7.5N 148.0E 18.8 191.9 266.9 206.2 40 -5 -20 -35 5
87010912 5 7.9N 146.5E 13.4 119.5 139.2 144 45 -5 -25 -20 5
87010918 6 8.4N 144.9E 29.8 101.6 89 106.7 50 -10 -35 -10 10
87011000 7 8.8N 143.4E 13.3 49.4 60.9 147.2 55 -5 -25 20 40

87011006 8 9.2N 141.9E 29.7 26.5 47.4 207 65 -5 -10 25 40
87011012 9 9.7N 140.4E 5.9 50.4 151.1 330.5 75 -10 5 20 25
87011018 10 10.ON 139.1E 13.4 75.6 187 430 85 -15 20 25 25

87011100 11 10.2N 137.9E 5.9 11.8 93.5 390.8 95 -5 45 40 40
87011106 12 10.5N 136.8E 8.4 12 79.9 N/A 90 10 50 55 N/A

87011112 13 10.8N 135.8E 6 35.8 159.7 N/A 80 20 35 45 N/A
87011118 14 10.9N 134.9E 5.9 70.7 260.1 N/A 70 25 20 35 N/A
87011200 15 11.1N 134.OE 6 34.5 331.8 N/A 60 10 0 5 N/A
87011206 16 11.4N 133.3E 6 91.1 N/A N/A 60 10 5 N/A N/A
87011212 17 11.7N 132.7E 0 165.8 N/A N/A 65 0 5 N/A N/A
87011218 18 11.7N 132.2E 21.3 267.5 N/A N/A 60 0 5 N/A N/A
87011300 19 11.3N 131.6E 0 192.8 N/A N/A 50 5 5 N/A N/A
87011306 20 10.8N 131.1E 13.4 N/A N/A N/A 45 5 N/A N/A N/A
87011312 21 10.1N 130.7E 12 N/A N/A N/A 40 5 N/A N/A N/A

87011318 22 8.7N 130.4E 78.9 N/A N/A N/A 35 5 N/A N/A N/A
87011400 23 6.8N 129.9E 13.4 N/A N/A N/A 30 0 N/A N/A N/A

183

.1 ".? .. *. -



Trzpical Storm Percy (02W) Oh 2M ABh
Average 19 69 116 206
# Cases 9 8 4 4

BILiAI wJLN PQ5X. 2Ai.B 48 72 BT ww 24 48E72
87041100 1 9.3N 142.9E 8.4 43 92.5 163 40 0 20 25 30

87041106 2 9.8N 142.4E 24 81.5 30.6 100.6 40 0 20 25 30

87041112 3 10.3N 140.7E 59.3 85.8 152.1 279.8 35 5 15 15 5
87041118 4 10.6N 141.OE 18.9 70.6 191.8 280.2 30 10 10 10 5

, 87041200 5 10.8N 140.2E 18 51.2 N/A N/A 30 0 0 N/A N/A

87041206 6 11.0N 139.3E 13.4 50.2 N/A N/A 25 5 0 N/A N/A

87041212 7 11.2N 138.4E 11.8 67 N/A N/A 25 5 5 N/A N/A

* 87041218 8 11.4N 137.7E 6 102.6 N/A N/A 25 5 0 N/A N/A
87041300 9 11.8N 137.3E 16.8 N/A N/A N/A 25 5 N/A N/A N/A

Tropical Storm Ruth (03W) Ob 2Ah A4h 2h
Average 13 141 N/A N/A

S# Cases 6 3 0 0

DW BTLAT BTIQN POSER 24 ER 48 2ER BTWN WW 24.WE 48 WE 72.W
87061800 1 19.2N 114.6E 33 168.4 N/A N/A 30 0 5 N/A N/A

87061806 2 19.7N 114.2E 0 120.9 N/A N/A 30 0 15 N/A N/A

" 87061812 3 20.3N 113.7E 8.2 133.7 N/A N/A 30 0 5 N/A N/A

87061818 4 20.8N 112.8E 11.2 N/A N/A N/A 35 0 N/A N/A N/A
87061900 5 21.3N 111.8E 12.7 N/A N/A N/A 30 0 N/A N/A N/A

87061906 6 21.9N 110.8E 13.2 N/A N/A N/A 25 0 N/A N/A N/A

Typhoo Sperry (04W) Mh 24h 2
Average 16 119 242 421
# Cases 18 15 12 9

kit TAT~ BZLQN £k&E-B 24LER 4 AER 722 ER BT SI Zw24E 48JI 722
87062700 1 12.5N 137.4E . 0 18.4 68.2 282.2 35 0 -10 0 35

87062706 2 13.ON 136.7E 16.8 53.3 59 270.3 45 -5 -5 10 45

87062712 3 13.3N 136.2E 42.4 71 57.9 269.7 45 0 -5 20 45
87062718 4 13.8N 135.8E 55.4 45.7 108.2 320.8 55 -5 -5 25 55
87062800 5 14.3N 135.3E 6 75.6 270.1 480.1 65 0 15 55 90

87062806 6 14.9N 135.OE 0 101 306.7 517 65 5 25 60 95

87062812 7 15.6N 134.6E 13 117.8 293.1 505.9 70 0 25 60 95

81062818 8 16.4N 134.2E 12 117.5 276.4 562.5 75 0 30 75 100

,p 87062900 9 17.3N 133.9E 8.3 165 309.5 583.5 75 0 5 20 25
87062906 10 18.3N 133.4E 29.1 191.6 336 N/A 70 0 5 20 N/A
87062912 11 19.4N 132.8E 20.8 137.4 349.4 N/A 65 0 0 15 N/A

87062918 12 20.7N 132.OE 32.9 128.9 472 N/A 65 0 10 20 N/A

87063000 13 22.ON 131.5E 11.1 203.8 N/A N/A 60 0 10 N/A N/A
87063006 14 23.3N 131.3E 20.4 154.5 N/A N/A 55 0 10 N/A N/A
87063012 15 24.9N 131.4E 5.4 212.1 N/A N/A 55 -5 5 N/A N/A
87063018 16 26.7N 131.7E 6 N/A N/A N/A 45 -5 N/A N/A N/A

87070100 17 28.3N 132.6E 8 N/A N/A N/A 40 0 N/A N/A N/A

87070106 18 29.8N 134.6E 16.7 N/A N/A N/A 35 0 N/A N/A N/A
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Super Typhoon Thai= (OMW m~ A fl 2
Average 18 146 311 479
# Cases 34 31 28 24

W T TLAT BLITQN POS~ ER E 74 LEB 4 12_MBT WINN ~ 24 WE 48W 2WE
87070718 1 13.ON 149.5E 84.8 238.2 352.7 402.6 30 0 0 -30 -25

87070800 2 13.9N 148.9E 43.6 263.3 401 491.1 30 0 -5 -30 -45

87070806 3 14.5N 147.4E 58.4 280.1 510 995.5 30 0 0 -30 -70

87070812 4 14.6N 145.5E 37.6 202.8 462.2 864.3 35 -5 -20 -40 -80

87070818 5 15.0W 143.8E 34.1 8.3 128.1 350.8 40 -10 -25 -45 -60

87070900 6 15.6N 142.3E 18.9 139.9 318.5 636.9 45 5 -20 -45 -55

87070906 7 16.2N 141.OE 8.3 162.4 357.8 615.1 50 0 -25 -55 -60
87070912 8 16.5N 139.7E 13.3 109.6 336.4 529.5 60 -5 -25 -55 -45
87070918 9 16.7N 138.3E 11.5 127.8 250.1 187.5 70 -15 -35 -55 -25
87071000 10 17.0W 136.9E 6 116.8 271.7 234.3 80 0 -10 -5 30

87071006 11 17.3N 135.4E 18.9 165.2 292.1 258.2 85 0 -15 -5 35

87071012 12 17.7N 134.OE 8.3 181.4 324 288.5 90 0 -25 0 35

87071018 13 17.8N 132.5E 6 158.6 269.6 195.4 100 -5 -5 30 40

87071100 14 17.9N 131.2E 0 192.1 276.8 147.6 110 -5 10 30 25
87071106 15 17.9N 129.9E 18 122.7 168.2 108.5 120 -10 10 35 30

N487071112 16 17.8N 128.8E 8.3 123.3 189 212.4 130 -10 25 45 25

87071118 17 17.6N 128.OE 16.6 104.9 188.2 307 125 -5 15 20 10
87071200 18 17.6N 127.3E 6 163.5 421.1 675.7 120 0 15 15 20

87071206 19 17.9N 126.8E 18.9 222.7 485.7 820.2 120 -5 15 10 15
87071212 20 18.5N 126.6E 8.3 141.3 382.1 762.7 115 -10 5 -5 5
87071218 21 19.2N 126.4E 29.4 190 418.3 857.9 105 -5 0 -5 20

87071300 22 19.9N 126.2E 8.2 92.3 192.6 540.2 95 -5 -10 -10 20

87071306 23 20.9N 126.OE 18.9 67.1 196.9 497.6 90 -5 -15 -15 15
87071312 24 22.1N 125.6E 12.6 47.1 217.8 524.5 90 -15 -25 -15 10
87071318 25 23.4N 125.3E 17.6 74 308 N/A 90 -15 -25 -5 N/A
87071400 26 24.7N 125.2E 6 62.7 354.2 N/A 90 -5 -10 15 N/A
87071406 27 25.9N 124.9E 0 54.9 312 N/A 90 -5 -10 20 N/A
87071412 28 27.4N 124.8E 8 102.1 346.4 N/A 90 -5 -5 20 N/A
87071418 29 28.6N 125.OE 8 186.1 N/A N/A 85 -5 5 N/A N/A
87071500 30 29.9N 125.5E 12 228.2 N/A N/A 80 0 30 N/A N/A
87071506 31 31.9W 126.3E 13 219.7 N/A N/A 80 -5 20 N/A N/A
87071512 32 34.4N 127.2E 24 N/A N/A N/A 70 0 N/A N/A N/A
87071518 33 36.8N 128.2E 30 N/A N/A N/A 55 5 N/A N/A N/A
87071600 34 39.0W 129.4E 101.3 N/A N/A N/A 40 -5 N/A N/A N/A

Typhoon VezziAn (06m)

Average 33 119 180 224
# Cases 21 18 14 10

BZ." fl N h2-i.I M£Q 2.L-B ALE .22-..E BTL1 WK.Z 2LM 48 WE 2-M..
87071618 1 12.1N 137.5E 11.7 82.2 125.9 282.5 30 0 10 10 -15
87071700 2 12.2N 135.3E 54.1 42.9 151 209.5 30 0 10 5 -15
87071706 3 12.2N 133.1E 18.6 66.6 160.9 207.6 35 -5 5 0 -10
87071712 4 12.3N 131.0K 42.6 153.1 188.8 152.8 35 -5 5 -5 10
87071718 5 12.7N 129.7E 16.8 181.1 216.2 162.6 35 -5 0 -5 10
87071800 6 13.1N 128.9E 94.2 279.7 280.9 196.1 35 -5 -10 -10 15
87071806 7 13.6N 128.5E 112.3 212 207.6 219.4 40 -10 -20 -15 5
87071812 8 14-1N 128.1E 34.2 139.2 151.2 112.7 45 -5 -10 10 25
87071818 9 15.0W 127.5E 58 140.9 159.8 260.9 50 -10 -10 10 30
87071900 10 15.9N 126.7E 23.9 125 234.8 442.9 55 0 0 25 60
87071906 11 16.9N 125.9E 42 103.4 214.5 N/A 60 0 10 35 N/A
87071912 12 18.0 125.3E 12 84.7 81.4 N/A 65 0 20 50 N/A
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87071918 13 18.7N 124.7E 24.8 75.7 128.8 N/A 65 0 20 55 N/A

87072000 14 19.3N 124.2E 5.7 73.9 217.1 N/A 65 0 15 35 N/A

87072006 15 20.1N 123.5E 12.8 101.5 N/A N/A 60 5 15 N/A N/A
87072012 16 21.1N 123.0E 16.4 116.1 N/A N/A 55 0 20 N/A N/A

87072018 17 22.ON 122.5E 20.6 110.1 N/A N/A 55 0 25 N/A N/A

* 87072100 18 23.1N 122.2E 8.2 66.8 N/A N/A 50 5 30 N/A N/A

87072106 19 24.6N 121.8E 32.4 N/A N/A N/A 45 5 N/A N/A N/A
87072112 20 26.ON 121.6E 36.9 N/A N/A N/A 35 5 N/A N/A N/A

87072118 21 27.3N 121.6E 22.1 N/A N/A N/A 30 0 N/A N/A N/A

Typhoon Wynne (07W)

Average 16 107 218 332
# Cases 40 36 30 30

-- w BZLT DT TQN 295-M 2iEB ADLE 22 ET ww 2iM 4 72
87072206 1 10.1N 168.8E 72 43 115.7 272.6 45 -5 0 -10 -30

87072212 2 10.7N 167.5E 38 90.8 83.7 246.9 45 -5 -5 -15 -35

87072218 3 10.9N 165.8E 30.6 60.8 176.4 366.8 45 0 -5 -20 -35

87072300 4 10.8N 164.2E 30.1 25.2 195.1 362.8 50 0 -5 -25 -40

87072306 5 10.8N 162.4E 18.9 120.7 277.8 475.5 50 0 -10 -40 -60

87072312 6 11.2N 160.7E 30.6 144.4 289.9 435.2 55 -5 -5 -35 -45

87072318 7 11.6N 159.2E 18.9 129.7 287.4 410.4 60 -5 -15 -40 -35

87072400 8 12.1N 157.6E 8.4 96 216 294.1 65 -5 -25 -30 -5

87072406 9 12.8N 156.2E 0 126 234.3 318.8 70 -5 -30 -30 0

87072412 10 13.6N 154.7E 18 115.3 225.6 367.1 75 -5 -20 -10 5
87072418 11 14.2N 153.1E 37.7 132.1 254.3 402.2 85 0 -10 0 15
- 072500 12 15.ON 151.5E 13.1 144.1 255.1 284.5 95 0 -10 5 10

87072506 13 15.7N 150.OE 26 151 163.6 192.9 105 0 -5 5 5

87072512 14 16.4N 148.4E 13 85.2 142.8 218.4 110 -5 -5 0 10

87072518 15 17.1N 146.8E 18.9 79.6 172.5 249.2 115 -5 0 0 5

87072600 16 17.8N 145.3E 17.1 83.1 210.7 402.7 120 0 5 -5 -5

87072606 17 18.4N 143.7E 11.4 68.8 154.4 248.8 125 0 5 -5 5

V. 87072612 18 18.9N 142.0E 6 81.7 200 261.4 125 0 0 -5 10
87072618 19 19.4N 140.7E 11.3 86.6 198.5 229.3 120 0 0 0 15

87072700 20 20.ON 139.3E 5.6 27.6 109.9 161.4 115 0 -15 -20 15
87072706 21 20.6N 138.1E 5.6 52.6 126.5 115.8 115 -5 -20 -10 5

