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The Annual Tropical Cyclone Report is
prepared by the Staff of the Joint Typhoon
Warning Center (JTWC). JTWC is a combined
USAF/USN entity operating under the command
of the U. S. Naval Oceanography Command Cen-
ter, Guam. The senior Air Force Officer as-
signed is designated as Director, JTWC and is
responsible to the Commanding Officer, U.S.
Naval Oceanography Command Center, Guam for
the operatio., of the JTWC. The senior Naval
Officer of the JTWC is designated as the Dep-
uty Director/Operations Officer. The JTWC
was established by CINCPACFLT message 2802082
April 1959 when directed by CINCPAC message
2302332 April 1959. Its operation is guided
by the CINCPACINST 3140.1 (series).

The Naval Oceanography Command Center/
Joint Tynhoon Warning Center, Guam has the
responsipility to:

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

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

3. Determin~ tropical cyclone re-
connaissance requiremen. and assign prior-
ities.

4. Conduct an annual post-analysis
of all tropical cyclones cccurring within the
JTWC area of responsibility and prepare an An-
nual Tropical Cyclone Report for issuance to
interested agencies. Only summaries and sta-
tistics for Northern Hemisphere tropical cy-
clones are included in this report.

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

NOTE: Appendix 4 contains information
on how to obtain past issues of
the Annual Typhoon Report.

FOREWORD

In the event of incapacitation of the
JTWC, the Alternate JTIWC (AJTWC) assumes res-
ponsibility for issuing warnings. The U. S.
Naval Western Oceanography Center, Fearl Har-
bor, Hawaii is designated as the AJTUC. As-
sistance in determining tropical cyclone
reconnaissance requirements and in obtaining
reconnaissance data is provided by Detachment
4, lst Weather Wing, Hickam AFB, Hawaii.

The meteorological serxvices of the
United States are planning to implement the
metric system of measurement over the next
few years. Some civilian and military agen-
cies have started the education program by
showing the metric equivalients to current
units of measure. This Annual Tropical Cy-
clone Report includes metric equivalents to
most measures.

Unless otherwise stated, all satellite
data used in this report are Air Force Air
Weather Service data acquired by Air Force
Communications Command personnel and analy-
zed by satellite analysts at Det 1, 1WW, co-
located with the JTWC at Nimitz Hill, Guam;
Det 5, IWW, Clark Air Base, Philippines; Det
8, 30WS, Kadena Air Base, Japan; Det 15,
30WS, Osan Air Base, Korea; Det 4, 1lwWW, Hick-
am Air Force Base, Hawaii; and Air Force
Global Weather Central, Offutt Air Force
Base, Nebraska. The Naval Oceanography Com-
mand Detachment, Diego Garcia, also provided
timely satellite position fixes for tropical
disturbances in the Arabian Sea and Bay of
Bengal.

The Staff of JTWC is indebted to Captain
Thomas R. Murray, USN and Captain Jesus B.
Tupaz, USN, for the many valuable suggestions
and comments provided during preparation of
the 1980 annual Tropical Cyclone Report.

The staff of the Joint Typhoon Warning
Center wishes to thank the men and women of
the Fleet Air Photographic Laboratory, Naval
Air 3tation, Agana for their services in the
reproduction of the satellite data for this
report.
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1. GENERAL

Routine services provided by the Joint
Typhoon Warning Center (JTWC) include the
following: (1) Significant Tropical Weather
Advisories issued daily describing all tropi-
cal disturbances and their potential for fur-
ther devolopment; (2) Tropical Cyclone Forma-
tion Alerts issued whenever interpretation cof
satellite, synoptic and/or aircraft data in-~
dicates likely formation of a significant
tropical cyclone; {3) Tropical Cyclone Warp-
ings issued four times daily for significant
tropical cyclones; and (4) Prognostic Rea-
soning messages issued twice daily for tropi-
cal storms and typhoons in the Pacific area.

JTWC responds to changing requirements
of activities serviced. Therefore, contents
of routine services are subject co change
from year to year usually as a rusult of de-
liberations at the Tropical CyClone Confer-
ence.

2. DATA SOURCES
a. CONPUTER PRODUCTS:

The Naval Oceanography Command Cen-
ter (NAVOCEANCOMCEN) Guam provides computer~
ized meteorological/cceanographic products
for JTWC. 1In additiown, the standard array of
synoptic-scale computer analyses and prognos-
tic charts are available from the Fleet Nu-
merical Oceanography Center (FLENUMOCEANCEN)
at Monterey, California. With the installa-
tion of the Naval Environmental Display Sta-
tions (NEDS) during 1978, JTWC now has very
tizmely access to FLENUMOCEANCEN products and
is able to more efficiently and effectively
use these products.

k. CONVENTION L DATA:

Conventional meteorological data are
defined as surface and upper-air observations
from island, ship and land stations plus wea-
ther observations from commercial and mili-
tary aircraft (AIREPS). Conventional data
charts are prepared daily at 00002 and 12002
for the surface/gradient, 700 mb, and 500 mb
levels. A chart of upper-air data is pre-
pared which utilizes 200 mb rawinsonde data,
AIREPS above 29,000 ft within 6 hours of the
00002 and 12002 synoptic times, and satellite
blow-off winds.

c. AIRCRAFT RECONNAISSANCE:

Aircraft weather reconnaissance data
are invaluable in the positioning of the cen-
ter of developing systems and essentizl for
the accurate determination of the eye/cunter
location, maximum intensity, minimunm cea-
level pressure and radius of significaat
winds exhibited by tropical cyclones. 7inds
and pressure-height data at the 500 and.or
400 mb level, provided by reconnaissance
aircraft while enroute to, or returning from,
fix missions, are alsc used to supplement the
sparse data in the tropics and subtropics.
These data are plotted on large-scale sec-
tional charts for each mission flown. A com-
prehensive discussion of aircraft weather
reconnaissance is presented in Chapter II.

CHAPTER I - OPERATIONAL PROCEDURES

d. SATELLITE RECONNAISSANCE:

Meteorological satellite data from
the Defense Meteorological Satellite Program
{DMSP) and the National Oceanic and Atmo-
spheric Administration played a major role
in the early detection and tracking of trop-
ical cyclones in 1980. A discussion of this
role is presented in Chapter II.

e. RADAR RECONNAISSANCE

During 1980, as in recent years,
land radar coverage was utilized extensively
when available. Once a storm moved within
the range of a land radar site, reports were
usually received hourly. Use of radar dur~
ing 1980 is discussed in Chapter II.

3. COMMUNICATIONS

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

(1) The Automated Digital Network
(AUTODIN) is used for dissemination cf warn-
ings and other related bulletins to Depart-
ment of Defense installations. These mes-
sages are relayed for further transmission
over U. S. Navy Fleet Broadcasts, U. S. Coast
Guard CW (continuous wave morse code) and
voice communications. Inbound message traf-
fic for JTWC is received via AUTODIN ad-
dressed to NAVOCEANCOMCEN GUAM.

(2) The Air Force Automated Weather
Network (AWN) provides weather data to JTWC
through a dedicated sircuit from the auto-
mated Digital Weather Switch (ADWS) at Hickam
AFB, Hawaii. The ADRS selects and routes the
large volume of meteorological reports nec-
essary to satisfy JTWC requirements for the
right data at the right time. Weather bul-
letins prepared by JTWC are inserted into the
AWN circuit via the NEDS and the Nimitz Efll
Naval Telecommunication Center (NTCC) of the
Naval Communications Area Master Station
Western Pacific.

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

». Besides providing forecasters with
the ability to rapidly access computer pro-
ducts, the NEDS has become the backbone of
the JTHC communications system. The KEDS
has a direct interface with the AWN. Manual
insertion of paper tapes into the AWN by the
NTCC provides a backup AwWN interface. AUTO-
DIN message tapes are prepared by JTWC per-
sonnel on the NEDS for insertion into the
AUTODIN circuit by NTCC. The NELS is also
used by the Typhoon Duty Officer (TDO) tc
request forecast aids which are processed
by the computers at FLENUMOCEANCEN Monterey
and transmitted back to the TDO over the
NEDN circuit.

il

T

L

Iy g

o  emeohinr it b s




T ——.

T A i e

oy,

Sup e b h . -0

I

2

g w0
-

Peoanl Py

-
O i an e

- e

e

Y
i
H

4. ANALYSES

A composite surface/gradient level (3000
f£t) manual analysis is accomplished on the
00002 and 1200Z conventiona: data. Analysis
of the wind field using streamlines is
stressed for tropical and subtropical re-
gions. Analysis of the pressure field is
stiessed for higher latitudes and in the
vicinity of tropical cyclones.

Manual aralysis of the 500 mb level is
accomplished on the 00002 and 12002 data. Al-
though the analysis of the 500 mb heigat
field is important, knowledge of the wind
field to more clearly delinecate steering cur-
rents is egqually important.

n composite upper-tropospheric manual
analysis, utilizing rawinsonde data frem
300 mb through 100 mb, wind directions 2x-
tracted from satellite data by Det i, 1wW
and AIREPS (plus or minus 6 hours) at or
above 29,000 feet is accomplished on 00002
and 12002 data dzily. Wind and height data
are used to arrive at a representative anal-
ysis of tropical cycione outflow patterns,
of steering currents and of areas that may
indicate tropical cyclone intensity change.
All charts are hand plotted over areas of
tropical cyclone activity to provide all
available data as soon as possible to the
TDO. These charts arz augmented by the com-
puter-plotted charts for the final analyses.

Additional sectional charts at intnrme-
diate synoptic times and auxiliary chasts
such &s station-time piot diagrams anc pres-
sure-change charts are also analyzed during
periods of significant tropical cyclone acti-
vity.