87072712 22 21.3N 136.8E 5.6 64.6 142.9 105.9 120 -10 -10 5 5
87072718 23 22.1N 135.7E 0 44.9 123.3 172.4 115 -5 -5 15 5

87072800 24 23.ON 134.7E 12 76.1 237.3 483.2 110 5 15 50 35
87072806 25 23.9N 133.9E 16.3 99.6 285.8 557.3 110 5 25 45 40

87072812 26 24.8N 133.2E 13.2 97.3 312.1 575.6 105 10 35 35 35
87072818 27 25.7N 132.6E 5.4 86.4 314.3 545.7 100 15 35 25 25

87072900 28 26.8N 132.3E 5.4 56.5 248 364.1 95 15 40 15 5

87072906 29 27.9N 132.1E 6 144.5 397.1 461.5 85 20 30 15 5

87072912 30 29.4N 132.4E 26.2 186.8 417.4 406.4 75 15 10 10 10

87072918 31 30.7N 133.1E 12 206.7 N/A N/A 65 10 -15 N/A N/A

87073000 32 31.7N 134.3E 7.9 238.5 N/A N/A 50 10 -15 N/A N/A

87073006 33 32.2N 135.9E 16.4 265.1 N/A N/A 55 5 -15 N/A N/A

87073012 34 32.2N 138.3E 6 100.3 N/A N/A 60 0 -5 N/A N/A

87073018 35 32.3N 140.8E 7.9 117.9 N/A N/A 60 0 -5 N/A N/A

87073100 36 32.3N 143.1E 7.9 132.8 N/A N/A 55 0 -10 N/A N/A
87073106 37 32.5N 145.5E 16.3 N/A N/A N/A 50 0 N/A N/A N/A

87073112 38 32.6N 147.8E 7.8 N/A N/A N/A 45 -5 N/A N/A N/A

87073118 39 32.7N 150.2E 20.2 N/A N/A N/A 45 -10 N/A N/A N/A

87080100 40 33.6N 152.2E 24 N/A N/A N/A 45 -15 N/A N/A N/A
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Typhooc Alex (0811) ~2Ah A8h M2
Average 15 ill 204 330
# Cases 22 20 16 12

DM w BTLAi RT psN Q& 24 P AafB 2_ ET~ w 24~ 48 E 12-M
87072300 1 10.3N 134.4E 6 102.5 261.5 418 30 0 -5 -5 5
87072306 2 10.614 132.9E 6 130.9 271.6 461.6 35 0 0 5 0
87072312 3 10.9N 131.3E 18.9 251.1 373.1 517.9 35 0 -5 -20 -10

87072318 4 11.7N 130.1E 13.4 196.4 345.6 553.6 40 0 -10 -20 -10

87072400 5 12.7N 129.3E 48.4 175.9 342 552.6 45 -5 -10 -25 -10

87072406 6 13.9N 128.9E 13.3 61.1 191.1 229.1 50 -10 -10 -25 -10

87072412 7 14.9N 128.1E 8.3 67.2 160.1 206.7 55 0 -5 -10 0
87072418 8 15.7N 127.1E 13 99 154.8 144.4 60 0 -5 -10 5
87072500 9 16.5N 126.OE 34.6 158.6 282.1 305.6 60 5 -5 5 15

87072506 10 17.5N 125.1E 47.3 162.2 177.6 N/A 60 0 -25 -30 N/A
87072512 11 18.4N 124.4E 8.3 32.6 42 N/A 65 0 0 -10 N/A

87072518 12 19.4N 123.7E 5.7 49.4 102.9 N/A 65 0 -5 -5 N/A
87072600 13 20.3N 123.OE 11.3 72.9 146.3 N/A 65 0 -5 0 N/A
87072606 14 21.4N 122.6E 8.2 63.8 126.8 174.5 65 0 -5 15 10
87072612 15 22.6N 122.3E 12 78.6 155.1 191.6 65 0 0 20 15

87072618 16 23.8N 122.1E 6 67.4 134.1 213 65 0 0 15 10

87072700 17 25.2N 121.7E 0 136.6 N/A N/A 60 0 5 N/A N/A
87072706 18 26.5N 121.OE 26.3 185.5 N/A N/A 60 0 10 N/A N/A

*87072712 19 27.8N 120.7E 16 67.5 N/A N/A 55 0 10 N/A N/A

87072718 20 29.2N 120.7E 16.8 63.9 N/A N/A 50 0 10 N/A N/A
*87072800 21 30.7N 120.8E 12 N/A N/A N/A 40 5 N/A N/A N/A

87072806 22 32.2N 121.1E 19.4 N/A N/A N/A 30 0 N/A N/A N/A

Super Typh-m~ Betty (0OM1 Mh 2Ah A&h m2
Average 7 91 197 257

# Cases 32 30 26 17

- TL TAT AI iLON EQZB 24 ERB ILEE 22-EE BIN ?MJE 24 WE 48M 722
87080900 1 10.2N 132.2E 6 31.8 8.4 113.8 35 0 -10 -45 -45
87080906 2 10.4N 132.1E 13.2 79.1 74.1 130.7 40 5 0 -35 -15

87080912 3 10.7N 131.9E 5.9 8.4 121.8 235.9 45 5 -15 -55 -20
87080918 4 10.9N 131.8E 13.4 37.2 178.9 315.7 45 5 -25 -55 -15

87081000 5 11.3N 131.7E 5.9 94 235.8 362.7 55 0 -45 -55 -15
87081006 6 11.6N 131.6E 8.4 141.8 302.8 437.3 65 0 -50 -35 10
87081012 7 11.9N 131.1E 5.9 83.8 184.4 290.'5 85 -5 -40 -10 -5
87081018 8 12.1N 130.4E 0 93.3 186.8 293.4 95 -5 -30 -5 -25
87081100 9 12.2N 129.6E 5.9 67.8 112.9 185.9 110 0 -5 10 -25
87081106 10 12.2N 128.6E 8.4 50.7 124.4 147.3 125 0 10 25 -30
87081112 11 12.2N 127.6E 8.4 42.5 97.6 156 140 0 20 -15 -25
87081118 12 12.3N 126.5E 0 55.6 123.2 310.1 140 0 15 -20 -25
87081200 13 12.4N 125.5E 0 66.6 133.7 184.5 135 0 0 -15 -20
87081206 14 12.7N 124.2E 16.8 59.4 144.4 181.1 125 0 -15 -25 -5
87081212 15 12.9N 122.9E 11.7 54.6 160.8 315.5 120 -5 10 0 10
87081218 16 13.3N 121.7E 8.4 75.8 208.3 342.1 115 -10 -10 -25 -20
87081300 17 13.7N 120.5E 5.8 96.1 231.8 370.5 110 -15 5 -5 -10
87081306 18 14.1N 119.OE 13.3 123.2 289.2 N/A 95 10 5 -15 N/A
87081312 19 14.4N 117.6E 16.7 90.7 303.4 N/A 100 5 -25 -45 N/A
87081318 20 14.8N 116.2E 12 175.5 344.9 N/A 105 0 -25 -30 N/A
87081400 21 15.3N 115.1E 6 151 339.5 N/A 105 0 -25 -25 N/A
87081406 22 15.7N 114.OE 8.3 103.4 287.1 N/A 115 -10 -25 -15 N/A
87081412 23 15.8N 112.7E 0 78.2 241.8 N/A 115 0 -10 5 N/A
87081418 24 15.8N 111.6E 0 54.6 70.2 N/A 115 -5 -10 15 N/A
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87081500 25 16.3N 110.8E 13 64 281.9 N/A 115 -5 5 40 N/A

87081506 26 16.7N 110.1E 0 74.5 343.9 N/A 105 -5 10 30 N/A
87081512 27 17.ON 109.2E 5.7 104.3 N/A N/A 95 -5 15 N/A N/A
87081518 28 17.3N 108.3E 0 116 N/A N/A 90 -10 20 N/A N/A

87081600 29 17.5N 107.5E 0 189.3 N/A N/A 80 -10 15 N/A N/A

87081606 30 17.7N 106.8E 0 278.3 N/A N/A 65 -5 15 N/A N/A

87081612 31 18.ON 105.6E 23.6 N/A N/A N/A 45 0 N/A N/A N/A
87081618 32 18.1N 104.3E 62.4 N/A N/A N/A 30 0 N/A N/A N/A

Typhom Cary (10W) Oh 2.4h Al 2
Average 15 89 159 247
# Cases 39 36 33 29

DM DTG WI 8TLAT TLON POSER 24 ER 48 72 ER BRTW R 24 E A8WE 8 72WE

87081300 1 13.6N 134.OE 6 39.9 79.9 159.4 40 10 20 35 55

87081306 2 14.3N 133.1E 18.4 58.2 120.3 210 45 10 25 40 55

87081312 3 14.9N 132.2E 5.8 78 125.1 208 50 -5 5 15 25

87081318 4 15.3N 131.3E 28.9 125 209.3 317.9 55 0 20 25 35

87081400 5 15.5N 130.4E 23.1 132.5 258.8 410.2 55 10 25 40 40

87081406 6 15.8N 129.6E 31.3 121.8 234.6 426 55 10 20 30 20

87081412 7 16.ON 128.8E 17.3 101.6 243.9 454.5 60 5 10 15 15

87081418 8 16.1N 128.3E 46.5 100.9 236.1 458.8 60 5 5 10 15

87081500 9 16.2N 127.8E 24.7 24 72.2 255.1 65 0 10 5 5

87081506 10 16.3N 127.2E 12 18.2 133.1 284.2 65 0 10 -5 10

87081512 11 16.5N 126.6E 13 78.7 235.9 403.8 65 0 0 0 25
87081518 12 16.7N 126.1E 34.6 67.5 167.7 307.3 70 -5 -20 -30 0

87081600 13 16.9N 125.7E 0 91.6 168.4 302.2 65 0 -10 -10 10

87081606 14 17.ON 125.2E 18.2 96.7 198.3 287 65 5 -10 5 20

87081612 15 16.9N 124.7E 18.2 172.2 249.2 243.8 70 5 -10 20 25

87081618 16 16.8N 124.2E 21 167.7 270 274.2 75 0 -5 20 30
87081700 17 16.5N 123.8E 23.8 94 192.1 259.7 80 -5 0 20 25

87081706 18 16.4N 123.5E 5.8 71.6 174.5 266.9 85 -5 15 15 15

87081712 19 16.2N 123.OE 0 73 168.8 261.2 80 0 10 10 20
. 87081718 20 16.1N 122.5E 11.5 130.2 210 248.4 75 0 0 15 15

87081800 21 16.ON 121.8E 18.3 122.4 203.2 253.8 70 0 15 20 15

87081806 22 15.7N 120.9E 23.1 87.8 185.7 194.4 60 0 10 10 5

87081812 23 15.4N 120.1E 8.3 59 83.1 46.7 50 0 15 15 -5
87081818 24 15.2N 118.8E 11.6 69.5 153.4 131.1 55 0 15 0 -5

87081900 25 15.2N 117.8E 6 6 93.7 12.9 55 5 20 10 0
87081906 26 15.4N 117.OE 6 26 77.7 29.1 55 5 15 5 0

87081912 27 15.7N 116.2E 13 70.6 43.9 167.3 55 0 0 -5 -5

87081918 28 15.8N 115.1E 25 90.2 78.8 193.3 55 5 5 -10 -5

* 87082000 29 15.8N 114.2E 18.9 101.7 45.4 106.9 55 0 -15 -25 -10
87082006 30 15.8N 113.4E 11.5 52.1 61.8 N/A 60 -5 -20 -25 N/A

* 87082012 31 15.9N 112.8E 5.8 56.7 143 N/A 60 5 -20 -20 N/A

87082018 32 16.2N 112.3E 18.9 96.7 134.2 N/A 65 -5 -15 -10 N/A

87082100 33 16.4N 111.7E 6 111 212.1 N/A 65 -10 -20 -5 N/A

87082106 34 16.8N ln1.lE 0 108.8 N/A N/A 70 -15 -20 N/A N/A
87082112 35 17.4N 110.3E 6 133.9 N/A N/A 70 -15 -20 N/A N/A

87082118 36 18.1N 109.1E 12.9 168.7 N/A N/A 65 -20 -15 N/A N/A

87082200 37 18.4N 107.8E 24.7 N/A N/A N/A 65 -25 N/A N/A N/A

87082206 38 18.5N 106.6E 13.3 N/A N/A N/A 65 -25 N/A N/A N/A

87082212 39 18.7N 105.6E 6 N/A N/A N/A 60 -30 N/A N/A N/A
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Super Typhoon Dinah (11W) 2Ah A .
Average 17 96 172 222

I Cases 42 38 34 30

ALTAT TLON POSErR 24 ER AM U ER WN WW 24WE 48 722W
87082100 1 12.2N 149.9E 95.1 219.7 357.7 326 25 0 -5 0 -5
87082106 2 12.2N 149.OE 70.4 201.5 193.2 54.6 30 -5 0 10 5
87082112 3 11.8N 148.OE 60 174.9 213.7 213.4 30 0 5 15 10
87082118 4 11.3N 147.OE 40.1 76.2 95 152 35 -5 0 10 15
87082200 5 11.1N 145.7E 30 42.4 85.3 143.4 40 0 20 25 25
87082206 6 11.1N 144.2E 24.7 87.1 105.2 159.6 40 5 25 25 15
87082212 7 11.1N 142.6E 18.7 94.7 139.2 215.5 40 5 25 30 15
87082218 8 11.3N 141.2E 5.9 181.9 188.3 270.7 45 5 25 30 5
87082300 9 11.4N 140.3E 11.8 155.2 208.1 260.5 45 5 -5 5 -15
87082306 10 11.6N 139.7E 23.5 88 151.7 245.5 45 10 5 -5 -5
87082312 11 11.8N 139.OE 17.6 84.3 129.3 165.6 50 5 -5 -25 -15
87082318 12 12.2N 138.2E 18.9 97.3 108.2 136 55 5 5 -25 0
87082400 13 12.8N 137.1E 36.5 75.7 105 124.1 60 0 -5 -30 5
87082406 14 13.5N 135.9E 8.4 55 175.4 254.5 65 0 -20 -25 5
87082412 15 14.ON 134.8E 8.4 71.2 187.3 249.3 70 0 -25 -20 5

87082418 16 14.6N 133.7E 5.8 81 192.1 235.5 75 0 -30 -10 5
87082500 17 15.2N 132.8E 0 51.7 150.6 224.2 85 5 -15 15 15
87082506 18 15.9N 131.8E 8.3 107.8 176.7 255.8 100 0 5 15 15

87082512 19 16.7N 131.1E 8.3 66 114.9 205.2 110 0 15 15 20
87082518 20 17.3N 130.6E 6 46.8 74 144.4 120 5 20 15 30
87082600 21 17.9N 130.2E 16.6 29.4 41.3 81.6 130 0 25 25 35
87082606 22 18.5N 130.OE 5.7 39.8 98.1 108.1 125 -5 -15 -20 -10

87082612 23 19.ON 129.8E 0 55.6 134.8 140.7 120 5 0 -10 -5
87082618 24 19.5N 129.5E 5.7 84.8 148.9 160.7 115 5 -5 -5 -10

87082700 25 19.9N 129.OE 11.3 85.9 149.8 165.3 115 5 5 5 -5
87082706 26 20.1N 128.6E 22.5 65.9 108.1 193.8 115 0 0 0 -10
87082712 27 20.4N 128.2E 5.6 36.8 81.1 282.6 115 0 0 5 -10
87082718 28 20.6N 127.8E 17.9 35.4 110.9 366 115 -5 0 0 -5
87082800 29 21.ON 127.4E 8.2 17.6 144.5 503.3 110 0 10 5 15

87082806 30 21.3N 127.OE 8.2 24.6 180 628 110 -5 5 0 15
87082812 31 21.6N 126.8E 11.2 138 401.9 N/A 105 -5 5 -5 N/A
87082818 32 22.2N 126.5E 6 84.1 266.2 N/A 95 0 -5 -10 N/A
87082900 33 23.ON 126.3E 17.6 129.6 396 N/A 90 5 -5 0 N/A
87082906 34 24.1N 126.2E 12 122.7 456.4 N/A 90 5 -10 10 N/A

87082912 35 25.2N 126.OE 18.8 173 N/A N/A 85 5 -10 N/A N/A
87082918 36 26.6N 126.OE 12 158.3 N/A N/A 85 0 -10 N/A N/A
87083000 37 28.1N 126.2E 8 166.6 N/A N/A 85 0 0 N/A N/A
87083006 38 30.ON 126.6E 12 169.4 N/A N/A 85 0 -5 N/A N/A
87083012 39 31.8N 127.OE 15.3 N/A N/A N/A 85 -10 N/A N/A N/A
87083018 40 34.ON 128.7E 23.2 N/A N/A N/A 75 -5 N/A N/A N/A
87083100 41 36.8N 130.9E 41.5 N/A N/A N/A 65 0 N/A N/A N/A

87083106 42 39.6N 133.OE N/A N/A N/A N/A 55 N/A N/A N/A N/A

Tropical Storm Ed (12W) 0h 2Ah Ah 2h
Average 33 120 219 278
# Cases 12 10 6 5

ATG TA L T AT LON POSFR 24 ER4AF 72ER T WW 24 WE 48W 72 WE

87082200 1 9.8N 160.8E 36 60.8 192.8 218 25 5 5 25 30
87082206 2 10.3N 159.7E 13.2 41.9 191.2 211.9 25 5 10 20 30
87082212 3 10.8N 158.7E 16.8 90.9 232.7 249 30 0 15 35 55
87082218 4 11.3N 157.7E 13.2 169.6 281.8 302.1 30 0 20 35 55
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87082300 5 12.2N 157.1E 35.2 215.7 282.2 411.5 30 -5 15 20 30
87082306 6 12.9N 156.7E 50.7 N/A N/A N/A 25 N/A N/A N/A N/A
87082618 7 16.1N 149.1E 37.8 178.6 138.5 N/A 35 -5 15 35 N/A
87082700 8 16.4N 148.4E 54.3 165.6 N/A N/A 35 0 25 N/A N/A
87082706 9 17.2N 147.7E 61.1 152.9 N/A N/A 30 5 20 N/A N/A
87082712 10 17.8N 146.8E 26.6 36.2 N/A N/A 30 0 15 N/A N/A
87082718 11 18.2N 145.9E 18.9 92.4 N/A N/A 30 0 20 N/A N/A
87082800 12 18.4N 145.2E 50.7 N/A N/A N/A 25 0 N/A N/A N/A

Typhoon Freda (13W) D.Qb 2A4 la. 22h
Average 16 81 181 327
# Cases 50 47 42 34

DM Ki BTLAT BTDON POER 24 PR 48_ 72 ER BTW WINE 24 WE 48W 72
87090418 1 12.3N 145.OE 164.1 293.3 579.7 731.2 25 0 -10 -20 -20
87090500 2 13.ON 144.OE 24.7 29.6 286.3 432.4 30 0 -5 0 10
87090506 3 13.6N 142.8E 33.5 70.5 283.8 457.4 35 0 0 5 15
87090512 4 14.3N 141.8E 23.3 317.5 578 798.5 40 0 -5 10 10
87090518 5 14-9N 141.OE 31.4 304.2 552.2 782.6 45 -5 -15 0 -5
87090600 6 14.7N 140.7E 16.7 177.9 307.1 378.3 50 0 5 5 0
87090606 7 14.5N 140.9E 42.3 139.4 234.2 273.7 55 0 5 5 -5
87090612 8 14-6N 141.3E 18.4 110.1 189.3 233.3 60 0 10 15 0
87090618 9 15.0N 141.4E 11.6 23.9 60.3 111.4 65 0 15 15 0
87090700 10 15.2N 141.4E 16.7 23.9 18 85.5 65 0 0 -5 -15

. 87090706 11 15.3N 141.3E 17.4 33.3 24.9 51.9 70 -5 -10 -25 -25
'N- 87090712 12 15.5N 141.2E 18.3 29.2 21.4 69.7 70 0 -10 -25 -20

87090718 13 15.6N 141.OE 16.7 6 18.2 80.4 75 0 0 -15 -5
87090800 14 15-7N 140.8E 0 58.8 29.3 109.3 80 0 -10 -20 10
87090806 15 15.8N 140.7E 6 75 34.4 126.3 85 0 -15 -20 15
87090812 16 16.1N 140.3E 5.8 70 29.5 153.9 90 0 -15 -10 20
87090818 17 16.4N 139.7E 11.5 30 98.2 274.2 95 -5 -20 -5 25
87090900 18 16.4N 139.OE 6 89.3 264.8 510.5 100 0 -15 10 35
87090906 19 16.5N 138.5E 0 92.4 285.3 540.4 i0 5 5 30 45
87090912 20 16.7N 138.1E '13 50 200.7 391.2 115 0 10 30 45
87090918 21 16.9N 137.8E 5.7 94.6 258 467.3 120 0 5 15 25
87091000 22 17.ON 137.5E 13 103.1 273.1 488.1 125 0 10 20 30
87091006 23 17.2N 137.2E 0 74.2 251.2 444.6 125 0 10 20 25
87091012 24 17.3N 137.1E 12.9 97.1 273.8 431.8 120 0 15 25 25
87091018 25 17.5N 137.OE 11.4 121.9 291.9 445.9 115 5 5 15 20
87091100 26 17.7N 137.OE 12.9 105.4 238.4 382.3 110 5 10 20 20
87091106 27 17.9N 137.iE 13.3 94.9 158.8 233.1 105 -5 5 15 20
87091112 28 18.3N 137.3E 8.3 63.3 128.3 188.1 100 -5 5 10 10
87091118 29 18.6N 137.6E 16.5 74 139.2 208 95 -10 0 10 10
87091200 30 19.ON 137.9E 13.3 62.1 122 252.9 90 -10 5 10 15
87091206 31 19.4N 138.3E 12 37.7 101.5 217.5 85 -10 0 5 5
87091212 32 19.8N 138.6E 13.3 58.4 137.4 285.5 80 -10 -5 0 0
87091218 33 20.2N 138.9E 13.3 58.4 142 280.1 75 -10 -5 -5 -5
87091300 34 20.8N 139.2E 8.2 52.8 124.4 225.8 70 -5 -5 0 -5
87091306 35 21.3N 139.4E 6 13.2 96.6 N/A 65 0 0 -5 N/A
87091312 36 22.ON 139.6E 6 24.6 91.5 N/A 65 0 -5 -10 N/A
87091318 37 22.6N 139.8E 12 40.3 129.7 N/A 60 5 -5 -10 N/A
87091400 38 23.3N 139.9E 6 56.9 192.6 N/A 60 -5 -5 -10 N/A
87091406 39 24.ON 140.1E 0 68.8 154.3 N/A 55 0 -5 -10 N/A
87091412 40 24.8N 140.2E 6 94.6 141.4 N/A 55 0 0 -5 N/A
87091418 41 25.6N 140.2E 13.2 84.3 59.7 N/A 55 -5 -5 0 N/A
87091500 42 26.6N 140.2E 18 57.9 43.9 N/A 50 0 0 10 N/A
87091506 43 27.6N 140.1Z 8 90.1 N/A N/A 50 0 -5 N/A N/A
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87091512 44 28.6N 139.9E 12.1 46.6 N/A N/A 50 0 -5 N/A N/A
87091518 45 29.6N 140.OE 8 43.2 N/A N/A 50 0 -5 N/A N/A

87091600 46 30.4N 140.3E 5.2 26 N/A N/A 45 0 0 N/A N/A

87091606 47 31.1N 140.7E 16.5 75.1 N/A N/A 45 0 10 N/A N/A

87091612 48 31.9N 141.4E 6 N/A N/A N/A 45 0 N/A N/A N/A
87091618 49 32.6N 142.3E 30 N/A N/A N/A 40 0 N/A N/A N/A

87091700 50 33.4N 143.OE 18.7 N/A N/A N/A 30 0 N/A N/A N/A

Typhoon Gerald (14W) .Q 24h A4h m

Average 20 97 163 193

# Cases 24 20 18 14

-W LAT TLON £O R 24 8 72 ER BT WN w _ 24W 48WE 72iE

87090418 1 16.3N 126.3E 21.4 167.8 263.2 294.2 35 -10 -10 -30 -45
87090500 2 16.6N 126.6E 71.3 184.2 262.6 265 35 -5 -15 -30 -45

87090506 3 16.9N 126.5E 53.2 143.9 230.9 240.7 40 -5 0 -10 -25

87090512 4 17.1N 126.5E 51.8 122.3 155.9 94.1 45 -5 -10 -15 -30

.P 87090518 5 17.3N 126.5E 17.2 70.7 63.9 82.9 45 -5 -10 -20 -35

87090600 6 17.4N 126.5E 30.5 79.8 54.3 138.1 50 -5 -5 -15 -25
87090606 7 17.5N 126.5E 24.7 48.3 66.7 156.8 55 -5 -5 -15 -15

87090612 8 17.6N 126.4E 13.3 12 102.7 170 60 -5 -10 -30 -10

87090618 9 17.8N 126.4E 6 66.4 105.1 134.2 60 -5 -15 -35 -5
87090700 10 18.ON 126.3E 12.9 115.7 198.6 206.8 65 -5 -15 -25 20

87090706 11 18.4N 126.OE 11.4 105.3 200.6 245.5 70 -5 -10 -15 40

87090722 12 19.ON 125.6E 12.8 100.3 186.7 232.6 75 -5 -20 -5 70

87090718 13 19.5N 125.1E 8.2 87.5 138.7 208 80 5 0 35 70

87090800 14 20.ON 124.7E 13.3 78.7 155 241.8 85 5 0 45 65
87090806 15 20.2N 124.OE 13.3 106.4 178.7 N/A 90 0 5 40 N/A

87090812 16 20.4N 123.2E 12.7 74.7 212.7 N/A 100 0 20 70 N/A

87090818 17 20.6N 122.4E 0 78.2 156.3 N/A 105 -5 0 30 N/A
87090900 18 20.9N 121.9E 16.8 98 199.3 N/A 105 0 10 20 N/A

87090906 19 21.3N 121.2E 8.2 100.2 N/A N/A 100 0 20 N/A N/A
87090912 20 21.7N 120.5E 8.2 ill N/A N/A 90 0 40 N/A N/A

87090918 21 22.5N 120.OE 16.6 N/A N/A N/A 80 0 N/A N/A N/A
. 87091000 22 23.2N 119.5E 12.6 N/A N/A N/A 70 -5 N/A N/A N/A

87091006 23 24.1N 119.OE 12.5 N/A N/A N/A 55 0 N/A N/A N/A

87091012 24 25.ON 118.5E 12.4 N/A N/A N/A 30 0 N/A N/A N/A

Super Typhoon Holly (15W) h 24h Ah
Average 23 122 275 455

# Cases 43 34 33 31

KI Z-LAT BTLO N POS ER 24 EA 48ER 72 ER BTWN WW 24WE 48E 72WE
87090506 1 12.2N 168.3E 11.7 60.6 65.1 78.9 30 0 -20 -45 -55

87090512 2 12.2N 167.8E 34.8 113.3 95.8 106.1 35 -5 -25 -50 -55

87090518 3 12.3N 167.1E 56.2 130.7 108.3 131.9 45 -10 -25 -50 -55

87090600 4 12.4N 166.2E 12 72.2 183.6 306.1 45 0 -15 -30 -25

87090606 5 12.6N 165.5E 37.1 120.2 258.9 421 55 -5 -20 -30 -30

87090612 6 12.9N 164.6E 6 49.4 150.1 333.4 65 -5 -30 -35 -50

87090618 7 13.3N 163.7E 26.3 110.5 221.6 428.9 70 -5 -20 -25 -35

87090700 8 13.8N 163.OE 26.7 106.6 211.9 423.2 80 -10 -25 -25 -20

87090706 9 14.3N 162.2E 21.4 112.1 225.6 466.1 90 -5 -10 -15 0

87090712 10 14.8N 161.4E 32.2 122.4 269.6 569.3 100 -5 0 -10 10

87090718 11 15.3N 160.7E 25 124.7 313.9 643.6 105 0 0 -5 15
87090800 12 15.8N 159.9E 8.3 67.6 310.9 675.3 110 -5 0 0 10

87090806 13 16.3N 159.2E 13 72.5 344.4 737.5 115 -5 -5 5 15
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87090812 14 16.8N 158.4E 5.7 109.6 413.6 810.4 115 0 -10 10 20
87090818 15 17.3N 157.6E 5.7 173.2 439.5 755.5 120 -5 -10 10 30

87090900 16 17.8N 156.8E 13.3 191.8 490.7 757 125 0 0 15 40
87090906 17 18.3N 156.2E 23.6 192.3 505.2 743.1 135 -5 10 20 45

87090912 18 18.6N 155.9E 21.3 135.6 392.1 568.8 140 -5 20 30 65

87090918 19 18.9N 155.8E 26.6 144 350 506.4 140 -5 15 35 65

87091000 20 19.4N 155.6E 18 132.9 292.1 395.5 135 5 15 35 35
87091006 21 19.9N 155.5E 12.8 134.8 242.3 376.7 130 5 10 30 25

87091012 22 20.5N 155.5E 12 121.9 233.6 378.7 125 5 15 45 45

87091018 23 21.2N 155.6E 8.2 118.7 146.4 288.6 125 5 15 40 45

87091100 24 22.0N 155.8E 8.2 76 168.1 340.3 120 10 10 10 15

87091106 25 23.1N 156.OE 6 113.8 442.1 445.8 115 10 15 5 10

87091112 26 24.ON 156.OE 12 161.6 334.8 495.1 110 5 20 10 15
87091118 27 24.8N 155.7E 13.2 159.6 314.9 482 100 5 15 15 20