5. FORECAST AIDS

a. CLIMLTOLOGY:

Climatological publications utili-ed
during the 1980 typhoon season include pre -
ous JTWC Annual Typhooi Peports and climatic
publicaticns from local sources, Naval Envi-
ronmental Predicticn Research Facility, Naval
Postgraduate Schoel, Air Weather Service,
First Weather Wing ana Chanute Technical
Training Center. Publications from other Air
Force and Navy activities, various universi-
ties and foreign countries are also used by
the JTWC.

b. OBJECTIVE TECHRIQUES:

The following objective techniques
were employed in tropical cyclone forecasting
during 1980. A description of these techni-
Jues is presented in Chapter 1IV.

{1) 12 HR EXTRAPOLATION

(2) CLIMATOLOGY

{(3) HPAC (Combined extrapolation
and climatology)

{4} TROPICAL CYCLONE MODEL (by-
namic)

(5} CYCLOPS (Steering}

{6) TYAN78 (Analog)

6. FORECASTING PROCEDURES
a. INITIALIZATION:

In the preparation of each warning,
the actual surface location (£ix) of the
tropical cyclone eye/center just prior to
(within three hours of) warning time is of
prime importance. JTWC uses the Selective
Reconnaissance Progra2m (SRP) to levy an op-
tinum mix of aircraft, satellite and radar
resources to obtain fix information. W®When
tropical cyclones are either poorly defined
or the actuul surface location cannot be de-
termined, or when conflicting fix information
is received, the "best estimate” of the sur-
face location is subjectively determined from
the analysis of all available data. If fix
data are not available due to reconnaissance
platform malfunctions or communication prob-
lems, syncptic data or extrapolation from pre-
vious fixes are used. The initial forecast
(warning time) pocition is then obtained by
extrapolation using the current fix and a
"best track® of the cyclone movement to date.

b. TRACK FORECASTING:

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

(1) The prospects for recurvature
are evaluated. This evaluation is based pri-
marily on present and forecast positions and
amplitude of middle tropospheric mid-lati-
tude troughs from the latest 50¢ mb analysis
and numerical prognoses.

{2) Determination of sieering level
is partly influenced by maturity and vertical
extent of the system. For mature cyclones
located south of the 500 mb subtropical ridge,
forecast changes in speed of movement are
closely correlated with forecast changes in
the intensity of the ridge. When steering
currents are very weak, the tendency for cy-
clones to move northward due to their inter-
nal forces is an important consideration.

(3) The proximity of the tropical
cyclone to other tropical cyclones is eval-
uated to determine if there is a possibility
of Fuiiwhara interacticn.

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

(5) A firal check is made against
climatology 0 determine the likelihood of
the forecast track. If the forecast deviates
greatly from climatology, the forecast ra-
tionale is reappraised and the track adjusted
&S necessary.

¢. INTENSITY FORECASTING:

In forecasting intensity, heavy re-
liance is placed on aircraft reconnaissance
reports, the Dvorak satellite interpretation
model, wind and pressure data from ships and
land stations in the vicinity of the cyclone,
and the objective technigues. Additjonal
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considerations are the position and intensity
of the tropical upper-tropospheric trough
{(TUTT), extent and intensity of upper-levei
outflow, sea-surface temperature, terrain in-
fluences, speed of moverent and proxinity to
an extratropical environment.

7. WARNINGS

Tropical cyclone warnings are issued when
a definite closed circulation is evident and
maximum sustained wind speeds are forecast to
increase to 34 or more knots within 48 hours,
or the cyclone is in such a position that
life or property may be endangered within 72
hours. Warnings are also issued in other
situations if it is determined that there is
a need to alert military and civil interests
to conditions which may become hazardous in
a short perioc of time. Each tropical cy-
¢lone warning .s numbered sequentially and
includes the¢ initial warning time, eve/center
position, inteasity, the radial extent of 30,
50 and 100 knot surface winds (when applica-
ble), the levied reconnaissance platformused,
the instantaneous speed and direction of move-
ment of the cyclone's surface center at warn-
ing time and the forecast information. The
forecast intervals for all tropical cyclones,
regardless of intensity, are 12, 24, 48, and
72 hr. Warnings within the JTWC North Paci-
fic area are issued within two hours of 00002
06002. 12002 and 1800Z with the constraint
that -wo consecutive warnings may not be more
than seven hours apart. Warnings in the JTWC
North Indian Ocean area are issued within two
hours of 0200z, 08002, 1400z, and 2000Z with
the constrazint that two consecutive warnings
may not be more than seven hours apart. These
variable warning ti: »s allow for maximum use
of all available recrnnaissance platforms and
more effectively dis ributes the workload in
multiple cyclone situctions. If warnings are
discontinued and a cyclone reintensifies,
warnings are numbered consecutively from the
last warning issued. Warning forecast posi-
tions are verified against the corresponding
post-analysis "best track”™ positions. A sum-
mary of the verification results from 1580 is
presented in Chapter IV.

Beginning on 1 January 1980, JTWC com~
menced issuing tropical cyclone warnings in
an ADP (Automatic Data Processing) format.
The new format allows commands with ADP
eguipnment to enter tropical cyclone warning
data directly into ADP equipment data bases.
The new format also possesses readability.for
users without ADP equipment.

8. PROGNOSTIC REASONING MESSAGE

In the North Pacific area, prognostic
reasoning messages are transmitted based on
the 0000Z and 12002 warnings or whenever the
previous reasoning is no longer valid. This
plain language message is intended to pro-
vide users with the reasoning behind the
latest JTWC forecast. Prognostic reasoning
messages are not normally prepared for tropi-
cal depressions nor for cyclones in the North
Indian Ocean area.

For the 1980 season, JTWC included con-
fidence statements for the 24- and 48-hour
forecasts. The confidence values were per-
centage probabilities that the 24-~hour fore-
cast position error wouvld be less than 100 nm

and less than 150 nm, respectively, and that
the 48-hour error would be less than 200 nm
and less than 300 nm, respectively. These
probabilities were based on objective data
f£rom error analysis studies of past cyclones
and were a function of latitude, longitude,
storm intensity, organization and the number
of western Pacific cyclones in cxistence.

Prognostic reasoning information appli-
cable to all custcmers is provided in the
remarks section of warnings when significant
forecast changes are made or when deemed
appropriate by the TDO.

9. SIGNIFICANT TROPICAL WEATHER ADVISORY

This plain langvage message, summarizing
significant weather in the JIWC area of re-
sponsibility, north of the equator, isissued
by 06002 daily. It contains a deta*” 3, non-
technical descriptior of all significant
tropical disturbances and the JTwC evaluacion
of potential for sigaifitant tropical cyclone
development within the 24-hour forecast
period.

10. TROPICAL CYCLONE FORMATION ALERT

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

The Joint Typhoon Warning Center depends
on reconnaissance to provide necessary, ac-
curate, and timely m2teorological informa-
tion in support of each warning. JTWC
relies primarily on three sources of recon-
naissance: aircraft, satellite, and radar.
Optimum utilization of all available recon-
naissance resources is obtained through use
of the Sclective Reconnaissance Program (SR?P),
whereby various factors are considered in
selecting a specific reconnaissance platform
for each warning. These factors inciude:
cyclone location ané intensity, reconnais-
sance platform capabilities and limitations,
and the cyclone's threat to life/property
afloat and ashore. A surmmary of reconnais-
sance fixes received during 1980 is included
in Section 6.

2. RECONNAISSANCE AVAILABILITY

a. Aircraft:

hircraft weather reconnaissance is

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

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

(2) supplementary fixes.

{3) Synoptic data acquisition.*™

As in previous years, aircraft recon-—
naissance provided direct measurements of
height, temperature, flight-level winds, sea
level pressure, estimated surface winds (when
observable), and numerous additional para-
meters. The reteorological data are gathered
by the Aerial Reconnaissance Weather Officers
{ARWO) and dropsonde operators of Detachment
4, Hg AWS who fly with the 54th. These data
provide the Typhoon Duty Officer {TDO) indi-

CHAPTER I - RECONNAISSANCE AND FIXES

cations of changing cyclone chiaracteristics,
radius of cyclone associrated winds, and pre-
sent cyclone position and intensity. Another
important aspect of these data is their avail-
ability for research in tropical cyclone
analysis and forecasting.

b. Satellite

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

Detachrent 1, 1st Weather Wing, which
receives and processes polar orbiting satel-
lite cata, is the primary fix site for the
western North Pacifiec. Satellite fix posi-
tions received at JT®C frum the Alr Force
Global wWeather Central (AFGWC), Offutt Air
Force Base, Nebraska and the Naval Oceano-
graphy Command Detachment at Deigo Garcia
were the major sources of satellite cdata for
the Indian Ocean. GOES fixes were also pro-
vi'sd by the XNaticral Envircnmental Satel-
lite Service, Honolulu, Hawaii for tropical
cyclones near the datelire.

c. Radar

Lané radar provides positioning data
on well developed cyclones when in proximity
(usually within 175 n= (324 kxm) of the racdar
site) of the Republic of the Philippines,
Taiwan, Hong¢ Kong, Japan, the Republic of
Korea, Kwaialein, and Guanm.

d. Synoptic

In 1980, the JTWC also deterxmined
tropical c¢yclione positions based on the
analysis of the surface/gradient level syn-
optic data. These positions were helpful
in situations where the vertical structure
of the tropical cyclone was weak or accurate
surface positions from aircraft were not
available due to flight restrictions.