87091200 28 25.6N 155.3E 18 170.4 334.3 448.3 90 5 10 20 20
87091206 29 26.0N 155.2E 10.8 117.4 264.7 330.9 80 10 5 15 20

87091212 30 26.4N 155.2E 12.3 131.5 263.2 334.1 70 15 15 20 15

87091218 31 26.7N 155.4E 24.1 138.7 234.3 349.8 65 10 15 20 15

87091300 32 26.9N 155.6E 16.1 102.1 157.1 N/A 65 0 10 15 N/A

87091306 33 27.2N 156.OE 144 135.5 297.9 N/A 65 0 5 10 N/A

87091312 34 27.4N 156.5E 55.7 125.4 N/A N/A 55 0 5 N/A N/A

87091318 35 27.7N 157.1E 27.2 N/A N/A N/A 50 0 N/A N/A N/A

87091400 36 28.0N 157.5E 49.1 N/A N/A N/A 45 0 N/A N/A N/A

87091406 37 28.3N 157.9E 51.7 N/A N/A N/A 45 0 N/A N/A N/A

87091412 38 28.6N 158.2E 31.9 N/A N/A N/A 35 10 N/A N/A N/A

87091418 39 28.9N 158.3E 12.1 N/A N/A N/A 30 10 N/A N/A N/A

87091500 40 29.2N 158.5E 16.8 N/A N/A N/A 30 5 N/A N/A N/A
87091506 41 29.5N 158.5E 20.8 N/A N/A N/A 30 0 N/A N/A N/A
87091512 42 29.8N 158.6E 5.2 N/A N/A N/A 30 0 N/A N/A N/A

87091518 43 30.ON 158.7E 15.9 N/A N/A N/A 25 0 N/A N/A N/A

Tyoon Ian (16W) OQh 24h A4h m
Average 14 82 201 344

# Cases 33 27 23 21

RW TL BLON MRRR 24 ER 4 ER 72 ER RTW I 24 WE 48WE 72WE
87092306 1 16.2N 146.8E 53.2 100.5 155.5 241.8 25 0 -15 -35 -50
87092312 2 16.3N 146.4E 21 58.7 116.3 213.7 30 0 -15 -40 -40

87092318 3 16.2N 146.OE 8.3 91.6 180.8 288.1 35 0 -15 -45 -30

87092400 4 16.3N 145.5E 29.4 117 203.7 278 45 -5 -20 -50 -20

87092406 5 16.7N 144.9E 25.9 117.3 221.9 270.1 50 -5 -25 -40 -15
87092412 6 17.4N 144.4E 8.3 68.2 186.1 257 55 -5 -35 -30 0

87092418 7 17.8N 143.8E 18.9 83 222.2 304.4 60 -10 -35 -15 10

87092500 8 18.3N 143.3E 5.7 70.3 212.4 297.8 70 -5 -25 5 30

87092506 9 18.7N 142.7E 6 66.2 175.3 264.2 80 -10 -15 10 35

87092512 10 19.3N 142.1E 12 79.8 123 223.3 90 0 20 45 50

87092518 11 M0ON 141.4E 13.3 53.6 154.9 327.7 100 5 30 35 40

87092600 12 20.6N 140.8E 5.6 50.8 240.5 483.7 110 0 0 -5 0
87092606 13 21.3N 140.3E 8.2 112.9 335.3 593.2 105 0 0 -5 -5

87092612 14 22.0N 139.7E 6 152.5 366.7 626.1 100 0 -5 -5 -10

87092618 15 22.6N 139.OE 6 150 358.9 625.6 95 0 -10 0 -5

87092700 16 23.1N 138.6E 12 157.5 373.1 646.6 90 0 -5 0 -10

87092706 17 23.2N 138.3E 6 111 246.5 425.3 90 0 0 -5 -10

87092712 18 23.2N 138.1E 8.1 81.2 159.4 285.9 85 -5 0 -5 -5

87092718 19 23.3N 138.OE 25.1 109.3 177 248.8 85 -10 0 0 -5

87092800 20 23.4N 138.OE 17.6 77 154.7 197.9 80 -5 -5 -5 -10

87092806 21 23.5N 138.OE 22.8 60.7 101.4 128.2 75 -5 -5 -5 -10
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87092812 22 23.6N 138.OE 5.5 30.5 88.3 N/A 70 -5 -10 -5 N/A

S. 87092818 23 23.7N 138.OE 12 24.6 72.7 N/A 65 -5 -10 -10 N/A
87092900 24 23.8N 137.8E 21.1 8.1 N/A N/A 65 -5 -15 N/A N/A

87092906 25 23.9N 137.5E 11 31.9 N/A N/A 65 -10 -20 N/A N/A
87092912 26 23.9N 137.3E 8.1 24.9 N/A N/A 65 -10 -15 N/A N/A

87092918 27 24.ON 137.1E 17.5 N/A N/A N/A 60 -10 N/A N/A N/A

87093000 28 24.2N 136.9E 8.1 149.4 N/A N/A 60 -15 -20 N/A N/A

87093006 29 24.5N 136.8E 12 N/A N/A N/A 60 -20 N/A N/A N/A
,87093012 30 248N 136.7E 6 N/A N/A N/A 55 -15 N/A N/A N/A

87093018 31 25.3N 137.1E 12.4 N/A N/A N/A 55 -20 N/A N/A N/A

87100100 32 26.1N 137.9E 12 N/A N/A N/A 55 -20 N/A N/A N/A

87100106 33 26.9N 138.3E 18.8 N/A N/A N/A 55 -25 N/A N/A N/A

Tropical Depression 17W 0b 2Ah A8h 32h
.. Average 21 81 N/A N/A

# Cases 7 3 0 0

TT T LAT BTL.TON POR 2. E E 24 PR4k172 ER TW WW 24WE 48 WE 72 WE
87092418 1 17.ON 161.3E 68.9 155.5 N/A N/A 30 0 15 N/A N/A

87092500 2 17.ON 160.7E 17.2 45.7 N/A N/A 30 0 5 N/A N/A
87092506 3 16.9N 160.1E 8.3 43.5 N/A N/A 30 -5 15 N/A N/A

87092512 4 16.8N 159.4E 13 N/A N/A N/A 30 0 N/A N/A N/A

87092518 5 16.8N 158.7E 8.3 N/A N/A N/A 30 0 N/A N/A N/A

87092600 6 16.7N 157.9E 23.8 N/A N/A N/A 30 0 N/A N/A N/A
87092606 7 16.4N 157.3E 8.3 N/A N/A N/A 25 0 N/A N/A N/A

Tzropical Storm June (18W) Qb 2Ah Ah 2h
Average 33 165 66 N/A

# Cases 9 2 2 0

TGW TLLAT BTLON EQSPR 24 ER 48 72 E BT WN 24 WE 48 WE 72WE
87092900 1 23.7N 155.8E 18.8 169.8 84.7 N/A 35 0 5 0 N/A

87092906 2 25.2N 155.OE 54 161.4 47.6 N/A 40 -5 5 5 N/A

87092912 3 26.8N 154.1E 49.2 N/A N/A N/A 35 -5 N/A N/A N/A

87092918 4 28.ON 152.3E 40.1 N/A N/A N/A 35 -5 N/A N/A N/A

87093000 5 28.2N 149.7E 29.1 N/A N/A N/A 35 -5 N/A N/A N/A

87093006 6 28.1N 148.7E 63.5 N/A N/A N/A 35 -5 N/A N/A N/A
87093012 7 28.4N 148.6E 5.3 N/A N/A N/A 35 0 NIA N/A N/A
87093018 8 292N 148.7E 31.8 N/A N/A N/A 30 0 N/A N/A N/A

87100100 9 29.9N 149.1E 7.9 N/A N/A N/A 30 0 N/A N/A N/A

Typhoon Kelly (19W) ooh 4h 48h 7m
Average 16 110 183 289

# Cases 28 25 21 17

DT J LAT LON PQSER ZLER 48 ER 7 2EE BIW WWE 24_WE 48±W 72 WE
87101000 1 12.8N 137.4E 34.8 213.1 305.3 459.2 30 0 -5 -5 0

87101006 2 13.3N 137.6E 68.7 243.1 396.9 587.8 35 -5 -10 -5 0

87101012 3 14.ON 137.7E 26.2 152.5 283 440.8 40 -5 0 5 15
87101018 4 14.7N 137.8E 16.7 54.9 190.2 323.7 45 0 5 20 25

87101100 5 15.3N 137.9E 25 145.2 286.7 413.8 50 0 5 15 25

87101106 6 15.7N 137.7E 18.9 141.1 265.9 410.8 55 0 10 20 30
87101112 7 16.ON 137.6E 5.8 45.6 81.1 138.7 55 5 0 15 25

87101118 8 16.2N 137.3E 26 120.5 174.6 216.1 60 5 10 15 25

87101200 9 16.4N 137.2E 18.3 92.9 157.5 207 65 0 10 20 25

193

'.

lzlr 1%



87101206 10 16.8N 137.2E 23 41.5 94.6 92.2 65 0 10 20 25
87101212 11 17.3N 137.2E 8.3 24.7 117.3 148.2 70 0 20 20 20

87101218 12 17.8N 137.1E 6 47.7 147.8 169.1 70 5 20 25 25

87101300 13 18.3N 136.8E 8.3 76.8 174 182.7 75 5 10 20 0
87101306 14 18.9N 136.4E 8.3 44.9 92.1 177.9 75 0 -15 -35 -45

87101312 15 19.5N 136.1E 8.2 88.5 103.3 276.8 75 0 -20 -40 -35
87101318 16 20.2N 135.7E 12 102.8 92.5 335.6 80 -5 -20 -40 -25

87101400 17 21.3N 135.2E 8.2 97.9 88 336.9 80 -5 -20 -30 0

87101406 18 22.1N 134.5E 16.4 80.1 88.2 N/A 80 -5 -20 -30 N/A
87101412 19 23.ON 133.7E 13.2 90.7 193.1 N/A 85 -10 -25 -25 N/A

87101418 20 24ON 133.OE 12.5 53.1 216.7 N/A 85 -10 -30 -20 N/A
87101500 21 25.ON 132.2E 5.4 38.7 294.4 N/A 90 -5 -15 10 N/A

87101506 22 25.8N 131.9E 6 151.6 N/A N/A 90 -5 -15 N/A N/A
87101512 23 26.7N 131.8E 6 126.1 N/A N/A 95 -15 -10 N/A N/A

87101518 24 27.7N 131.9E 10.6 211.5 N/A N/A 95 -15 -5 N/A N/A

87101600 25 29.ON 132.4E 28.8 279.7 N/A N/A 90 -20 5 N/A N/A
87101606 26 30.4N 133.0E 16.6 N/A N/A N/A 90 -30 N/A N/A N/A

87101612 27 32.2N 133.4E 19.4 N/A N/A N/A 80 -25 N/A N/A N/A

87101618 28 34.2N 134.4E N/A N/A N/A N/A 70 N/A N/A N/A N/A

Super Typhoo Lynn (20W) 00 ALh A&h m2
Average 17 89 184 298

# Cases 44 41 39 31

DTG Wl BLT LON POSER 24E 48 72 ERBTN WWK 24 WE 48 WE 72 WE

87101606 1 13.ON 155.3E 35.1 238.8 341.6 412.8 35 0 -10 -15 -30
87101612 2 13.2N 153.9E 24.1 147.2 170.7 248.3 35 0 -5 -5 -20

87101618 3 13.3N 153.2E 13.1 72.6 68.1 164.5 40 0 -5 -5 -25
87101700 4 13.3N 152.3E 16.7 36.5 114.1 126.1 45 0 0 -5 -30

87101706 5 13.3N 151.3E 8.4 76.7 144.5 133.1 55 -10 -5 -15 -30
87101712 6 13.2N 150.1E 23.4 100.9 157 145.8 55 -5 -10 -30 -30

87101718 7 13.3N 148.9E 8.4 99 166.6 190.9 60 -5 -10 -35 -25

87101800 8 13.6N 147.6E 12 146.8 223.4 251.2 65 -5 -10 -45 -25
87101806 9 14.ON 146.6E 5.0 26 12.9 53.7 70 -5 -15 -40 -5

87101812 10 14.6N 145.7E 13.1 34.5 37.3 89 75 -5 -20 -35 -15

87101818 11 15.1N 145.OE 11.6 6 13.3 131.3 80 -10 -35 -40 -10
87101900 12 15.7N 144.3E 16.7 40.1 98 245.8 90 -5 -40 -30 20

87101906 13 16.2N 143.5E 8.3 26.6 149.4 353.7 100 -10 -35 -10 25
87101912 14 16.6N 142.7E 6 39.9 145.7 256.6 115 -20 -25 -5 20

87101918 15 16.9N 141.8E 8.3 49.6 173.1 280.2 125 -10 -5 20 25
87102000 16 17.3N 141.1E 13.3 107.5 290.9 472.6 140 0 5 40 40

87102006 17 17.6N 140.2E 18.9 148.7 332.3 530.4 140 0 15 25 25
87102012 18 17.8N 139.2E 11.4 146.5 378.9 559 140 0 15 25 20

87102018 19 18.ON 138.OE 17.1 168.1 392.4 558.7 140 -5 10 20 10
87102100 20 18.ON 136.7E 30.9 145.9 342.6 466.6 140 -10 20 20 5

87102106 21 18.ON 135.3E 24.8 140.4 308.5 395.7 125 0 15 15 5

87102112 22 18ON 134.OE 11.4 81.8 117.9 118.9 125 -5 10 5 5

87102118 23 18.ON 132.5E 26.6 74.4 34.5 146.7 115 0 10 0 5
87102200 24 18ON 130.9E 8.3 36.4 99.6 270.2 100 5 5 -15 -5

87102206 25 18.ON 129.3E 5.7 62.4 162.2 347.7 100 0 -10 -25 -20
87102212 26 18.1N 127.8E 6 45.9 198 393.6 100 -5 -20 -15 -15

87102218 27 18.1N 126.3E 12.9 97.8 297.3 530.8 95 -5 -25 -10 -10

87102300 28 18.3N 124.9E 12.9 113.6 315.8 514 90 0 -25 -10 -10
P7102306 29 18.5N 123.6E 6 107.5 260 391 90 0 -20 -5 5
87102312 30 18.8N 122.5E 11.4 118.5 235.5 N/A 90 -5 -10 -5 N/A
87102318 31 19.1N 121.6E 17 118.2 257.5 N/A 90 -5 0 5 N/A

87102400 32 19.4N 120.9E 12.8 75.3 174.2 229.4 90 -5 0 10 5
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:1. 87102406 33 19.7N 120.3E 16.5 98.4 178.9 230.8 85 -5 0 15 5