3. AIRCRAFT RECONNAISSANCE SUMMARY

During the 1980 tropical season, the
JTWC levied 213 six-hourly vortex fixes and
%3 investigative missions. In addition to
he levied vortex fixes, 133 supplemental
fixes were also cbtained. The nucber of
levied investigative missions has increaseé
sceadily over the past flve years in re-
sponse to JTRC's increased efforts to detect
initial tropical cyclone cevelopment. The
average vector error for all aircraft fixes
received at the JTWC during 1980 was 17 n=
{31 kn).
Alircrart reconnaissance effectiveness is
sum=arized in Wable 2-1 using the criteria
2s set forth in CINCPACINST 21:0.1N.
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processed at AFGHC is recorded on-board the
spac :craft as it passes over the earth. Later
these céata are downlinked to ATGWC via a net-
work of command/readout sites and cozmunica-
tions satellites. This enables AFGRC to
obt2in the coverage necessary to fix all
cyclones of interest to ITWC. AFGWC has the
prizary responsibility to provide cyclone

TiKe 19 9.2 surveillance over the entire Indian Ocean, a
2.3 s=2all portion of the western XNorth Pacific
6.6 near the dateline, as well as the South Paci-
1.9 fic from the dateline westward to the Indian

Ocean. Additionally, AFGHC can be tasked to
provide storm positicas in the western Nortd

Pacific as backup to the tactical site cover-
age routinely available in this region.

The threaé that ties the network together
is Det 1, 1WH colocated with JTWC atop Nimitz
#ill, Guam. Based on available satellite
coverage, Det 1 coordinates satellite recon-
naissance reguirements with JTWC and tasks
the incividual network sites for the neces-

LEVIED VE. XISSED FINLS

&
i&.'
4
8
i

i

AVERASE 1255-197) 557 2 z.
RVERASE 1365 o So3 éx Te sary storm fixes. The tasking concept is to
1973 23 1%% 25,2 position every cyclone or éisturbance once
1973 227 13 5.7 from each satellite pass that covers the cy-
1972 58 1 8.3 clone. Further, when a satellite positicn
1975 217 7 3.2 is required a2s the basis for a warning, called
197% EH 11 3.5 a levied fix, a dual-site tasking concept is
1977 =2 b 1.5 spplied. Under this concept, two sites are
2.7 tasked to fix the cyclone off the same satel-
2.8 lite pass. This provides the necessary re- g
i.? dundancy to virtually guarantee JTWC a
successful satellite fix of the cyclone.
Using this dual-site concept, the satelliit
reconnaissance network was able to Deet
§ perceat of JIWC's levied satellite fix re-
4. SATELLITE RECONNAISSANCE SUMMARY guire=ents. This year, dual-site tasking was
. extended to =ost of the Indian Ocean with the
The Air Force provides satellite reccon- aédition_of thg Havy site at Siego Garcia to
naissance suppert to JTWLS using imagery data the tactical site network. Previously, dual-
. fro= DMSP and NOAR polar-orbiting spacecraft. site tasking was available only in the western
: The XChAA imagery processing capability was Xorth Pacific.
E : new for DMSP tactical site operations during
= 3 1980. wWestern North Pacific DMSP taciical The network provides JT#C with several
= sites received this additional capability in products ancé services. The =ain service is
February 1980 in sufficient time for the one of surveillance. With the exception of
= Xorthern Hemisphere tropical cyclone season. Osan, eich site reviews its daily coversge
for any indications of development. 1If an
. The DHSP cyclone surveillance network area shows indications of development, JTEC -
= R coasists of both tactical and centralized s notified. Once JTWC issues either an B
= facilities. Tactical DMSP sites are locates zlert or warning, the network is tasked to
. at MNimitz Hill, Guax; Clark AB, Philippines; Frovide thres products: cyclone positions, :
i N Kadena AB, Japan: Osan A3, Rorea; and Hickam cyclone intensity estimates, and 24-hour cy- :
’ ) AFB, Hawaii. These sites provide a cocbined clone intensity forecasts. Satellite cy- .
i coverage that covers the JTWC area of yes- clone positions are assiqneé pesition code :
= . . ponsibiiity in the western Xorth Pazific from numbers (PCHN} depending on the availability
? near the dateline westward to the Malay Pen- of geography for precise gridding anéd th
= ; - insula. An important addition in 1980 was degree of organization of the cyclone's cir-
= i the Navy tactical site at Diego Garcia. Ua- culation center (Table 2~2}. During 1980,
= . - like the DMSP sites, Diego Garcia can process tke network provided JIWC with 1327 satellite
r only HOAA polar-orbiting meteorologicai space- fixes of tropical cyclones. A co=parisoxz of
= - craft. However, the unigue coverage of this those fixes made on nu=bered tropical cy-
= ) ) site, located in the central South Indian clonc: with their corresponding JTKC best
H: ~ Ocean, greatly expanded the satellite recon-
= fg H naissance network‘'s coverage of this wvital
7 H area. Prio- to 1980, the J7WC had to depend —a —2. o -
_:3 K entirely on the &ir Force Gloual Weather Cen- TABLE 2-2 POSITION CODE NLMBERS
] : tral (AFGWC) for all Indian Ocean cyclone re- BCX HETHOD OF CENTER DETERMINATION/GRIDDING
= {H 3 N connaissance. i
Y ATGWC is the centralized mexber of the gggf%ﬁ

satellite cyclone surveillance network. Lo-
E cated at Offutt AFB, Nebraska, AFGWC has the
capability to process the daily worldwide
coverage of two polar-orbiting spacecraft,
whzther DMSP or XOARA. This enables AFGHC to
provide coverage four times daily over the
entire JTWC area of responsibility. I=agery

WELL DEFINED CC/GEOGRAPHY
WELL DEFINED CC/EPHEMERIS
POORLY DEFINED CC/GEOGRAPHY
POORLY DEFINED CC/EPHEMERIS

CC=Circulation Center
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MEAN EVIATIONS (M) OF DMSP, NOAxE, AND TIROS X
CERIVED TROPICAL CYCLOXE PCSITIONS FalM JTWC BEST
TRACK POSITIONS. XUM3IER OF CASES IN PARENTHESIS.

KESTPAL KESTPAC INDIAN OC=2N

$574-1975 AVERAGE 1980 198
PCE {ALL SITES) {ALL SITES} {ALL SITES)
1 13.5 (133} 12.2 { 76 -
2 13.3 L 67 16.2 { 13} - o
= 3 20.6 1282} 20.4 (153} -
L 25.0 { 96} 12.9 { 11} - -
5 3.3 (207) 39.2 (318; BT M
= 3 6.2 (197 33.3 ¢ 813 3.8 (123
E - -
(250) 12.8 { 23} -
= 388 21,5 (373 3199 (163} -
556 3.3 (60} 31,0 (339} 41.5 (20}
] § track positions is shown in Table 2-3. Es- craft became available this year. At the :
i tirates of the cyclone's curreat intensity first of the year, three spacecraft were )
i and a 24-hour intensity forecast are r~ade fully operational: OMSP FIV 13535 (F-2) in
i once each day by applying the Dvorak tech- a mid-=orning orbit, NOAA-6 in a sunrise or-
i nique (NOAA Technical Me=orandum NESS 45 as_ bit, and TIROS-X in a nid-afternoon orbit. -
H revised] to daylight visual data. Figure 2-% Further, the D#SP spacecraft FIV 15339 (F-4)
: co=pares these current intensity and fore- was cperational for late =orning passes caiyw. -
cast intensities with the ohserved cyclone Subseguent fax.luxgs rapidly cdecizates these :
N intensities for the 1980 storm season. Sat- ranks. TIROS-R first failed in late Janmary, .
ellite-derived cycleone positions, intensity was recovered in February, but failed for
estinates, and intensity forecasts constitute good in early Novesber. However, TIROS-X .
) the satellite portion of the JTHC forecast was operaticnal for sost of the Northera
: ta base. Bexisphere tropical cyclone season. F-2
failed in February and F-4 failed in August.
The availability of polar-orbiting =ete- F-3 {FZ¥ 14337} failed i=itially in Decester
orological satellites Jeclined gduring the 1579 but was partially reccvered in April =
H year as spacecraft failures plagued the net— 1980. uhile F-3's coverags was limited to the
work. Two scheduled launches, one DMSP and center 30 percent of the vistal Imagery omiy.
. one NOAR, encounterad launch vehicle problens its ascen:‘.i:r;_ {daylight) coverage wis fulily
that resuited in the failure of the platforms incorporated into surveillance network oper—
to achieve orbit. Therefore, no nevw space- ations, parcicularly to support the JTHC
+1.5
% ”
o g o/ 2 b4
: +1.0 3 AEERE T | !
‘ g \ /' 1 \\ : E
H 1 : E
~ = } \
z — , LY E
: Tes I N A E
4 ~— "~ I I =
i - ~ 7 W =
* ¥ ] ] | 3
: £
E '5 o ! } %
Qa 1 1 E
§ =
3
-5 E
-10 " c
1 2 3 4 5 6 7 E
CIFH ESTIMATES  (T-NUMBER) .

FIRSE {-1. DRURAK (avtent Intetily (CT) eswoss and Foszeast Infensily [FIE zespes
fos 1980 {116 eases). Companisces awt made agsinst the best {a2ek infemsity volmes,
ir =xfick the CI's sz ased aleey xifh sitesail seocmeaissaese dafz fo Sefesmine he
8238 fack inlemsifics. [Stoxxizk zzf ¥eis, 1988)
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000072 warning. Therefore, by the end of the
season, the only fully operational polar-
orbiting spacecraft was NOAA-6.

Besides fiv~s from the network, JTWC alsc
received sat. 1 e-derived cyclone positions
from several secondary sources during 1980,
These included: the Naval Oceanography Com-
mand Detachment (NOCD) Cubi Point, Philip~
pines; U. S. Navy ships equipped for direct
readout; the National Environmental Satel-
lite Service (NESS) using NOAA and “2ES data
and the Naval Polar Oceanography Center,
Suitland, Maryland using stored-DMSP and
NOAA data. Fixes from these secondary

sources are not included in the network
statistics.

5. RADAR RECONNAISSANCE SUMMARY

Ten of the 28 significant tropical
cyclones occurring over the western North
Pacific during 1980 passed within range of
land based radars with sufficient cloud
pattern organization to be fixed. The
hourly and oftentimes, half-hourly land
radar fixes that were obtained and trans-
mitted to JTWC totaled 413,

The WMO radar code defines three cate-
gories of accuracy: good (within 10 km
(5.4 nm)), fair within 10-30 km {5,4-16.2
nm)), and poor {withan 30-50 km (16,2-27
nm)). This year, 413 radar fixes were
coded in this manner; 147 were good, 153
fair, and 113 poor. Compared to the JTWC
best track, the mean vector deviation for
land radar sites was 15 nm (28 km). Ex~
cellent support through timely and accurate
radar fix positioning allowed JTWC to track
and forecast tropical vclone movement

through even the most «ifficult and erratic
tracks.

The 54 WRS made 2 radar center fixes
from their WC-130 aircraft when actual trop-
ical cylone penetration was restricted. No
radar fixes were received on Indian Ocean
tropical cyclones.

6. TROPICAL CYCLONE FIX DATA

A total of 2134 fixes on 28 northwest
Pacific tropical cyclones and 35 f£fixes on
2 northern Indian Ocean tropical cyclones
were received at JTWC. Table 2-4, Fix Plat-
form Summary, delineates the number of fizes
per platform for each individual tropical

cyclone. Season totals and percentages are
also indicated.

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

Within each category, the first three columns
are as follows:

PIX NO. - Sequential fix number

TIME (2) ~ GMT time in day, hours and
minutes

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

et

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

a. Satellite

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

TABLE 2-5  MAXIMUM SUSTAINED WIND SPRED (KT™ AS A FUNCTICN CF DVORAK T MUMRER

AND KINIMUM SEA LEVEL TRESSURL (MSLP)

TROPICAL CYCLONL

HSLP
INTENSITY, N prmy e

T
T
T
T
T
T
T

T

T
T
T
-

R R g
BMOPOVOEOEOBI O

{(2) DVORAK CODE - Intensity evalua-
tion and trend utilizing visual satellite
data. (For specifics, refer to NOAA TM;
NESS-45) (Table 2-5).

o
S
§ 5 5
2
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x ¥ 22 <>‘E§ & S% Py
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e 9 & PLUS D < &
T()/()MINUS/S ()/()hrs

LEAVE W

EXAMPLE:  T5/6 MINUS/W1.5/24hrs.

(3) SAT - Specific satellite used
for fix position (DMSP 37 or 39, TIROS-N,
NOAA6, Other, or Geostationary Operational
Environmental Satellite (GOES, 135W)).

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

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

b. Aircraft

(1) FLT LVL - The constant pressure
surface level, in mb, maintained during the
penetration. Seven hundred mb is the normal
level flown in developed cyclones due to tur-
bulence factors. Low-level missions are
flown at 1500 ft,

(2) 700 MB HGT - Minimum height of
the 700 mb pressure surface within the voitex
recorded in meters.
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TABLE 2-4 FIX SUMMARY FOR 1980

FIX SUMMARY

OTHER
AIRCRAFT DMSP NOAA6 TIROS-N GOES3 SAT SYNOPTIC

WESTERN PACIFIC

-
A Y

%8
=
P4
o
)

CARMEN
DOM
ELLEN
FORREST
GEROGIA
HERBERT
IDA

JOE

10

KiM

LEX
MARGE
14
NORRIS
16
ORCHID
RUTH
PERCY
SPERRY
THELMA
VERNON
WYNNE
ALEX
BETTY
CARY
DINAH
ED

"

<
g [ Nl [ R R™
WOV &

.- o

- -
FLNS I ANOWWUOWNWWHWINGRI WREBDWI

™
Ts
T5
Ts
15
T
TD
8T
TY
T
k1Y
ks
™
TY
TY
kied
Y
T8
™
ST
Ts
Y
TS
™
T8

o
1T W Wbt Wl N

H TOTAL 366 214

* OF TOTAL
NO. OF FIXES 17.1 10.0

* INCLUDES 2 AIRCRAFT RADAR FIXES

SYNOPTIC
INDIAN OCEAN

TC 23-80
T 27-80

R T A

TOTAL
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L

t OF TOTAL
NO. OF FIXES
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{3) OBS MSLP ~ If the surface cen-
texr can be visually detected (e.g., in the
eye), the minimum sea level pressure 1s ob-
tained by a dropsonde released above the sur-
face vortex center. If the fix is made at
the 15C0~foot level, the sea level pressure is
extrapolated frorn that level.

(4) MAX-SFC-WND - The maximum sur-
face wind (knots) 1s an estimate made by the
ARWO based on sea state. This observation is
limited to the region of the flight path and
may not be representative of the entire cy-
clone. Availability of data is also depen-
dent upon the absence of undercast conditions
and the presence of adequate illumination.
The positions of the maximum flight lev-.1l
wind and the maximum observed surface wind do
not necessarily coincide.

(5) MAX-FLT-LVL-WND - Wind speed
(knots) at flight level is measured by the
AN/APN 147 doppler radar system aboard the
WC-130 aircraft. Values entered in this cat-
egory represent the maximum wind measured
prior to obtaining a scheduled fix. This
measurement may noc represent the maximum
flight level wand associated with the trop-
ical cyclone because the aircraft only sam~
ples those portions of the tropical cyclone
along the flight path. In most instances,
the flight path 1s through the weak sector of
the cyclone. 1In areas of heavy rainfall, the
doppler radar may track energy reflected from
precipitation rather than from the sea sur-
face, thus, preventing accurate wind speed
measurement. In obvious cases, such errone-
ous wind data will not be reported. 1In addi-
tion, the doppler radar system on the WC-130
restricts wind measurements to drift angles
less than or equal to 27 degrees if the wind
is normal to the aircraft heading.

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

(7) EYE SHAPE - Geometrical repre-
sentation of the eye based on the aircraft
radar presentation. The eye shape 1s re-
ported only if the center is 50% or more

surrounded by wall cloud.

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

c. Radar

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

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

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

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

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

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

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

d. Synoptic

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

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




1. WESTERN NORTH PACIFIC TROPICAL ", CLONES

During 1980, the western North Pacific
experienced the second consecutive year of
below normal tropical cyclone activity.
Twenty-eight tropical cyclones occurred
durang both 1979 and 1980 as compared to
the average annual total of about 33. Four
significant tropical cyclones failed to de-
velop beyond the tropical depression (TD)
stage and nine tropical storms (TS) failed
to reach typhoon intensity. O©Of the 15 trop-

CHAPTER IIL - SUMMARY OF TROPICAL CYCLONES

1cal cyclones that developed to typhoon (TY)
intensity, only 2 reached the 130 kt (67 m/
sec) intensity necessary to be clussified

as super typhoons (ST). Tropical cyclones
reaching tropical storm intensity or greater
are assigned names in zlphabetical order
from a list of alternating male/female names
found in CINPACINST 3140.1 CH~2. Diffferent
lists of alternating male/female names axe
used for eastern and central North Pacific
and North Atlantic cyclones. Each tropical
cyclone's maximum surface winds (MAX SFC
WND), in knots, and minimum observed sea

.

o8 T T i s

_ L% 8
TABLE 3-1 WESTERN NORTH PACIFIC
1980 SIGNIFICANT TROPICAL CYCLONES
f CALENDAR MaX MIN NUMBER
=1 PERIOD DAYS OF SFC 0BS OoF DISTANCE
-:: e CYCLONE :P_Y_E_E_ M OF WARNING WARNING WIND{KT) &g WARNINGS TRAVELLED (NM})
L
. 01 ™  TD-01 20 MAR-24 MAR 5 30 1000 17 2439
02 TS CARMEN 05 APR-08 APR 4 60 980 9 1179
= 03 TY Do 09 MAY-19 MAY 11 96 956 42 1938
_: , 04 Y ELLEN 13 MAY-21 MAY 9 110 931 34 2423
. 05 5 FORREST 20 MAY-26 MAY 7 55 990 26 2451
< . 06 TS GEORGIA 21 MAY-24 MAY 4 55 985 12 993
= ¢ 07 TS HERBERT 24 JUN-28 JUN S 50 980 15 2521
08 TS IDA 06 JuL-11 JuL 6 60 980 23 1527
= 09 ™ JOE 17 Jur-23 JuL. 7 105 940 25 2541
. 10 D Tp-10 17 JuL-19 JUL 3 30 1000 7 1007
. 1n ST KM 20 JUL-27 JUL 8 130 903 29 2661
; 12 ™ LEX 29 JUL-07 AUG 10 80 962 36 1810
. 13 Y MARGE 08 AUG-15 AUG 8 110 944 31 1980
; : 14 ™  TD-14 15 AUG-16 AUG 2 20 1003 7 229
= t 15 TY NORRIS 24 AUG-28 AUG 5 90 as50 20 1710
= 16 ™ D16 04 $EP-06 SEP 3 25 1002 8 776
! 17 T ORCHID 07 SEP-11 SEP 5 85 958 19 2043
g ! 18 TY RUTH 14 SEP-16 SEP 3 65 975 13 60
& \£ 19 TY  BERCY 14 SEP-19 SEP 6 125 919 20 1260
i 20 TY SPERRY 15 SEP-20 SEP 6 65 987 22 2624
J 21 TS THELMA 26 SEP-30 SEP 5 55 982 16 1681
}; 22 TY VERNON 27 SEP-03 OCT 7 105 935 25 2141
) 23 ST WYNNE 04 0oT-14 OCT 11 150 890 4 3728
(
‘g; 24 TS ALEX 12 ocT-14 OCT 3 35 999 8 1844
(,r 25 v BETTY 29 OCT-07 NOV 10 120 928 39 3228
1l 26 75 CARY 29 OCT-01 NOV 40 998 14 1068
27 Y DINAM 21 NOV-25 NOV 100 941 17 3530
: 28 15 ED 16 DEC-21DEC 6 50 988 20 815
( 1980 TOTALS 128% 598
.% * OQVERLAPPING DAYS INCLUDED ONLY ONCE IN SUM.
5
! S 10
-
7
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level pressure (MIN OBS SLP), in millibars, Table 3-2 provides further information

HE were obtained from best estimates based on on the monthly distribution of tropical cy-
E}ll available data. The distance travelled, clones and statistics on Tropical Cyclone
in nautical miles, was calculated from the Formation Alerts and Warniags. The number

. JTWC official best track (see Annex A). of warning days decreased from 149 to 128

from 1979 to 1980.