87102412 34 20.ON 119.9E 0 78.6 149.1 N/A 75 0 5 15 N/A
87102418 35 20.3N 119.6E 30.6 126.4 196.6 N/A 65 5 10 0 N/A

87102500 36 20.6N 119.3E 28.7 95.6 147.4 N/A 65 0 5 0 N/A

87102506 37 20.9N 119.1E 24.6 17.8 68.1 N/A 60 5 10 5 N/A

87102512 38 21.1N 119.OE 12.7 69.7 179.4 N/A 55 5 10 5 N/A

87102518 39 21.3N 118.9E 12.7 91 N/A N/A 45 10 5 N/A N/A
87102600 40 21.5N 118.7E 12.7 68.7 49.3 N/A 45 0 -5 -5 N/A

87102606 41 21.7N 118.2E 23.1 73.4 N/A N/A 40 -5 -10 N/A N/A
, 87102612 42 21.6N 117.8E 66.9 N/A N/A N/A 35 -5 N/A N/A N/A

87102618 43 21.5N 117.6E 73.5 N/A N/A N/A 35 -5 N/A N/A N/A
87102700 44 21.3N 117.3E 11.2 N/A N/A N/A 35 -10 N/A N/A N/A

Tropical Storm Maury (21W) 0Qh 24h 48h 72JI
Average 27 107 162 183

# Cases 29 19 13 12

nTA BTIAI RTLON POER 24ER 4BER 72 ER BT wN WE 24E 48WE 72W
87111106 1 14.7N 133.5E 8.3 133.4 217.2 339.6 30 0 25 35 30

87111112 2 15.ON 132.9E 23.2 141.9 223.6 279.7 30 0 30 35 45
87111118 3 15.ON 132.4E 13.3 159.7 288.9 324.9 25 5 15 20 35

87111200 4 14.5N 132.3E 42 N/A N/A N/A 20 5 N/A N/A N/A
87111306 5 13.7N 127.6E 18.9 92.6 151.9 171.5 30 0 15 15 20
87111312 6 13.6N 126.9E 66.7 221.7 349.7 395.1 30 0 10 20 15

87111318 7 13.5N 126.2E 88.4 221.8 304.3 317.1 30 0 0 10 5

87111400 8 13.5N 125.6E 5.8 25.1 88.5 141.8 30 0 5 0 0

87111406 9 13.5N 125.OE 16.7 83.7 N/A N/A 25 0 0 N/A N/A
87111412 10 13.5N 124.3E 8.4 N/A N/A N/A 25 0 N/A N/A N/A
87111418 11 13.4N 123.6E 26.2 N/A N/A N/A 25 0 N/A N/A N/A

87111500 12 13.2N 122.7E 13.1 N/A N/A N/A 25 0 N/A N/A N/A

87111506 13 13.ON 122.OE 21.3 46.8 111.6 50.1 25 5 10 0 20
87111512 14 12.8N 121.OE 13.1 76.9 102.2 50.7 25 5 5 10 25
87111518 15 12.8N 119.9E 12 76.8 47.4 42.4 25 5 0 10 30
87111600 16 12.8N 118.6E 21.3 87.1 52.9 40 30 0 0 10 20

4 87111606 17 12.9N 117.3E 12 72.6 62.9 47.3 30 0 -5 15 10

87111612 18 13.3N 116.1E 30.6 42.5 113.8 N/A 35 0 5 0 N/A
87111618 19 13.5N 115.1E 12 78.8 N/A N/A 40 -5 0 N/A N/A

87111700 20 13.5N 114.2E 29.5 144.3 N/A N/A 40 -5 5 N/A N/A

87111706 21 13.4N 113.3E 72.5 200.5 N/A N/A 45 -10 -5 N/A N/A
87111712 22 13.ON 112.8E 110.5 N/A N/A N/A 40 -5 N/A N/A N/A

% 87111718 23 13.ON 112.3E 30.6 N/A N/A N/A 40 -10 N/A N/A N/A

87111800 24 13.ON 111.9E 39.4 N/A N/A N/A 35 -5 N/A N/A N/A
87111806 25 13.ON 111.5E 8.4 42.6 N/A N/A 35 5 5 N/A N/A
87111812 26 12.9N 110.9E 5.8 88.7 N/A N/A 35 5 10 N/A N/A

87111818 27 12.8N 110.3E 8.4 N/A N/A N/A 30 5 N/A N/A N/A

87111900 28 12.7N 109.6E 21.3 N/A N/A N/A 30 0 N/A N/A N/A

87111906 29 12.3N 108.8E 18.9 N/A N/A N/A 25 0 N/A N/A N/A

= -Super Typhoon Nina (22W) 00h 24h 48h 72h

SuerThon ia 22) Average 17 138 235 279

# Cases 40 36 32 30

4- Tt TAT BTLON POR FR 24ER 48 P 72ER BTWN E 24WE 482E WE
87111912 1 4.6N 159.OE 37.8 289 541.1 725.9 30 0 0 10 25
87111918 2 4.8N 157.7E 48.2 279.4 492.6 592 35 0 -5 15 25

87112000 3 5.2N 156.2E 49.3 217 391.8 520.3 40 5 5 25 25
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87112006 4 5.8N 154.6E 8.5 182.6 353 466.7 45 0 5 25 25
87112012 5 6.5N 152.9E 13.3 114 224.7 281.4 50 -5 0 15 25

87112018 6 7.2N 151.3E 6 148.8 222.5 236.7 60 -15 0 10 20
87112100 7 8.0N 149.6E 18.8 148.6 257.9 240.5 60 -5 5 5 25

87112106 8 8.7N 147.8E 30.3 129.7 206.1 155.3 60 -5 0 0 15
87112112 9 9.5N 146.OE 13.4 81 180.3 194.8 65 --10 -5 -5 0

87112118 10 10.ON 144.3E 29.5 34.8 78.9 156.1 65 -5 0 0 -5

87112200 11 10.3N 142.7E 8.4 64.5 114.2 162.1 65 0 -5 5 -15

87112206 12 10.7N 141.OE 0 84.2 148.2 206.3 70 0 -5 0 -20
87112212 13 11. ON 139.3E 12 69.5 150.5 235.1 75 0 5 5 -30

87112218 14 11.IN 137.8E 24.7 56.8 146.9 213.7 80 5 10 0 -15
A 87112300 15 11.2N 136.1E 6 100.5 165 115.3 85 5 20 -10 5
1 87112306 16 11.5N 134.6E 13.4 137 180.2 77.6 90 0 0 -35 -15

87112312 17 11.8N 133.4E 13.2 76.9 63 110.9 90 0 -20 -70 -30
87112318 18 11.9N 132.5E 6 42 97.4 179.6 95 -5 -30 -55 -35

87112400 19 11.9N 131.6E 5.9 36.5 122.2 219.5 90 0 -30 -30 -35

87112406 20 12.0N 130.6E 6 46.4 187 276.7 100 -10 -55 -30 -35
87112412 21 12.1N 129.6E 8.4 63.2 205 304.7 105 -20 -70 -30 -30
87112418 22 12.3N 128.5E 5.9 111.7 241.6 290.7 115 -20 -30 -20 -10

87112500 23 12.6N 127.4E 18.6 181.3 329.1 309.1 125 -30 -10 -15 0

87112506 24 12.8N 126.1E 5.9 188 333.5 264.5 135 -20 10 5 10

87112512 25 13.0N 124.5E 13.1 108.8 199.4 281.2 145 -10 5 15 30

87112518 26 13.2N 122.8E 13.1 92.8 228.5 356.1 130 0 5 10 30
87112600 27 13.5N 121.OE 8.4 106.9 162.6 205.1 110 0 -5 5 45

87112606 28 14.0N 119.3E 13.1 99.8 156.9 240.9 95 0 0 -10 45
87112612 29 14.6N 117.8E 6 72.2 137.3 361.9 95 -10 -5 -15 10

87112618 30 15.2N 116.4E 5.8 96.7 215.9 400 100 0 5 10 10
87112700 31 15.9N 115.1E 6 195.8 539.8 N/A 100 0 -5 5 N/A

87112706 32 16.7N 113.8E 8.3 249.3 N/A N/A 95 5 -15 N/A N/A
87112712 33 17.5N 113.OE 0 311.1 N/A N/A 95 -5 -20 N/A N/A

87112718 34 18.6N 112.7E 5.7 238.9 N/A N/A 95 0 10 N/A N/A
87112800 35 19.3N 112.8E 5.7 226.2 448.2 N/A 95 5 30 20 N/A

87112806 36 19.8N 113.1E 8.2 301.8 N/A N/A 100 0 35 N/A N/A

87112812 37 20.3N 114.OE 11.3 N/A N/A N/A 80 -5 N/A N/A N/A
87112818 38 20.0N 115.OE 37 N/A N/A N/A 60 10 N/A N/A N/A
87112900 39 19.1N 115.4E 169.8 N/A N/A N/A 50 10 N/A N/A N/A

87112906 40 18.2N 115.4E N/A N/A N/A N/A 40 N/A N/A N/A N/A

Tropical Storm Ogden (23W) Ob 2Ah Aah M2
Average 26 99 N/A N/A

# Cases 4 2 0 0

D BLAT BTLQN EQ 24 RR 48 72 B T wB 24£ WE WE 4 28W
87112406 1 12.0N 111.3E 13.2 94 N/A N/A 35 -5 5 N/A N/A

87112412 2 12.3N 110.4E 18.6 104.1 N/A N/A 40 -10 10 N/A N/A
87112418 3 12.7N 109.4E 47.5 N/A N/A N/A 45 -10 N/A N/A N/A

87112500 4 13.5N 108.5E 26.7 N/A N/A N/A 35 -10 N/A N/A N/A

Typhoon Phyllis (24W) O0h 2-Q 2h 2Ar-.
Average 16 129 171 196
# Cases 34 25 13 13

-. TR# L T 1TON POSEFR 24 ER 48 ER 72 ER BTN ER 24W 48 WE72 W
% 87121018 1 7.3N 146.1E 21.6 122.3 169.3 232.9 25 5 10 25 50

87121100 2 8.1N 144.6E 8.4 131.6 246.1 300.4 30 0 5 25 35
87121106 3 8.9N 143.5E 13.3 152.9 N/A N/A 30 0 5 N/A N/A

87121112 4 10.0N 142.9E 8.4 172.2 N/A N/A 30 0 5 N/A N/A
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87121118 5 10.9N 142.2E 18.7 182.3 N/A N/A 35 0 10 N/A N/A
87121200 6 11.6N 141.3E 6 226.9 N/A N/A 35 0 10 N/A N/A
87121206 7 12.2N 140.7E 0 163 N/A N/A 35 0 10 N/A N/A
87121212 8 12.5N 140.6E 32.2 198.1 N/A N/A 35 0 0 N/A N/A
87121218 9 12.7N 140.5E 55.2 261.7 N/A N/A 35 0 0 N/A N/A
87121300 10 12.9N 140.4E 66 N/A N/A N/A 30 0 N/A N/A N/A
87121306 11 13.2N 140.2E 54.3 N/A N/A N/A 30 0 N/A N/A N/A
87121212 12 13.3N 139.4E 18.5 N/A N/A N/A 30 0 N/A N/A N/A
87121318 13 13.1N 138.6E 11.7 N/A N/A N/A 30 -5 N/A N/A N/A
87121400 14 12.9N 137.5E 5.8 N/A N/A N/A 30 -5 N/A N/A N/A
87121418 15 11.7N 132.3E 0 67 146.9 184.1 45 0 -25 -40 5
87121500 16 11.3N 130.6E 5.9 54.3 132.6 130.2 55 0 -40 -35 15
87121506 17 11.4N 128.9E 6 80.5 169.3 171.2 65 -5 -35 -25 15
87121512 18 11.5N 127.3E 6 119.6 234.2 218.2 75 0 -25 5 45
87121518 19 11.7N 125.7E 26.4 203.6 310.6 270.3 90 -15 -20 30 40
87121600 20 11.8N 124.8E 16.8 75.7 8.4 35.6 100 0 5 45 40
87121606 21 12.2N 124.1E 8.4 75.6 168.6 132.4 90 -5 -5 35 20

87121612 22 12.6N 123.4E 5.9 79.7 132.5 128.7 85 -5 5 25 15
87121618 23 12.8N 122.8E 8.4 64.4 150.7 200.8 80 0 35 25 15
87121700 24 12.9N 122.2E 8.4 105.8 168.3 251.2 75 0 35 20 20
87121706 25 12.9N 121.6E 11.7 163.6 188.8 294.9 70 5 35 25 20
87121712 26 12.9N 121.OE 11.7 63.8 N/A N/A 60 0 10 N/A N/A
87121718 27 12.7N 120.3E 13.4 N/A N/A N/A 40 0 N/A N/A N/A
87121800 28 12.2N 119.3E 37.9 N/A N/A N/A 30 0 N/A N/A N/A
87121806 29 11.7N 118.1E 5.9 N/A N/A N/A 30 0 N/A N/A N/A
87121812 30 12.2N 117.1E 6 71.1 N/A N/A 30 0 5 N/A N/A
87121818 31 12.6N 116.3E 0 60.6 N/A N/A 35 0 5 N/A N/A
87121900 32 12.9N 115.6E 13.1 144.4 N/A N/A 35 0 10 N/A N/A
87121906 33 12.9N 114.8E 26.7 203.3 N/A N/A 30 0 10 N/A N/A

- 87121912 34 12.7N 114.1E 13.4 N/A N/A N/A 25 5 N/A N/A N/A

* Typhoom Poke (02C) OOh M4 48h m2h
Average 19 145 310 247
# Cases 23 18 11 5

DG WA TI TLN P!&ER 24 ER ALE 2Z- RTW w Z2AM 4 WE 72 WE
87092800 1 23.5N 180.3E 12.5 39.5 215.5 300.9 75 5 -30 -40 -40
87092806 2 23.9N 180.OE 6 105.2 294 295.1 75 0 -30 -35 -25
87092812 3 24.4N 179.4E 12 105.2 273.3 192 75 0 -30 -35 -20
87092818 4 24.7N 178.4E 6 117.3 228.1 N/A 90 -20 -40 -45 N/A
87092900 5 25.2N 177.2E 10.9 146.1 205.7 232 100 -20 -25 -25 -10
87092906 6 25.7N 176.OE 12 168.7 162.3 219.4 100 -20 -25 -15 -5

- . 87092912 7 26.4N 174.7E 17.2 115.9 157.9 N/A 100 -20 -30 -15 N/A
87092918 8 27.2N 173.2E 12.2 78.4 N/A N/A 100 -25 -40 N/A N/A
87093000 9 28.4N 171.9E 48 83.7 254 N/A 100 -25 -35 -20 N/A
87093006 10 29.4N 170.7E 5.2 163.4 503.8 N/A 100 -25 -25 -20 N/A
870930'.2 11 30.2N 169.9E 20.7 223.5 560.8 N/A 100 -25 -15 -15 N/A
87093018 12 30.9N 169.2E 13.1 195.1 558.1 N/A 95 -25 -10 -15 N/A
87100100 13 31.4N 169.OE 18 253.3 N/A N/A 90 -25 -20 N/A N/A
87100106 14 31.8N 169.1E 13 238.4 N/A N/A 80 -15 -15 N/A N/A
87100112 15 31.9N 169.5E 6 210.1 N/A N/A 75 -10 -10 N/A N/A
87100118 16 31.7N 170.OE 7.9 149.8 N/A N/A 65 -10 -15 N/A N/A
87100200 17 31.ON 170.4E 27.3 122.2 N/A N/A 65 -10 -10 N/A N/A
87100206 18 30.4N 170.8E 33.8 ii N/A N/A 60 -10 -5 N/A N/A
87100212 19 29.8N 171.5E 15.9 N/A N/A N/A 55 -15 N/A N/A N/A
87100218 20 29.4N 172.1E 24.6 N/A N/A N/A 50 -15 N/A N/A N/A
87100300 21 28.9N 172.6E 42 N/A N/A N/A 45 -10 N/A N/A N/A
87100306 22 28.ON 173.4E 67.9 N/A N/A N/A 35 -5 N/A N/A N/A
87100312 23 27.9N 174.6E 16 N/A N/A N/A 35 -5 N/A N/A N/A
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b. NORTH INDIAN OCEAN
Ocean during 1987. Pre- and post- warningThis 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.