TABLE 3-2.

i

1980 SIGNIFICANT TROPICAL CYCLONE STATISTICS

WESTERN {1959-79}
NORTH PACIFIC N AVERAGE

TROPICAL
DEPRESSIONS

TROPICAL STORMS

TYPHOONS

ALL CYCLONES

(1959-79) AVERAGE

FORMATION ALERTS 28 of 37 (767} Formation Alert Events developed into tropical cyclones. Tropical Cyclone Formation Alerts
were issued for all significant tropical cyclones which developed during 1980.

Number of warning days: 128
Number of warning days with 2 cyclones: 37

Number of warni.y *wvs with 3 or more cyclones: 3
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TROPICAL DEPRESSION 01

FIGURE 3-01-1. TD @] at 15-20 &t (§-10 m/sec)
Antensity about 500 nm {926 km) scuth-scuthcest of
Guar, 18 Maxch 1980, 01207. (DUSP imagesy)

TD 01 was first detected as an area of
increased convective activity abkout 500 nm
(926 km) south-southeast of Guam cn 16 March.
puring the early part cf the year, intense
convective activity is usually located south
of the equator. March is the start of the
transition period when the equatorial trough
begins to migrate slowly northward. During
this period, the equatorial trough can oc~
casionally extend intc the Northern Hemis-
phere. This extension, however, is normal~
ly short-lived because the southwest monsoon
has yet to become fully established. Post-
analysis indicates that TD 01 developed from
a temporary extension of the equatorial
trough into the Northern Hemisphere.

The first aircraft reconnaissance mis-
sion into TD 01 on the morning of 18 March
reported 15-20 kt (8-10 m/sec) surface winds,
primarily in the northern semicircle, and a
minimum Sea-level pressure of 1005 mb.

Based on this information and satellite im-
agery which showed improved upper-level out-
flow in the southeast quadrant (Fig. 3-01-1),
a Tropical Cyclone Formation Alert (TCFA)

was issuved at 1803902.

The tropical disturbance was monitored
closely for the next 48 hours. The first
reconnaissance mission also reported a 60 nm
(111 km) displacemant between the surface
center and the 1500 ft (457 m) center. Sub-
sequent missions discovered a similar dis~
placement between the surface and 700 mb
centers. This was consistent with the syn-
optic data which showed that strong mid- to
upper-level southeasterlies were causing

TD Ol to tilt with height toward the norcth-
west.

17

By the 20th, surface winds in the south-
ern semicircle had increased to 20 kt (10
rn/sec), while 30 kt (15 m/sec) winds were
observed in the northern semicircle. The
circulation was better defined on satellite
imagery, and the MSLP had decreased to 1000.7
mb. <Continued development was expected and
the first warring on TD 01 was issued at
2006002,

Taking into consideration the strong
vertical wind shear and the fact that March
is historically a month of minimum typhocn
development, TD 0l was never forecast to
reach more than minimal tropical storm
strength of 40 kt (21 m/sec).

From 20 through 24 March, TD 01 follow-
ed a climatological west-northwest track to-
ward Luzon, occasionally showing speed
changes as it responded to a series of mid-
level short-wave trougns moving eastward
across the Pacific from the Asian mainland.

As TD 01 approached southeastexn Luzon,
it began to interzc=t both with a shear line
extending toward it from the northeast and a
building high pressure ridge between Taiwan
and Luzon (Fig. 3-01-2). The net result was
a flare-up in the conv-:ctive activity and an
increase in surface wind speed north of the
surface center. Although two land stations
reported 40 kt (21 m/sec) winds Juring land-
fall on Luzcn, the sea-level pressures were
not observad below 1007 mb. Considering
the effects of topography, 30 kt (15 n/sec)
appears to he the best estimate of TD 01's
intensity at that time. Figure 3-01-~2 shows
that northeasterly winds of 25-40 kt (13-21
m/sec) were present north of TD 01 to the
vicinity of Taiwan. These strong winds were
being enhanced by TP 01, but were more the
result of the building high pressure ridge
off the Asian mainland. Therefore, an ex-
tratropical wind warning was issued for the
area by NAVOCEANCOMCEN Guam.

After making landfall, TD Gl tracked
slowly westward south of Manila into the
South China Sea. A TCFA was issued for the
remnants of TD 01 at 2606152 when improved
organization of the cloud pattern (Fig. 3~
01-3) suggested that regeneration might oc-
cur. The disturbance was watched for three
more days, but skip reports showed nothing
more than a weak wave in the east-northeast-
erly flow, and the system dissipated rapid-~
ly after moving ashore on the Vietnam coast
near Ho Chi Minh City.
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TROPICAL STORM CamrMEy (02)

Tropical Stors Carmen, the second signi-
ficant tropical cyclone of the season, m=ight
well have gone uncdetected if it had cccurred
prior to the advent of =eteorslogical satel-
lite surveillance. Carmen developed in and
tracked through a very sparse synoptic data
region near the dateline in early April 1980.
Once organized, Carmen's clesest point of
approach to a reporting station (Majuro
Atoll, WMO 91376) was 450 n= (833 k=).
During its entire life, Carmen was closely
sonitored by the Joint Typhoon Warning Center
{3THC) and the Central Pacific Hurricane
Center (CPEC) using polar-orbiting and geo—
statiorary satellites to confirm Carsmen's
existence.

Available satellite imagery and synoptic
data indicated that Carsmen developed in a
relatively active near-eguatorial trouch
{¥ET) during a period in which a parallel
disturbance, 7€ 20-80 {¥ally), wa: developing
in the Southern Hezmisphere. (The cer= paral-
lel disturbances is also raferred to as
“double vortices”™.) Similar to many previous
cases, =O0st recently Typhoon Kim {1977} and
Typhoon Lucy {1977) and their respectiw
Southern Lexisphere cyclones, Carsen and
TC 20-30 took nearly =irror-icage tracks over
open water. 1In this case, each cyclone soved
towards its respective pole in response to a
weakness in each hexmisphere's sub-tropical
ridge. Once organized, Carzen moved north-
aorthvest and then, at the ridge axis, began
its recurvature to the northeast. Si=ilarly,
TC 20~50 moved south- . nuthwest untii it began
recurvature to the southeast at the ridge
axis. Although TC 20-30 accelerated in its

tratropical transition near 26 degress
soutk latitude, Carmen slowed as she =oved
eastward across the dateline. Several days
later Carxen dissipated in the northeast
trade wind flow south of Wake Island.

The disturbance which becane Tropical
Stor= Carmen was first detected in satellite
imagery at 0000Z on 2 April. By 0218556z, the
area of convection had =oved from the eguator
$C near 02X 178E. At 0306002, the Signifi-
cant Tropical Weather Advisory (ABEH POTW)
discussed a surface circulation near 3% 179E
The major cenvection associated with tie cir-
cuiation continued to move northeast at 10 kt
{19 km/hr) east of the dateline. The fentral
Tacific Hurricane Center {(CPHC) monitors
developing tropical cyclones cast ¢f the
dateline and the responsibility for issuing
tropical cyclone formation alerts (TCFR} in
this region belongs to the XNaval Western
Oceanograohy Center {N&0C) at Pearl Harbor,
Hawaii. By 0200Z on 4§ April, the organiza-
tion of the disturbance had ieproved signifi-
cantly and NWOC issued a TCFA for an area
that straddied the dateline between 03F and
C8K. At 0500002, the Zeveloping cyclons
=oved west of the dateline, and based on the
i=proved satellite signature, the firse
warning on TDO2 was issued at that ti=e.
During the next 48 hours, Carmen inteasified,
reaching a peak intensity of 60 kt {31 =/sec)
at approximately 0600002. Figure 3-02-1
shows satellite imagery of Carmen at peak

_intensity. Carmes then gradually weakened as
she approached the dateline for a third time

21

{seccnd approach from the west). The last
JTWC warning was issued at 0700002 and the
CPEC issued its first warning at G70600Z.
shile east of the dateline, Carmen continced
to weaken as her movement slowed to 5 kt

{9 k=/hr). The final warning was issued
CPHC at 0900002 with 7202 near 21.5% 1784,

Due tc Carmen's location (near the date-
line} and month of oczurrence (april}, IT=C
forecasters had few viable forecasting aids
to dzvelop their warnings. Climatology and
analog prograns were non-existent for the

rea and season, and the steering mcdel is
unrelizhle south of 15%. wWithout the irnput

£ these valuable aids, the initial warning
“as based on sparse nid-level synoptic data
and éescribed a north-northwest track with
recurvature rear 17%. This basic track was
raintained in sabseguent JIWC warnings.
Maintenance of this basic track through re-
curvature provided JywC with 72-hour fore-
cast errors (210 n= {389 x=)}) wviich vere sig-
nificantly lower than the 10-year average of
338 = (644 k=).