JT"M CAS7 IS TRACK AND IRTISITY ISWZ BY WMWING

nTROICAL CYCL0E 01B O0h 2-4h Ah 211
Average 23 77 90 254
# Cases 11 10 6 2

87020100 1 8.7N 85.2E 34.7 181.6 254.1 311.1 75 0 0 20 40
87020106 2 9.6N 85.4E 38.1 133.1 129.5 197.1 35 0 -5 20 30
87020112 3 10.6N 85.8E 26.5 73.3 74.5 N/A 40 0 0 30 N/A
87020118 4 11.6N 86.3E 18.6 17.4 29.1 N/A 45 -5 5 30 N/A
87020200 5 12.5N 86.8E 17.6 28.8 21.3 N/A 50 0 20 40 N/A
87020206 6 13.5N 87.4E 17.5 74.9 34.4 N/A 55 0 15 20 N/A
87020212 7 14.4N 87.8E 21.2 66.3 N/A N/A 50 5 15 N/A N/A
87020218 8 15.3N 88.1E 25 54.3 N/A N/A 45 5 15 N/A N/A
87020300 9 16.1N 88.4E 34 34.4 N/A N/A 40 10 20 N/A N/A

, 87020306 10 16-9N 89.1E 11.5 111.7 N/A N/A 35 10 20 N/A N/A
87020312 11 17.7N 89.7E 12.9 N/A N/A N/A 30 0 N/A N/A N/A

TROPICAL CYCLOE 02B 00h 24h Aft 12h
Average 33 166 N/A N/A
# Cases 12 7 0 0

DM Wl BT LAT BTLON POS ER 24_ER 48B 2 2 BER W WWE 2AE 48ER 2_EB
87060206 1 17.ON 89.3E 34.9 95.7 N/A N/A 35 -5 15 N/A N/A
87060212 2 17.2N 88.7E 34.4 159.9 N/A N/A 35 0 15 N/A N/A
87060218 3 17.5N 88.5E 28.6 203.9 N/A N/A 35 0 10 N/A N/A
87060300 4 18.0N 88.5E 54.5 247.9 N/A N/A 35 5 -5 N/A N/A
87060306 5 18.5N 88.6E 37.7 261.7 N/A N/A 40 0 -25 N/A N/A
87060312 6 19.1N 89.1E 46.4 147.4 N/A N/A 40 -5 -20 N/A N/A
87060318 7 19.7N 89.6E 34.4 49 N/A N/A 45 -5 -5 N/A N/A
87060400 8 20.3N 90.1E 12 N/A N/A N/A 50 -5 N/A N/A N/A
87060406 9 21.1N 90.6E 8.2 N/A N/A N/A 55 0 N/A N/A N/A
87060412 10 21.9N 90.8E 33.2 N/A N/A N/A 50 5 N/A N/A N/A
87060418 11 22.8N 90.8E 40.8 N/A N/A N/A 40 5 N/A N/A N/A
87060500 12 23.7N 90.9E 32 N/A N/A N/A 30 0 N/A N/A N/A

TROPICAL CYCLI 03A 0 2h 8h 2
Average 62 165 183 208
# Cases 18 12 12 12

ams W1 RT LAT R SLT POS ER 24LE 4A FR 72 ER T WW ER 24 FR 4ER R 2 R
87060506 1 16.1N 62.2E 28.8 42.1 107.2 150 45 0 10 20 35
87060512 2 16.1N 62.6E 13 98.9 134.8 123.3 45 0 5 15 35
87060518 3 16.1N 63.OE 62.4 126 90.6 337.1 45 5 10 20 45
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87060600 4 16.1N 63.5E 44.2 40.6 169.6 291.5 50 0 10 20 45

87060606 5 16.1N 64.2E 51.9 127.3 209.6 139 50 5 20 25 25

87060612 6 16.1N 64.9E 80.9 175.6 198 95.4 50 5 15 25 25

87060618 7 16.1N 65.7E 126.8 223.5 234.9 109.3 50 5 10 20 20

87060700 8 17.ON 66.2E 116.8 234 206.3 99.7 50 0 0 15 20

87060706 9 17.9N 66.1E 90.7 247.1 245.1 220.5 50 0 5 15 25

87060712 10 18.9N 66.OE 102.2 217.9 208.8 255.4 50 0 15 30 45

87060718 11 19.8N 65.9E 92.8 211.1 204 313.2 50 0 20 25 25

87060800 12 20.6N 65.5E 132.6 236.3 195.4 363.7 50 0 15 25 20

87060806 13 21.ON 64.9E 45 N/A N/A N/A 45 0 N/A N/A N/A

87060812 14 21.ON 64.3E 32 N/A N/A N/A 40 0 N/A N/A N/A

87060818 15 20.9N 63.7E 28.7 N/A N/A N/A 35 0 N/A N/A N/A

87060900 16 20.4N 63.4E 32 N/A N/A N/A 35 0 N/A N/A N/A

87060906 17 19.9N 63.7E 37.5 N/A N/A N/A 35 0 N/A N/A N/A

87060912 18 19.9N 64.3E 13.3 N/A N/A N/A 30 0 N/A N/A N/A

TRIC.L CYCLONE 04B 0Qh 2Ah A8h 2h

Average 12 N/A N/A N/A

# Cases 3 0 0 0

TT LAT BTLON EOSE 24 ER 48 72 ER BT WW 24 ER 48 72 E
87101500 1 14.5N 83.7E 13.1 N/A N/A N/A 35 0 N/A N/A N/A

87101518 2 16.ON 81.5E 17.3 N/A N/A N/A 45 0 N/A N/A N/A

87101600 3 16.6N 80.5E 8.3 N/A N/A N/A 35 0 N/A N/A N/A

TRPICRL CYCL=E 05B 00h 24h ABh 2h

Average 31 193 541 872

# Cases 14 9 1 1

DW LAT BZION kOSR 24 E 48ER 72 ER BT WW 24EB 48 R 72 R

87103100 1 10.7N 88.OE 5.9 251.3 540.7 872 30 5 5 10 0

87103106 2 11.9N 87.6E 59.1 408.7 N/A N/A 30 5 0 N/A N/A

87103112 3 13.ON 86.7E 6 358.2 N/A N/A 35 5 -5 N/A N/A

87103118 4 13.6N 85.7E 13.1 271.9 N/A N/A 40 0 -15 N/A N/A

87110100 5 13.9N 84.9E 13.1 90.2 N/A N/A 45 -5 -15 N/A N/A

87110106 6 13.9N 84.2E 37.8 104.2 N/A N/A 50 -10 -20 N/A N/A

87110112 7 13.9N 83.6E 13.3 25.1 N/A N/A 55 -5 -10 N/A N/A

87110118 8 13.9N 82.8E 24.1 96.6 N/A N/A 55 -5 -25 N/A N/A

87110200 9 13.9N 82.1E 35.5 N/A N/A N/A 55 -10 N/A N/A N/A

87110206 10 14.1N 81.5E 44.6 132.4 N/A N/A 55 -10 10 N/A N/A

87110212 11 14.3N 81.OE 71.1 N/A N/A N/A 55 -10 N/A N/A N/A

87110218 12 14.5N 80.6E 50.1 N/A N/A N/A 55 -10 N/A N/A N/A

87110300 13 14.8N 80.OE 21.4 N/A N/A N/A 40 0 N/A N/A N/A

87110306 14 15.3N 79.1E N/A N/A N/A N/A 25 N/A N/A N/A N/A
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TROPICAL CYCLGM 06B O0h 24h 8h 2h

Average 16 113 N/A N/A

# Cases 6 2 0 0

T WiTAT BTLON POSER 24 FR 48ER 72 E BTWN WWL 24 E 48 E 72 E
87111118 1 14.7N 87.3E 8.3 185.3 N/A N/A 35 -5 0 N/A N/A

87111200 2 14.6N 85.5E 13.3 42 N/A N/A 35 0 -10 N/A N/A

87111206 3 14.2N 84.OE 13.3 N/A N/A N/A 40 -5 N/A N/A N/A

87111212 4 14.4N 82.5E 12 N/A N/A N/A 45 0 N/A N/A N/A

87111218 5 15.3N 81.2E 24.7 N/A N/A N/A 50 0 N/A N/A N/A

87111300 6 16.3N 80.OE 29.4 N/A N/A N/A 40 0 N/A N/A N/A

TOPICAL CYCI1E 07A 2Ah A8h
Average 38 119 307 421
# Cases 14 11 6 6

HlG W# ITALAT BTLQN QiSER 2LER 48 ER 22-E BT WN WW 24 EM 48ER 72 .R
87120812 1 10.9N 70.7E 0 129.1 326 483.2 35 0 15 0 5

87120818 2 11.2N 70.3E 16.8 176.3 356.3 485.1 35 0 10 0 10

87120900 3 11.6N 70.OE 37.3 220.7 402.2 517.3 35 0 10 5 10

87120906 4 12.ON 69.9E 23.5 160.8 286.3 381.2 35 0 5 10 20

87120912 5 12.6N 70.OE 84.3 254.8 336.3 407.9 35 0 0 10 20

87120918 6 13.3N 70.1E 60.3 96 139.7 256.5 40 -5 0 15 25

87121000 7 13.9N 70.3E 84.8 109.3 N/A N/A 40 -5 -10 N/A N/A

87121006 8 14.3N 70.6E 8.4 5.8 N/A N/A 45 -10 -5 N/A N/A

87121012 9 14.7N 71.OE 21.4 37.5 N/A N/A 45 -10 -5 N/A N/A

87121018 10 15.ON 71.3E 24 54.3 N/A N/A 45 0 5 N/A N/A

87121100 11 15.4N 71.6E 36.5 74 N/A N/A 40 0 -5 N/A N/A

87121106 12 15.9N 71.9E 37.8 N/A N/A N/A 35 0 N/A N/A N/A

87121112 13 16.4N 72.3E 45.4 N/A N/A N/A 35 -5 N/A N/A N/A

87121118 14 16.9N 72.7E 54.3 N/A N/A N/A 30 -5 N/A N/A N/A

TROPICAL CYC 08B 8Bh 2Ah A4h 7mh

Average 123 192 N/A N/A

* Cases 5 3 0 0

G BTLAT BTON E B ZAEB 48 2 ER BTWM WW 24 AE AER 72LE
87121800 1 10.7N 82.6E 24.7 159 N/A N/A 30 0 10 N/A N/A

87121806 2 10.5N 82.2E 76 N/A N/A N/A 30 0 N/A N/A N/A

87121812 3 10.4N 81.8E 128.2 176.1 N/A N/A 30 0 0 N/A N/A

87121818 4 10.3N 81.4E 181.9 240.6 N/A N/A 30 0 0 N/A N/A

87121900 5 10.5N 81.1E 206.6 N/A N/A N/A 25 0 N/A N/A N/A
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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.

JTMICCST TRAX AND IRTENISITYT rn S BY IUNWG

Tropical Cyclone 01S 00h 2Ah Ah
Average 25 90 196

# Cases 4 3 1

DTG kt BLTAT T N POFR 24RR 48_ER BT.WN WWER 24WE 48WE
86080112 1 7.6N 78.3E 24.5 91 196.4 40 0 30 40

86080200 2 7.6N 76.9E 8.4 81.5 N/A 35 5 5 N/A

86080212 3 7.4N 75.5E 32.3 99.2 N/A 30 5 0 N/A

86080300 4 6.9N 74.OE 36.5 N/A N/A 30 -5 N/A N/A

Tropical Cyclone 02P 00 24h Ah
Average 33 141 292

# Cases 6 4 2

nTa Wi T AT BLT N POSER 24 ER 48ER BTN WK 24 WE 48WE
86112218 1 12.7N 168.8E 21.5 29 196.9 35 -5 -15 -10

86112306 2 13.6N 168.7E 8.4 75.3 388.2 45 -10 -5 5

86112318 3 14.7N 169.2E 31.4 212.7 N/A 50 0 20 N/A

86112406 4 15.7N 170.1E 40.9 250.3 N/A 55 5 25 N/A

86112418 5 16.7N 172.3E 53.1 N/A N/A 55 5 N/A N/A

86112506 6 17.4N 175.3E 43.9 N/A N/A 55 -5 N/A N/A

Tropical Cyclone 03P 00 24h 48h
Average 42 160 340
# Cases 6 4 2

TW KLAT LON PQSER 24 ER AER A BWN WW 2-M 48WE
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 18.1N 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

Tropical Cyclone 04P O0h 2Ah 48h
Average 35 171 333

# Cases 18 16 14

B WI RLAT ZLON OSR ALEB 24 ELEBWw 24 WE A8E
86122318 1 12.1N 176.3E 8.4 274.1 606.8 35 0 5 5
86122406 2 12.7N 176.1E 66.8 366 640.1 35 5 -5 5

86122418 3 13.6N 177.6E 17.5 66.7 204.7 45 0 0 5

86122506 4 14.4N 179.OE 46.9 117.2 312 55 0 5 -5

86122518 5 14.9N 180.6E 41 51 216.6 55 0 10 5

86122606 6 14.9N 182.2E 21.4 134.7 353.3 55 5 0 -10

86122618 7 14.9N 182.6E 12 268.2 552.1 55 10 5 -20
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86122706 8 14.9N 182.3E 18.4 159.6 404.6 65 5 0 -15
86122718 9 15.ON 181.6E 11.6 78.2 82.8 65 10 0 -10

86122806 10 15.ON 180.8E 35.3 151.9 292.1 75 0 0 -20
86122818 11 15.2N 180.2E 8.3 158.8 362.5 80 0 -5 -15
86122906 12 16.1N 180.1E 5.8 75.3 196.1 80 5 -15 0
86122918 13 17.4N 180.4E 0 102.5 256.1 90 0 -5 35
86123006 14 19.ON 181.2E 8.3 127.1 186 90 -5 5 20
86123918 15 21.2N 182.OE 22.4 175.3 N/A 90 -5 20 N/A

86123106 16 23.6N 183.1E 36 434.2 N/A 65 0 10 N/A
86123118 17 25.ON 183.4E 44.3 N/A N/A 45 0 N/A N/A
87010106 18 25.ON 182.OE 238 N/A N/A 30 5 N/A N/A

Tropical Cyclone 05P Oh 2Ah ABh
Average 41 139 281

# Cases 16 14 11

DTG kL 8TLTI LON R FQSR 24LM A ER T WN WER 24WE 4SWE
86122800 1 14.7N 196.8E 41.8 98.3 161 30 10 15 15
86122812 2 15.3N 196.8E 17.4 168.3 418.5 35 15 20 10

86122900 3 15.9N 196.8E 26.6 170.8 432.7 45 20 15 -5
86122912 4 16.6N 196.9E 13.3 82.4 203.2 50 15 15 0

86123000 5 17.ON 197.4E 40.2 157.2 193.3 55 25 10 5

86123012 6 17.1N 198.2E 46.7 151 154.8 60 20 15 10

86123100 7 17.ON 199.OE 18.9 144.5 311.9 65 10 0 -5

86123112 8 16.4N 198.8E 11.5 72 111.3 60 15 25 20

- 87010100 9 17.2N 198.5E 45.4 42 92.3 60 15 15 15
87010112 10 17.8N 198.5E 39.9 118.3 376.1 55 15 20 10

87010200 11 18.8N 198.8E 45.4 272.2 638.3 55 10 5 0
87010212 12 19.8N 199.7E 43.5 225 N/A 50 20 5 N/A
87010300 13 20.7N 201.3E 65.6 117.9 N/A 50 15 5 N/A
87010312 14 21.8N 203.6E 83.4 129.1 N/A 50 15 15 N/A

87010400 15 23.2N 205.7E 97.8 N/A N/A 45 5 N/A N/A

87010412 16 24.8N 207.8E 29 N/A N/A 40 0 N/A N/A

Tropical Cyclone 06S 00h 2Ah Ah
Average 38 203 365
# Cases 5 4 4

AT ID.LN PLQ ER 24 RR 4 EREBI WLN WE 24AWE 4 WLE
87010712 1 7.1N 76.6E 21.6 172.7 312.1 35 -5 10 -5
87010800 2 8.ON 76.5E 24.5 287.2 460 35 0 15 25

87010812 3 9.4N 77.9E 37.5 162.8 313.5 35 0 10 10
87010900 4 10.9N 79.1E 29.7 189.4 376.3 35 10 10 -5
87010912 5 11.2N 79.7E 78.9 N/A N/A 35 0 N/A N/A

Tropical Cyclone 078 00 24h "8h
Average 24 119 194
# Cases 5 3 2

io R TIAT R BLON PO ER 24LE ALR 48FRRWN WLE 24 WE 48 WE
87011012 1 9.1N 97.5E 11.8 64.5 63.2 50 0 25 35

87011100 2 10.7N 98.2E 43 189.6 325.9 50 -5 -5 0
87011112 3 11.7N 99.OE 8.4 103.5 N/A 45 -5 -10 N/A
87011200 4 12.5N 99.3E 21.5 N/A N/A 45 -10 N/A N/A
87011212 5 12.6N 99.4E 36.5 N/A N/A 45 -15 N/A N/A
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* ~Tropical Cyclone OSP ~ A ~
Average 25 119 194

# Cases 9 7 5

* TAT W B L TLON POSER 24P ALE BT WN WW 2AWE 48WE
87011600 1 10.7N 189.OE 26.7 163 229.6 35 5 10 -25
87011612 2 10.9N 189.7E 41.7 42.6 91.4 45 0 -10 -35
87011700 3 10.7N 189.7E 21.4 115.6 291.3 55 0 -20 -15

' 87011712 4 11.8N 190.OE 24.3 120.4 265.5 70 -5 -20 15
87011800 5 13.6N 190.4E 13.1 202.1 392.2 90 -10 5 50
87011812 6 15.3N 191.4E 47.8 5.7 N/A 100 -10 15 N/A
87011900 7 17.4N 192.9E 8.3 79.8 N/A 90 -5 25 N/A
87011912 8 19.5N 194.1E 18.9 N/A N/A 70 -5 N/A N/A
87012000 9 21.5N 196.4E 28.7 N/A N/A 40 5 N/A N/A

Tzrpical Cyclone 09S 00 2Ah Ah
Average 37 188 422
# Cases 12 8 5

DTG W1 TL.TAT BTION POER ER 24P AE B T WN WW WE 4 4WE
87011618 1 13.9N 66.9E 35.5 303.9 630.7 45 -10 -10 5
87011706 2 14.8N 67.3E 13.1 249.5 619.7 55 -15 -15 15
87011718 3 15.6N 68.2E 64.7 265.7 514.3 65 -15 5 40
87011806 4 17.2N 68.9E 12 103.3 208.8 75 -15 25 35
87011818 5 19.1N 69.9E 46.4 128.3 138.8 65 0 40 20
87011906 6 20.4N 70.7E 39.8 140.5 N/A 55 -5 0 N/A
87011918 7 21.7N 71.1E 17.8 N/A N/A 40 0 N/A N/A
87012006 8 23.3N 71.2E 84.3 N/A N/A 35 0 N/A N/A
87012206 9 26.5N 63.2E 21 103.3 N/A 65 -15 15 N/A
87012218 10 29.2N 63.5E 5.2 217.4 N/A 55 5 -10 N/A
87012306 11 33.ON 66.5E 70.5 N/A N/A 55 -5 N/A N/A
87012318 12 36.8N 72.OE 36 N/A N/A 55 -15 N/A N/A

Tropical Cyclone 108 00h 24h A8h
Average 15 92 201

# Cases 6 5 4

TW TAT BTLON OSER 24 ER 48 BT WIN WKE 24 4W
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 22.1N 117.6E 11.1 N/A N/A 50 -10 N/A N/A

Tropical Cyclone 112 2Ah A8h
Average 13 17 N/A

# Cases 3 1 0

DW BZ LAT TON ROLER M LEB 48ER BTWN WWLE 24 WE 48 WE
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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Tropical Cyclone 12S Q Zb2A Ash
Average 35 138 135

# Cases 9 7 5

DTT W TLAT RT LON ROSW 2 4 ER 48 ER ST WN WW 24 WE 48E

87020100 1 15.6N 123.4E 121.5 236.3 298.6 35 0 15 20

87020112 2 16.ON 122.7E 18.3 121.3 97.1 40 5 20 35

87020200 3 16.3N 122.8E 34 77.3 42.7 40 0 0 0

87020212 4 16.5N 122.5E 13.3 69.1 46.1 40 0 0 10

87020300 5 17.5N 121.1E 5.7 66.2 193.6 45 0 0 50

87020312 6 17.8N 119.9E 72.3 275.9 N/A 45 5 5 N/A

87020400 7 17.9N 118.9E 45.7 125.4 N/A 50 0 15 N/A

87020412 8 18.ON 118.OE 0 N/A N/A 40 5 N/A N/A

87020500 9 18.2N 117.3E 6 N/A N/A 30 10 N/A N/A

* Tropical Cyclone 13P Ob 24b 48h
Average 36 139 N/A
# Cases 3 2 0

D- wt BZLL&I BIIN PO ER 24.E 48LER BT.Wl wE 24. 48 WE
87020400 1 16.ON 189.7E 46.1 91.6 N/A 40 0 15 N/A

87020412 2 16.ON 191.1E 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

Tropical Cycloe 14P 00 2Ah A8h
Average 347 101 256

- Cases 8 6 4

zm_ km BZL BZIIS RDS-M ZLER IL RT BLN WEB 2A- AILW
87020500 1 13.2N 163.3E 24.1 102 190.9 35 5 -10 -10

87020512 2 13.7N 164.3E 12 96.2 180.8 45 0 -5 35

87020600 3 14.7N 165.2E 24 92.9 243.8 65 0 0 40
87020612 4 15.9N 166.1E 18.3 64.5 409.9 70 0 25 45

87020700 5 17.ON 167.OE 13.3 68.7 N/A 75 5 45 N/A

87020712 6 18.3N 168.2E 23.6 182.3 N/A 55 25 45 N/A

87020800 7 20.2N 170.4E 43.4 N/A N/A 35 25 N/A N/A

87020812 8 22.ON 175.OE 101.8 N/A N/A 25 25 N/A N/A

Tropical Cyclxi. 15P ~b 2MA A~h
Average 27 120 369

# Cases 12 8 2

DM tWI 8T LAT BLON POSER 24 ER 48ER BT WN WW 24 WE 48WE
87020706 1 13.2N 140.3E 51.2 102.6 223.2 30 5 15 -30

87020718 2 13.2N 139.5E 41.9 146.6 N/A 35 5 -10 N/A

87020806 3 13.2N 138.6E 52.6 18.9 N/A 40 10 -15 N/A

87020818 4 13.2N 137.5E 37.8 N/A N/A 50 -10 N/A N/A

87020906 5 13.1N 136.8E 5.8 78.9 N/A 55 -10 -30 N/A

87020918 6 12.9N 136.3E 25.1 17.6 N/A 55 -15 -35 N/A

87021006 7 12.6N 136.OE 11.7 N/A N/A 60 -20 N/A N/A

87021018 8 12.3N 135.5E 5.9 205.9 514.8 60 -20 -15 5

87021106 9 13.ON 135.4E 18 282.8 N/A 65 -25 -5 N/A

87021118 10 13.9N 137.OE 24.1 106.8 N/A 60 -20 -5 N/A
87021206 11 14.9N 138.4E 18.4 N/A N/A 50 15 N/A N/A

87021218 12 15.7N 140.OE 34 N/A N/A 40 30 N/A N/A
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Tropical Cyclone 11 OOh 24h A4h
Average 67 424 N/A

# Cases 3 1 0

DTG W1 Er T AT IT LON P R 24 FR 48 R TWN WEW 2L4E 48

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 26.1N 180.8E 144.3 N/A N/A 25 5 N/A N/A

Tropical Cyclone 178 2Ah Akh
Average 51 109 227

# Cases 10 7 6

DTG W1 T LAT RT ION RQS-E 2.ER 48 FRBI WN WK 24 WE 48WE

87021106 1 21.1N 53.8E 84.2 79.7 81.1 30 5 10 5

87021118 2 21.ON 54.OE 83.8 125.1 147.9 35 0 0 5

87021206 3 20.9N 54.3E 21.2 45 131.7 35 5 5 15

87021218 4 20.8N 54.8E 18.9 95.1 285 45 10 20 15

87021306 5 20.9N 55.6E 28.7 16.4 229.5 45 10 25 25

87021318 6 20.9N 56.4E 12.7 171.4 486.9 45 5 15 15

87021406 7 20.7N 56.4E 55.1 233.7 N/A 40 10 5 N/A

87021418 8 21.1N 55.7E 119.3 N/A N/A 35 0 N/A N/A

87021506 9 22.1N 54.6E 23 N/A N/A 30 5 N/A N/A
87021518 10 23.0N 53.0E 68.7 N/A N/A 30 5 N/A N/A

Tropical cyclo 18 g ZAh A8h
Average 11 147 369
# Cases 7 6 4

DTG WI EA TLO Z M 24B ILMBT IWN WW 24WE 48WE

87022212 1 15.6N 123.OE 6 106.6 389.7 30 0 10 15

87022300 2 15.8N 121.4E 0 175.2 6812.6 35 0 5 5

87022312 3 15.8N 120.7E 8.3 178.9 317.4 40 0 5 5

87022400 4 16.2N 121.2E 29.3 198.9 427.8 45 0 0 20

87022412 5 17.2N 121.6E 16.6 29.4 N/A 45 0 -15 N/A

87022500 6 18.6N 121.2E 5.7 193.3 N/A 55 0 0 N/A

87022512 7 19.9N 121.OE 12.8 N/A N/A 55 0 N/A N/A

Tropical Cyclom 19 Qb 24h ADh
Average 5 332 N/A
# Cases 3 1 0

DT WT L AT RT LO N P O S Ea 2 4 48 E R B I TWN W W 2 4 W E 4 8 W
87022818 1 14.9N 197.9E 0 332.1 N/A 35 0 5 N/A

87030106 2 18.5N 200.OE 0 N/A N/A 35 0 N/A N/A

87030118 3 202.8E 16.3 N/A N/A 40 -5 N/A N/A

Tropical Cyclono 201 00 24h Ah
Average 47 146 286

# Cases 9 6 4

_G WI ET T OSE 2 4AER 4 8FR BT WN WWA4WE
87030112 1 13.5N 187.4E 55.5 183.9 244.3 35 0 -10 -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 193.3E 34.7 157 306.3 45 -5 -20 -25