Intensity estimstes and forecasts were |
based entirely on the Drorak nethod for :
estimating tropical cyclone intensity (1975}
The first series of Dvorak intensity esti-
=ates at 0419542, 03500052 and 0502332 sup~
ported 35 kt (18 =fsec} =axisus winds. How-
ever, upgrading to tropical storm status did E
not ootur until the 0317MWZ warning. This ]
delay is not unusual. Initial warpings tend
to be conservative because satellite imagery
of a developing tropical cyclone Sften
appears tore iatense for a brief period ke~
fore returning to a =cre "normal” signature
for the early development stage. Incdeed,
the Dvorak method has a built in constraint
which limits initial estimites to T1.5 (25 kt
{13 =/sec;} or less. The initial Dvorak
intensities received at JTWC were T2.5 {35 kt
{12 =/sec)). In post-analysis, the hicgher
estimates were supported with the trend
showing that 7002 {Car=en) actually reached
trobical store strength: at 0418002, 6 hours

rior to the first warning.

o)

FIGRE 3-01-1. TS Cawmen, rest maxinmax inltnsily E
cf &2 BC {31 m/scel, @5 Asuil 1580, 11312,
{DSP cmagzery)
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TYPHOON DOM (03)

Dom was the first tropical cyclone that
developed to typhoon intensity in the west-
ern North Pacific in 1980. Dom had several
features of interest: a pronounced tilt in
the vertical axis during the developing
stages and the execution of a rare anticy-
clonic loop in the later stages of his
existence.

Satellite imagery showed a weak disturb-
ance vhich first appeared along the near
equa.orial trough on 5 May. The disturbance
showed no siqnificant development as it
tracked across the Caroline Islands during
the following three days. The first investi-
gation by reconnaissance aircraft was sched-
uled on 8 May when a -ignificant increase in
convective activity was noted. The weak cir-

Little change in intensity occurred
during the next two days, during which time
the 700 mb circulation was displaced as much
as 77 nm (143 km) west-southwest of the sur-
face center. This displacement was indica-
tive of marked vertical shear caused by
strong mid- to upper-level easterly flow.

Vertical shear remained strong during
pom's early stages of development as he
moved westward steered by strong mid- to
upper-level easterlies along the southern
periphery of the mid-level subtropical ridge
axis. On 10 May, a mid-tropospheric low
pressure center developed over the Asia Main-
land, causing the ridge to recede eastward.
This created a weakness in the ridge near the

FIGURE 3-03-1. Typhoon Dom at 40 kt (21 m/sec)
intensity thacking west-nonthwestwand at 9 kt (17 hm/

), 11 Hay 1980, 0213Z.

culation located by the aircraft prompted
JTWC to issue a Tropical Cyclone Formation
Alert for an area south of Guam. By the 9th,
satellite imagery indicated strong outflow
on the west side of the circulation and
increased organization of convective cloud
elements became evident as the disturbance
continued to develop. As the circulation
became more organized, reconnaissance air-
craft observed an increase in the surrounding
surface winds. The first warning on TD03 was
issued at 090000z.

23

{DMSP visual imagery)

Philippines, allowing Dom to track west-
northwestward away from the strong mid- to
upper-level easterlies. With the decrease in
vertical wind shear, Dom's axis became more
vertical and development proceeded. Dom
reached tropical storm intensity at 1018002
as an anticyclone with outflow in all quad-
rants developed at upper-levels.

A large area of low-level convergence
formed to the northeast of Dom as evidenced
by convective activity shown by satellite

RN PR R L b b R RN T

A




> o o s e o

C. Ny ot

PARAE

P T R

-
il

E Aowcn KTV T

st

imagery on the llth (Fig., 3-03-1). This are
of convection dissipated as an induced ridge
formed between Dom and a circulation to the
southeast -of Guam which would later develop
into Typhoon Ellen. Dom attained typhoon
intensity at 1206002, When Dom intensified
to 90 kt (46 m/sec), he had a large eye 30 nx
(56 nm) i= diameter and his speed of movement
decreased markedly as he moved away from the
strong mid- to upper-level easterly steering
flow. Dom became virtually stationary as

he drifted slowly toward Luzon with weakening
commencing due to the decreased moisture con-
tent of the air being drawn into Dom's circu-
lation across the mountainous terrain of
Luzon. By 141200Z, Dom had weakened to
tropical stoxrm intensity and was tracking
northward at z kts (1 m/sec) showing indica-
tions of impending recurvature.

Dom unexpectedly regained typhoon
strength 24 hours after recurvature. Rein-
tensification was made possible by a lessen-
ing of the land effect and energy provided by
a tongue of warm water extending north of

FIGURE 3-03-2. Composite sea sunface temperature
analysis of data from 1016 May 1980, produced by the
Oceanographic Services Division of Naval Oceanoghaphy
Command Center, Guam.

Luzon (Fig. 3-03-2). Dom then tracked north-
eastward south of the area of maximum sea
surface temperature (SST). A later SST
analysis (Fig. 3-03-3) showed the decrease in
SST which is normally observed after the pas-
sage of a tropical cyclone. This decrease in
SeT is caused primarily by evaporative cool-
ing and the mixing of surface water with
cooler sub-surface water and, to a lesser
extent, by the addition of rain water and

the decrease in solar radiation reaching the
surface (Brand, 1970). Dom's final decrease
to tropical storm irntensity was due to the
shearing effect of strong upper-tropospheric
westerlies and strong low-level easterlies.
The upper-level center continued to track
eastward, whereas the surface circulation
began a rare anticyclonic loop as it tracked
westward under the influence of the low-level
easterly flow. At 1900002, JTWC issued the
final warning on Dom, although post-analysis
indicated he ceased to exist as a significant
trupical cyclone on the 18th.

FIGURE 3-03-3. Composite sea sunface temperature
analysis of data grom 17-23 May 1980, produced by the
Oceanognaphic Services Division of Navat Oceanography
Command Centex, Guam, .
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Triggered by a mid-tropospheric trough
which entered the South China Sea, an extra-
tropical surface low pressure system formed
south of Japan at 2000002z with the associ-
ated frontal boundary extending to the south-
west of Okinawa. At this time, Typhoon Ellen
was 600 nm (1113 km) east-northeast of the
remnants of Dom. On the 20th, both the rem-
nants of Dom and Typhoon Ellen accelerated
toward the extratropical low along the east
side of the frontal boundary. By 2112002,
the three systems had merged to form an
intensifying mid-latitude storm over the east
coast of central Honshu, Japan. This deepen-
ing mid-latitude storm tracked northeastward
along the northern periphery of the mid-
Pacific ridge.
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TYPHOON ELLEN (04)

Typhoon Ellen developad in an active,
near-equatorial trough west of the Truk Is-
lands on 11 May 1980. Strong upper-level
divergence over the Caroline Islands and
a weak 500 mb steering currents, produced by
a northward adjustment of the 500 mb ridge
axis to 25N, provided an excellent environ-
ment for tropical cyclone development. Ellen
was an interesting tropical cyclone from
several viewpoints. During her existence,
Ellen underwent rapid initial development,
abruptly changed track at a low latitude,
and followed a slow oscillatory motion for
an 18 hour period.

Ellen's initial tropical disturbance
became evident on satellite imagery between
1112002 and 120000Z. However, a Tropical
Cyclone Formation Alert (TCFA) was not is-
sued at that time because 1200002 synoptic
data did not indicate a well-defined surface
circulation with lowering surface pressures.
A weakening of the satellite signature during
the next 12 hours supported this decision.
Between 1212002 and 1216002, Ellen's satel-

lite signature improved markedly and a TCFA
was issued. Aircraft reconnaissance at
1304227 confirmed Ellen's rapid development
and estimated 45-50 kt (23-26 m/sec) maximum
surface winds. The first warning was issued
at 130600Z. Post-analysis indicates that
Ellen reached tropical storm strength at
1218€02.

Ellen appeared to be following TY Dom's
track across the Philippine Sea as she
tracked initially west over Woleai Atoll and
then west-northwestward toward Ulithi Atoll.
On 15 May, Ellen abruptiy turned to the north
and was headed for Japan. By 150000Z, she
was tracking north-northwestward at approxi-
mately 8 kt (15 km/hr) and had intensified to
65 kt (33 m/sec). At 170000Z, Ellen passed
220 nm (407 km) west of Guam with maximum
sustained surface winds of 110 kt (57 m/sec).
Figure 3-04-1 is satellite imagery during
this period of Ellen's track.

After her abrupt turn, Typhoon Ellen's
surface circulation followed a pronounced

FIGURE 3-04~1. Typhoon Ellen shontly after
neaching typhoon intensity, 15 May 1980,

00542, ~ (DMSP imagery)
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oscillatory motion about a basic north-north-
west track. Surface positions observed by
aircraft reconnaissance and vectors between
successive aircraft fixes during this period
are illustrated in Figure 3-04-2. These
short term oscillations were difficult to
interpret and thus made forecasting Ellen's
movement very difficult.

As Ellen was undergoing this oscillatory
motion, aircraft reconnaissance also observed
that the location of minimum sea level pres-
sure appeared to rotate close to the wall
cloud in a highly elliptical eye. During the
same period, Ellen deepened to her lowest
minimum sea level pressure of 931 mb and
intensified an additional 45 kt (23 m/sec),
reaching her maximum intensity of 110 kt
(57 m/sec).

10N

14 143E

FIGURE 3-04-2. Typhoon ELlen's best track
between 1418007 and 1606007 May 1980. Sunface
and 700 mb positions obsenved by aircragt recon-
naissance, and vectons between successive ain-
craft fixes, are shown.

This oscillatory motion and uncertainty
in the position and strength of the 500 mb
subtropical ridge axis created a significant
forecast problen. Forecasts of early re-
curvature to the northeast did not material-
ize as Ellen continued on a north-northwest
track toward Japan. Once north of the ridge
axis, Ellen recurved between 25N and 30N and
accelerated northeastward at forward speeds
in excess of 30 kt (56 km/hr). Following
recurvature, Ellen weakened rapidly and merg-
ed with an extratropical low pressure system
south of Honshu.

Ellen's actual track passed closer to
Japan than originally forecast due tc rapid
deepening of a mid-latitude trough over
Japan and rapid intensification of the sub-
tropical ridge east of Japan. In response,

28
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500 mb winds south of Japan backed in direc-
tion and strengthened, causing Ellen to
accelerate northeastward and pass 120 nm
(222 km) east of Yokosuka Naval Station,
Japan (Fig. 3-04-3). Department of Defense
resources in Japan reported no major damage,
and Yokosuka only reported 20-25 kt (10-13
m/sec) sustained winds during the passage of
Ellen. Flooding reported in Kyushu and
Shikoku resulted from heavy rain produced by
the extratropical low pressure system which
eventually merged with Ellen south of Honshu.

19 1800

140

FIGURE 3-04-3. Forecast fracks fon Typhoon
Ellen §rom 1912002 and 1915002 data bases.

Sefected 24-hr §orecast wind vectors at 500
=b {ox cach data base ate also {Llusitralted,
along with the §inal best track (smmem] for

that perded.
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TROPICAL STORM FORREST (05)

Tropical Storm Forrest was influenced
by an unusually large and strong mid-tropos~
pheric ridge which built westward across the
Philippine Sea following the recurvature of
Typhoon Ellen. This ridge dominated the
entire northwestern Pacific and affected For-
rest's direction of movement, forward speed,
and intensity.

The majority of TS Forrest's track was
spent skirting the southern periphery of the
large subtropical ridge. During the month of
May, cyclones typically track northwestward
over the Philippine Sea. However, Figure
3-05-1 shows that nearly zonal 500 mb flow
prevailed during this period and forced
Forrest to track nearly due west. This
steady zonal flow also pushed Forrest for-
ward at speeds reaching 186 kt (33 km/hr),
which is 3 times the climatological mean
speed.

The strength of the subtropical ridge
also affected Forrest's intensity. The sub-
tropical ridge raised environmental pressures
throuchout the northwestern Pacific north of
Forrest. Aircraft reconnaissance consistent-
ly observed winds in Forrest that were 10 to
15 kt (5 to 8 m/sec) stronger than would be
expected fron Forrest's minimum sea-level
rressure of 990 mb and the Atkinson and Hol-
1licday (1977) pressure/wind relationship (Fig.
3-05-2). The Atkinson and Holliday relation-
ship indicates that the 55 kt (28 m/sec) max~
imum sustained winds observed in Forrest

Fig. 3-05-3) are typically associated with
tropical cyclones having a 983 mb minimum
sea-level pressure., Aircraft reconnaissance
also observed that Forrest tilted south-
southwest from the surface to 700 mb. The
surface and 700 mb centers were displaced as
much as 35 nm (65 km) at times, apparently
in response to upper-level northeast flow
which existed over Forrest.

Following landfall on Luzon, Forrest
weakencd rapidly while passing approximate-
ly 40 nm (74 km) northeast of Clark AB.
Highest observed wind speeds at this location
associated with the passage of TS Forrest
were in the 10 to 15 kt (5 to 8 m/sec) range.
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FIGURE 3-05-2. Athinson and Holliday (1977}

maximum dusiained surface wind-minirum sea-evel

pressune relationship.

FIGURE 3-05-3.

ot -

Tropical Stonm Fomnest at maximum
intensity, 23 May 1980, 23441. Tropical Stoam
Geongia is making landfall over southeastern China.
{NOAA & .imagery)

FIGURE 3-05-1. The 2200007 May 1980 streamline
anatysis of 500 mb zmeinsonde {

ctaft reconnaissance |

axe «n knets,
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TROPICAL STORM GEORGIA (06)

FIGURE 3-06-1. Tuphcor Ellen, the temnants of Typhoorn Dom, and the initial sfage cf
Taepieal Stotm Geengda 4n the Scuth China Sea, 19 tay 1950, 23322, {NOAAS {magesy)

Tropical Storm Georgia is a classic
example of a tropical cyclone which devel-
opad in the South China Sea during the
transition period between the northeast and
southwest monscon. "Monsoon depressions”
are often short-lived, difficult to locate
with precision, and usually have broad, but
relativily weak, surface circulation patterns.
Georgia may well have reached typhoon stren-~
gth if she had been ablce to remain over open
water.

During the latter part of May, an active
surface trough extended from near Iwo Jima
southwestward into the South China Sea. Em-
bedded in this trough were Typhoon Ellen,
near Iwo Jima, the remnants of Typhoon Dom
{an exposed low-level circulation), and the
weak tropical disturbance which would become
Tropical Storm Georgia (Fig. 3-06-1).

Synoptic data first indicated possible
tropical cyclone development in the South
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China Sea on the 19th of May. Although the
satellite signature was poor, the synoptic
Jata showed a surface circulation with a
significant pressure drop near the center.
Based on this data, a Tropical Cyclone For-
mation Alert (TCFA) was issued at 191341%.
Figure 3~06-2 is a surface stream? ..z an-
alysis at 2000002 and illustrates the well-
defined surface circulation. The correspondr
ing satellite imagery at about the same time
still showed a lack of convective organiza-
tion (Fig. 3-06-1). The depression finally
began to show significant development, and
the first warning on TD 06 was issued at
2106002.

JTWC forecasters relied heavily on the
forecast aids which were consistent in in-
dicating northward movement with recurvature
between the coast of China and the east coast
Southerly 500 mb steering winds
also supported northward movement.

of Taiwan.

Figures

crease in

increase in organiz
that occurred short
tropical storm strength.

only two aircraft reconnais
gions were flown on TS Georgia.

sur.

3-06-3 and 03-06-4 show the in-
face inflow and the resulting
ed convective activity
ly after Georgia reached

FIGURE 3-06-2.

Stonm Geosgda.

{ v mﬁ;e 2000002 %go susface
__-}y.sg: fent ——<1 sLriom-
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Line an is in the vicinily of Tropical
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mission observed a minimm sea-level pres- After making landfall near Shan-tcu,

i

=T sure of 986 mb and surface winds of 53 kt Georgia traveled north-rortheastward, about
(26 m/sec). The second mission could not 20 nm (37 km) inland from the coast, event-
provide a center fix because of restricted ually passing north of Chin-men-tao, which -
air sSpace due to Georgia's proximity to both reported winds of 44 kt (23 m/sec) with gusts :
China and Hai-nan Island. Two ships, the to 60 kt (31 m/sec). Rapid weakening occur- :
“Clara Maersk® and the “Chevalier Paul®, red thereafter as Georgia was absorbed into -
reported winds of 50 kt (26 m/sec) aad 54 kt an extratropical low pressuxe system that was
{28 m/sec), respectively. These observations moving over the East China Sea from the Asian
support the best track estimated maximum nainland.

intensity of 55 kt (28 m/sec).
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TROPICAL

A broad equatorial trough existed on
18 June stretching from the Philippine Is-
lands to the eastern Caroline Islands along
SN. Although synoptic data suggested sev-
eral circulations along the trough axis,
satellite imagery during the following 48
hours indicated increased convective acti-
vity around the eastern periphery of the
trough as a result of convergent easterly
flow.

At 2012002, increased convection was
noted near the primary surface circulation
east of the Palau Islands. By 211200z,
satellite imagery indicated improved organ-
ization with synoptic data revealing incre-
ased southwest gradient level inflow and
20-25 kt (1l1-13 m/sec) wind reports from
ships northeast of the depression. As a
result, a tropical cyclone formation alert
(TCFA) was issued at 211800%Z.

The depression moved west-northwest-
ward toward Leyte in the Philippine Islands
on 22 June. The mountainous island chain
was expected to prevent further development
and the TCFA was cancelled at 2218002. How-
ever, the potential for significant tropi-
cal c¢cyclone development was expected to
improve once again as the depression entered
the South China Sea.

Thus, with the depression located south
of Mindoro and moving west-northwestward,
a formation alert was reissued at 2400002.
Aircraft reconnaissance at 240717Z locate .
a circulation center just west of Busuanga
Island with surface winds estimated at 40
kt (21 m/sec) and a minimum sea level pres-
sure of 996 mb, Based on the aircraft data
and evidence of increased convective acti-
vity on satellite imagery, the first warning
on Tropical Storm Herbert was issued at
2412002.

In the South China Sea, Herbert track-
ed northwestward toward Hai-nan Island while
intensifying slowly. Maximum intensity of
50 kt (26 m/sec) was attained at 2506002 and
was sustained for the next 24 hours as Her-
bert passed 15 nm (28 km) southwest of the
Paracel Islands. Peak winds of 46 kt (24
m/sec) were reported by the islands at
2600002. Landfall on Hai-nan occurred near
2618002 with maximu.” sustained winds of 45
kt (23 m/sec). Over .ai-nan, Herbert track-
ed around the western face of Wu Chih Sham
Mountain and exited due north into the Gulf
of Tonkin. A north-northwest track over the
Gulf of Tonkin ended with landfall south of
Chin~-hsien, China at 2803002 with 45 kt (23
n/sec) intensity, as verified by land sta-
tion reports. Once over southern China,
Herbert weakened quickly and dissipated as
a significant tropical cyclone by 2900002
(Fig. 3-07-1).

37

STORM HERBERT (07)

FIGURE 3-07-1. Tropical Stoxm Henbent at 45 kt (23 1
m/sec) intensity making Landfall over southean China, 1
28 June 1980, 03162. (DMSP imagery) 4

A strong mid-level ridge extending from 3
southern China eastward across the Pacific
along 24N provided the steering flow as Herx-
bert tracked steadily along the southern
periphery of the ridge. The 500 rb analyses -
on 25 and 26 June showed that the zidge ex- B
tended westward to near 108E just west of i
Hai-nan Island. Thus, a turn toward the
northeast was expected following landfall
over southern China. However, the 2703002
500 mb analysis revealed that the ridge act-
ually built westward across southern China,
resulting in Herbert's westward track during
his dissipation stage following landfall.