87030312 4 20.5N 194.5E 89.6 185.4 333.6 60 -5 -15 -20

87030400 5 22.2N 195.3E 51.5 108 N/A 65 -10 -15 N/A

87030412 6 23.5N 196.5E 24.6 76.3 N/A 65 0 -20 N/A

87030500 7 24.9N 198.2E 16.2 N/A N/A 55 0 N/A N/A

87030512 8 26.2N 200.3E 36 N/A N/A 65 0 N/A N/A

87030600 9 28.1N 203.6E 36.5 N/A N/A 65 0 N/A N/A

Tropical Cyclone 21S 0Qh 24h A8
Average 47 188 307
# Cases 25 20 18

DTG Wl &TJLA T BTLQN PBQ&R 24 R 48E BTWN WWB 2tWE 4 48
a- 87030300 1 13.7N 71.5E 34.7 242.5 449.6 30 5 15 25

.. 87030312 2 13.2N 71.4E 8.4 108.9 277.2 35 10 25 25

87030400 3 12.5N 71.5E 44.8 307.4 566.7 40 10 20 25

87030412 4 13.0N 72.1E 72.6 273.2 468.5 40 15 25 30

87030500 5 13.0N 72.7E 123.4 327.6 449 40 25 30 40
87030512 6 13.5N 74.3E 62.7 282.9 493 40 20 10 0

87030600 7 13.7N 75.5E 42 288.4 431.8 40 10 10 -5
87030612 8 13.ON 75.6E 104.3 247.1 286.8 35 15 5 -20

j. 87030700 9 12.1N 76.7E 21.5 136.6 157 35 0 -5 -40

87030712 10 12.0N 76.6E 119 358.7 N/A 35 0 -25 N/A
87030800 11 12.1N 75.9E 59.2 242.1 345.7 40 -5 -35 -35

87030812 12 12.7N 75.1E 12 24.7 54.9 55 -10 -10 0

87030900 13 13.4N 74.OE 16.7 94.1 197.1 70 -10 10 0

87030912 14 14.5N 73.1E 13.3 13 136.3 70 0 0 -5

87031000 15 15.3N 72.4E 5.8 62.9 232.9 65 0 -10 -20

87031012 16 16.4N 71.9E 23.8 154.2 332.5 65 -5 -15 -15

87031100 17 17.0N 71.7E 18 115.6 279.7 65 -10 -20 -10

87039112 18 17.7N 72.OE 41.8 191.6 189.7 65 -10 -15 -15

% 87031200 19 18.8N 72.9E 61.7 202.9 188.2 65 -15 -20 -15

.- , 87031212 20 20.1N 74.4E 51.1 84.7 N/A 55 -5 -20 N/A

*.. 87031300 21 22.1N 75.3E 45.7 N/A N/A 50 -5 N/A N/A

'. 87031312 22 23.6N 74.9E 89.8 N/A N/A 50 -10 N/A N/A

-' 87031400 23 24.6N 73.9E 18 N/A N/A 45 -5 N/A N/A

87031412 24 25.5W 73.4E 63.8 N/A N/A 40 -5 N/A N/A
87031500 25 27.2N 73.5E 42.3 N/A N/A 40 -10 N/A N/A

* Tropical Cyclone 22P Q0h 24h A8h
Average 50 96 212

#Cases 7 5 3

.Th WT LAT B ON QSBR 24 PR 48 PR BTWN WWSB 24 WS 48
* 87030818 1 16.6N 163.9E 29.2 109.6 243.7 40 -5 -20 0

, 87030906 2 17.3N 163.7E 18.9 74 138 65 -10 5 35

87030918 3 17.9N 163.6E 39.9 132.5 256.1 65 0 -5 5

87031006 4 18.2N 163.7E 11.4 41.3 N/A 65 -10 0 N/A

87031018 5 18.8N 164.3E 13.3 124 N/A 55 0 10 N/A
* 87031106 6 19.5N 165.OE 22.6 N/A N/A 40 5 N/A N/A

87031118 7 20.2N 167.2E 216.2 N/A N/A 35 0 N/A N/A
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Tropical Cyclone 233 ? 2Ah ADh
' Average 25 90 166

# Cases 17 12 12

FW r TA1T BIL Q q R24P 48~ A BT ~WN WW 24W 4
87040812 1 8.6N 138.OE 5.9 109.5 120.9 35 0 10 10
87040900 2 9.3N 136.3E 16.9 67.7 111.8 40 10 15 72
87040912 3 10.3N 134.4E 21.4 59.6 158 45 10 15 10
87041000 4 11.1N 132.6E 18.9 96 123.1 45 10 15 5
87041012 5 11.2N 130.9E 38.1 110.4 125.6 45 10 10 5
87041100 6 11.7N 128.5E 18.6 66 115.2 45 10 -5 15
87041112 7 12.4N 126.2E 25.2 77.6 180.6 45 15 5 20
87041200 8 13.4N 124.2E 5.8 159.1 334.7 50 10 5 25
87041212 9 14.ON 122.8E 71.2 117.6 220.8 55 5 5 25
87041300 10 14.6N 121.4E 8.3 75.8 170.4 65 -5 20 30
87041312 11 14.9N 120.6E 5.8 69.3 177.7 55 5 5 N/A
87041400 12 14.8N 119.3E 21.4 71.5 157.9 55 -5 0 N/A
87041412 13 14.8N 117.9E 23.2 N/A N/A 45 -10 N/A N/A
87041500 14 15.1N 115.9E 8.3 N/A N/A 45 0 N/A N/A
87041512 15 15.8N 113.6E 39 N/A N/A 45 0 N/A N/A

% 87041600 16 16.6N 111.6E 54.4 N/A N/A 35 5 N/A N/A
87041612 17 18.4N 109.9E 43.7 N/A N/A 35 0 N/A N/A

Tzopical Cyclone 24S Oh 24h Ah
Average 35 209 509
# Cases 8 6 4

DMI wt LL AT I. RT A .EBS- 24...RB 48LER RI WM WWE 24W 48.W
87042300 1 27.1N 42.2E 8 122.8 486.4 45 -15 -40 -30
87042312 2 27.6N 41.6E 32 208.7 494.1 55 -20 -25 -20
87042400 3 28.5N 42.4E 51.8 339.5 633.8 70 -25 -15 -5

- 87042412 4 29.8N 44.1E 39.3 243.5 461.5 70 -5 -15 -10
, . 87042500 5 30.8N 47.5E 16.6 105.1 N/A 65 0 -5 N/A

- 87042512 6 31.3N 50.6E 31.3 238.4 N/A 60 0 0 N/A
87042600 7 31.3N 53.7E 73.9 N/A N/A 50 0 N/A N/A
87042612 8 31.ON 56.1E 31.7 N/A N/A 40 0 N/A N/A

Tropical Cyclone 25P 00h 2Ah 48h
% Average 49 136 273

# Cases 7 5 4

W TAT =_JOB ESQER 24 ER ALEB BTWN W 24WE 48WE
87042300 1 11.9N 189.6E 65.7 143.5 310.4 35 10 5 20

- 87042312 2 13.6N 190.5E 6 64.2 150.9 45 -10 -20 -10
87042400 3 15.3N 191.3E 40 107.6 322.1 55 -10 5 15
87042412 4 17.ON 192.1E 30.5 135.3 311.8 50 -5 5 10
87042500 5 19.ON 193.1E 95.5 229.6 N/A 45 5 10 N/A
87042600 6 24.ON 198.6E 30.5 N/A N/A 30 15 N/A N/A
87042612 7 26.2N 202.2E 80.3 N/A N/A 25 -5 N/A N/A
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Tropical Cyclone 26S O0h 2Ah A4h
Average 47 161 344
# Cases 5 3 1

W BT TAT T LON POSER 24 ER 48R BTWN WEW 24 48WE
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
87042600 4 14.6N 156.1 /A NA 5 10 NA /
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 N/A 35 0 N/A N/A
87042612 5 12.9N 73.9E 5.8 N/A N/A 25 5 N/A N/A

Tropical Cyclone 27P 00b 24h A4h
Average 22 93 138

#Cases 7 5 5

WG RT TA BT LON POS E 24 RR 48 ER BTN WW 24 WE 48 W

87052218 1 12.3N 159.4E 13.4 87.7 67.7 35 -5 10 20

87052306 2 13.7N 158.6E 13.1 45.8 155.7 40 -5 0 10

87052318 3 15.ON 158.1E 23.9 99.6 255.6 45 0 5 10
87052406 4 15.9N 157.5E 8.3 102.6 108.6 45 0 10 15
87052418 5 16.6N 157.1E 37.8 132.1 101.7 45 10 25 20

87052506 6 16.6N 156.8E 24.7 N/A N/A 35 5 N/A N/A
87052518 7 17.5N 156.3E 33.2 N/A N/A 30 0 N/A N/A

Tropical Cyclone 28S 0b 2Ah Ah
Average 56 194 450
# Cases 5 3 1

W T IAT _ EB LOLE APB OER TM WW 24WE 48WE
87062500 1 8.ON 87.4E 165.7 321.3 449.6 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 1B.8 N/A N/A 30 5 N/A N/A

87062700 5 9.9N 86.6E 36.5 N/A N/A 30 0 N/A N/A
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APPENDIX I

DEFINITIONS
BEST TRACK - A subjectively smoothed path, SIGNIFICANT TROPICAL CYCLONE - A tropical

versus a precise and very erratic fix-to-fix path, used to cyclone becomes "significant" with the issuance of the
represent tropical cyclone movement, first numbered warning by the responsible warning

agency.
CENTER - The vertical axis or cone of a tropical

cyclone. Usually determined by wind, temperature, and/or SIZE - The areal extent of the tropical cyclone
pressure distribution, measured radially outward from the center (e.g., radius of

the outer closed isobar).
CYCLONE - A closed atmospheric circulation

rotating about an area of low pressure (counterclockwise STRENGTH - The average wind speed of the inner
in the northern hemisphere). low-level circulation, usually measured within one to

three degrees of the center of the tropical cyclone.
. . EPHEMERIS - Position of a body (satellite) in space

as a function of time; used for gridding satellite imagery. SUPER TYPHOON (HURRICANE) - A typhoon or
Since ephemeris gridding is based solely on the predicted hurricane in which the maximum sustained surface wind
position of the satellite, it is susceptible to errors from (one-minute mean) is 130 kt (67 m/sec) or greater.
vehicle wobble, orbital eccentricity and the oblateness of
the earth. TROPICAL CYCLONE - A non-frontal, migratory

low-pressure system of usually synoptic scale developing
EXPLOSIVE DEEPENING - A decrease in the over tropical or subtropical waters and having a definite

% minimum sea-level pressure of a tropical cyclone of 2.5 organized circulation.
* mb/hr for 12 hours or 5.0 mb/hr for six hours (Holliday

and Thompson, 1979). TROPICAL DEPRESSION - A tropical cyclone in
which the maximum sustained surface wind (one-minute

a EXTRATROPICAL - A term used in warnings and mean) is 33 kt (17 m/sec) or less.
tropical summaries to indicate that a cyclone has lost its

%"tropical" characteristics. The term implies both TROPICAL DISTURBANCE - A discrete system of
poleward displacement froom the tropics and the apparently organized convection - generally 100 to 300
conversion of the cyclone's primary energy sources from nm (185 to 556 km) in diameter - originating in the
release of latent heat of condensation to baroclinic tropics or subtropics, having a non-frontal migratory
processes. The term carries no implications as to character and having maintained its identity for 12- to 24-
strength, size or intensity. hours. It may or may not be associated with a detectable

perturbation of the wind field. As such, it is the
EYE - A term used to describe the central area of a basic generic designation which, in successive stages of

tropical cyclone when it is more than half surrounded by identification, may be classified as a tropical depression,
' " wall cloud. tropical storm or typhoon (hurricane).

FUJIWHARA EFFECT - An interactior in which TROPICAL STORM - A tropical cyclone with
tropical cyclones within 700 nm (1296 km) of each other maximum sustained surface winds (one-minute mean) in

"" begin to rotate about one another. When intense tropical the range of 34 to 63 kt (17 to 32 m/sec) inclusive.
* -'.- cyclones are within about 400 nm (741 km) of each other,

they may also begin to be drawn closer to each other TROPICAL UPPER-TROPOSPHERIC TROUGH
(Brand, 1970) (Dong and Neumann, 1983). (TUTr) - A dominant climatological system (upper-level

* trough) and a daily synoptic feature, of the summer
INTENSITY - The maximum wind speed, typically season, over the tropical North Atlantic, North Pacific

within one degree of the center of the tropical cyclone, and South Pacific Oceans (Sadler, 1979).

MAXIMUM SUSTAINED WIND - Highest surface TYPHOON / HURRICANE - A tropical cyclone in
wind speed averaged over a one-minute period of time. which the maximum sustained surface wind (one-minute
Peak gusts over water average 20 to 25 percent higher mean) is 64 kt (33 m/sec) or greater. West of 180
than sustained winds, longitude degrees they are called typhoons and east of

180 degrees longitude they are called hurricanes. Foreign
RAPID DEEPENING - A decrease in the minimum governments use these and other terms for tropical

sea-level pressure of a tropical cyclone of 1.25 mb/hr for cyclones and may apply different intensity criteria.,'.-.,24 hours (Holliday and Thompson, 1979).
..4, hWALL CLOUD - An organized band of cumuliform

RECURVATURE - The turning of a tropical cyclone clouds immediately surrounding the central area of a
from an initial path toward the west or northwest to a path tropical cyclone. The wall cloud may entirely enclose or
toward the northeast. partially surround the center.
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APPENDIX I

NAMES FOR TROPICAL CYCLONES

Column 1 Column 2 Column 3 Column 4

ANDY ABBY ALEX AGNES
BRENDA BEN BETTY BILL
CECIL CARMEN CARY CLARA
DOT DOM DINAH DOYLE
ELLIS ELLEN ED ELSIE
FAYE FORREST FREDA FABIAN
GORDON GEORGIA GERALD GAY
HOPE HERBERT HOLLY HAL
IRVING IDA IAN IRMA
JUDY JOE JUNE JEFF
KEN KIM KELLY KIT
LOLA LEX LYNN LEE
MAC MARGE MAURY MAMIE
NANCY NORRIS NINA NELSON
OWEN ORCHID OGDEN ODESSA
PEGGY PERCY PHYLLIS PAT
ROGER RUTH ROY RUBY
SARAH SPERRY SUSAN SKIP
TIP THELMA THAD TESS
VERA VERNON VANESSA VAL
WAYNE WYNNE WARREN WINONA

NOTE:
Names are assigned in rotation, alphabetically. When the last name (WINONA) has been used, 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
can be obtained through:

National Technical Information Service
5285 Port Royal Road

Springfield, Virginia 22161

Refer to the following acquisition numbers when ordering:

YEAR ACQUISITION NUMBER

1959 AD 786147
1960 AD 786148
1961 AD 786149
1962 AD 786128
1963 AD 786208
1964 AD 786209
1965 AD 786210
1966 AD 785891
1967 AD 785344
1968 AD 785251
1969 AD 785178
1970 AD 785252
1971 AD 768333
1972 AD 768334
1973 AD 777093
1974 AD 010271
1975 AD A023601
1976 AD A038484
1977 AD A055512
1978 AD A070904
1979 AD A082071
1980 AD A094668
1981 AD A112002
1982 AD A124860
1983 AD A137836
1984 AD A153395
1985 AD A168284
1986 AD A184082
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'The Black Swan insignia of the 54 U4ZS Typhoon

Chasers is included in dedication to the squadron's
forty-three year's of support to the tropical cyclone
forecast and warning mission. The nature and extent
of their involvement with the USPACOM tropical
cyclone warning system is best described by their last

Commander, Lt. Col. Don H Owen, during his 1987
'Tropical Cyclonc Conference briefing, 'As we
deactivate on 1 October, we will not be flying with
you, literaly, but our hearts and wishes for successful

typhoon forecasting remain with you in the future.

0

1 ..

1WI

Lookinq across the starboard wing and outboard engine of the 54th Weather Prconnaissance Squadron (54
. 'tR.5 W4'C 130 aircraft, the camera captures a section of the spectacular inner waif of Typhoon Wynnes (07W) eye.

'The tight curVature of the eye waif cloud shows across the top of the image. (he pentagons near the center of the

p&,tograph are due to sunlight glare off the tens diaphragm of the camera.) At the time the picture was taken,
N. 2tO00 IOZ luly 1987, the aircraft reconnaissance mission (AF8610507 WYNE) was fting the eye over the Philippine

Sea, 250 nm (463 kim) north of Guam and48 nm (89 km) west of the islandof Pagan in the northern Marianas. 7re
circular eye diameter was 16 nm (30 kn) and the minimum sea-f velpressure at that time was 922 mb (Photo courtesy

of'J'etachment 3, Ist Weather l"Ing and Kfnneth W Pese, Captain, USAF).
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