The definitive mid-level synoptic pat-
tern and steering flow provided JTWC with
good warning continuity and resulted in
excellent forecast vector errors of 77 nm
(143 km), 128 nm (237 kmp), and 57 nm (106
km) for 24, 48, and 72 hours, respectively.
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TROPICAL STORM IDA (08)

FIGURE 3-08-1. Tropical Stonm lda intensifying in
the Philippine Sea. The discontinuous outer rain-
band {cLockwise gnom the nonthwest to the east) was
evident grom Lhe cyclone's initial development until
weakening nean the Bashi Channef, 6 July 1980, 2236Z1.
{NOAA visual imagery)

puring the first three weeks of July,
the monsoon trough extended eastward from
the South China Sea to near l160E. Areas of
active convection were common during 1at
period with several disturbances eventually
developing into significant tropical cyclones
(Ida, Joe and Kim).

TD 08, the first of these disturbances
which became organized, formed in the vicin-
ity of two areas of active convection which
JTWC had been tracking within the trough for
several days. At 051800Z, satellite imagery
indicated improved convective organization
about a surface circulation neaxr 12N 142E.
Aerial reconnaissance at 0601452 located a
surface centexr and observed maximum winds of
25 kt (13 m/sec). At 0603002, a Tropical
Cyclone Formation Alert (TCFA) was issued
and the initial warning followed at 0606002
based on continued organization as indicated
by satellite imagery.

39

Ida's track never posed a dilemma for
JTWC forecasters. She initially tracked
northwest before interacting with a persis-
tent ridge, whose axis was along 28N.
Maintenance of the ridge throughout Ida's
lifespan was responsible for the cyclone's
overall west-northwest track and the ability
of JTWC to predict landfall within 35 nm
(65 km) of the actual point as early as 77
hours prior to the occurrence. As Ida
approached the western Philippine Sea, her
forward movement slowed from a maximum of
18 kt (33 km/hr) to less than 10 kt (18 km/
hr) in the Bashi Channel. During this period,
Ida reached her maximum intensity of 60 kt
(31 m/sec) and lowest sea level pressure of
980 mb. As Ida moved through the Bashi
Channel, she weakened to 45 kt (23 m/sec) and
then maintained this intensity until making
landfall on the southeastern coast of main-
land China, just south of Shan-t'ou (WMO
59316) at 13002 on 11 July.

A predominate feature during all but the
later stages of Ida's track was a strong and
persistent rain or feeder band. Figure 3-08-
1 shows this feature on NOAR satellite
imagery. On 6 July, while Ida was organizing
southwest of Guam, the Naval Air Station at
Agana, Guam recorded 1.15 inches (29 mm) of
rain in 3 hours and a peak gust of 31 kt
(16 m/sec) as the band passed over the
1sland. Subsequent aircraft zeconnaissance
in support of the 0721302 and 090735Z posi-
tion fixes noted increases in the flight
level winds and temperatures while transiting
this outer band. These higher flight-level
temperatures and winds were an apparent
response to the release of latent heat of
condensation from extensive convection within
the band. The mission ARWOl on the 0907352
fix stated, "The 700 mb center was very weak
with no strong wind band in any quadrant
close to the center. It .took us guite a
while to locate a fairly broad area of light
and variable winds...The northern end of this
area was open, and to the northeast we
observed a broad band of surface winds
peaking at 85 kt (44 m/sec) situated about
25 nm (46 km) out." This was not an uncommon
feature from aircraft reconnaissance data on
Ida. Generally these maximum winds were
located in the northeast quadrant, close to
the rainband. However, the 85 kt (44 m/sec)
wind was considered to be a transistory
feature because all other indicators showed
no reason for a sudden and short-lived
intensification of the cyclone.

1cHARLES B. STANFIELD, Capt, USAF: Mission
Aerial Reconnaissance Weather Officer
(ARWO) .
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TYPHOON JOE (09)

Typhoon Joe, the ninth tropical cyclone
in the Western Pacific region, proved to be
very predictable. A near static synoptic
pattern prevailed in the mid- to upper-
troposphere within the subtropics throughout
most of Joe's existence. Figures 3~09-1 and
3-09~-2 show the distinguishable traits in
the structure of the mid- and upper-
troposphere. As a result of this pattern,
Joe followed a nearly straight track from
genesis to dissipation with few exceptions.

Joe's gen-:sis from a tropical disturbance
into a mature tropical cyclone was slow.
Satellite imagery first indicated a disturb-
ance along the equatorial trough on 14 July
over the Caroline Islands. Later satellite
data revealed a gradual increase of convec-
tive activity with an apparent increase in
organization. As a result of the information
received from this series of satellite imag-
ery, a tropical cyclone formation alert
(TCFA) was issued at 2153Z on the 15th.

The first aircraft reconnaissance of the
disturbance on the 16th found a weak surface
circulation which did not extend up to the
700 mb level. At that time the minimum sea

level pressure was 1006 mb and the distur-
bance was tracking northwestward at 14 kt

(26 km/hr). Defense Meteorological Satellite
Program (DMSP) imager - at 0021Z on the 17th
suggested that the disturbance was develop-
ing a circulation center that extended at
least to mid-tropospheric levels (Fig. 3-09-
3) with strong convective activity located
west of the exposed surface circulation. As
discussed by Huntley and Diercks (1980),

weak developing tropical cyclones often have
the 700 mb center displaced from the surface
circulation in the direction of strongest
convective activity. As the tropical cyclone
develops and intensiZies, the surface circu-
lation moves under the 700 mb center and
becomes vertically aligned. Later satellite
data did show that the surface center had
moved closer to the area of strong convection.
This sequence of events prompted JTWC to is-
sue the first warning at 0000Z on 17 July for
Tropical Depression 09. Aircraft reconnais-
sance on the 17th substantiated that the
disturbance had indeed developed significant-
ly since the 16th and that TD 09's circula-
tion center had exitcended up to the 700 mb
level with no significant displacement of the
surface and 700 mb center noted at that time.

FIGURE 3-09-3. Typhoon Joe during his earfy stage of
development, 17 July 1980, 00217, Awrow shows Loca-
tion of expesed Low-Level cinculation centen. (DMSP

Amagery)

FIGURES 3-09-1 and 3-09-2 ane on the folcwing page.
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FIGURE 3-09-1. 200 mb streamline analysis at 1712002 July 1980. The anafusis depicts the synoptic patiearn which
vrevacled durang much of Typheon Joe's existence. Wind data are a combination of RAOBS, AIREPS, and sateliite-
dercved {+) winds fon the 250 mb to 150 mb Levels. Wind speeds are in hnots.
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Figure 3-09-2. 500 nb streambine anatysis at 1700007 July 1980. The analysis depicts the syroptic
pattean which prevailed during much of Typhoon Joe's existence. Wind speeds atre in knots.
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TD 09 developed rapidly from that point and
was upgraded to Tropical Storm Joe on the
18th. <“vphoon strength was attained on the
19th.

As mentioned corlier, Joe tracked along
a nearly straight couursg through much of his
existence. His forward speed of movement
was rapid and nearly constant, even while
passing over Luzon. This unusually persis-
tent track and high speed of moverment was
correlated with an abnormally strong mid-
and upper-tropospheric subtropical ridge.
The sukt:opical ridge at both levels deviated
significantly from the climatological norm.
The 200 mb anticyclone, normally located over
the China mainland, extended further east to
the north of Joe's track and south of Japan
(Fig. 3-09-1). Similarly, the mid-trcpo-
spheric ridge was to the north of Joe's
track and was much stronger than normal
(Fig. 3-09-2).

This pattern did not significantly
change during Joe's lifetime, except briefly
while he was first developing into a tropi-
cal depression. Joe's track took a slight
northwestward jog in response to a short
wave trough which weakened the mid- to upper-
tropospheric ridge. This short wave trough
quickly passed eastward and the ridge built
back north of Joe.

Six hours prior te landfall over Luzon,
Joe attained an intensity of 105 kts (54 m/
sec) with a minimum sea level pressure of
940 mb at 12002 on 20 July. Joe weakened
rapidly to tropical storm strength while
crossing Luzon, but still remained very
destructive. As he tracked across the moun-
tainous terrain of Luzon, where peaks
approach 10,000 ft, the track deviated
slightly, becoming more westward. It took
just over 6 hours for Joe to cross Luzon,
but in that short time, the Philippine
Islands were inundated by heavy rains which
produced massive flooding and resulted in
extensive crop and property damage.

Approximately 177,000 people were left home-
less and 19 deaths were reported. Exact
figures could not be compiled in time due to
Typhoon Kim which hit the Philippines within
a week of Joe, compounding destruction that
the Philippines had already suffered. No
significant damage was reported to U. S.
military inctallations in the Philippines.

Upon entry into the South China Sea,
Joe reintensified to typhoon strength.
Before this time, JTWC expected Joe to track
northwest onto the Asian mainland about
100 nm (185 k=) west of Hony Kong and
dissipate. The mid- and upper-tropospheric
ridge, heuever, extended westward, causing
Joe to continue on a west-northwest track
toward Vietnam. Also, from the time Joe
entered the South China Sea through dissipa-~
tion, he maintained a rapid speed of move-
ment due to the strong ridge to the noxth.
Typhoon Joe attained a second maximum inten-
sity of 90 kt (46 m/sec) as determined by
Dvorak analysis of satellite data (Fig. 3-
09-4). At the time cf maximum intensity,
the radius of winds greater than 30 kt {15
r/sec) extended 150 nm to the east of Joe's
center, covering most of the South China Sea
north of 10N. While transiting across the
South China Sea, Joe devastated the coastal
regions which paralleled his track. Much
damage to crops and property occurred in
southern China due to £flooding caused by
torrential rains. Joe also left many home-
less and claimed more lives while tracking
toward Vietnam.

Satellite imagery showed that Joe had
an eye as he made landfall near Haiphong,
Vietnam. During this period, winds were
reported in excess of 70 kt (36 m/sec}! by the
Vietnam News Agency. After landfall, Joe
dissipated rapidly due to land and vertical
wind shear effects. The final warning was
issued by JTWC at 0000Z on 23 July as the
remnants of Joe began to digsipate over the
mountains of Laos.
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FIGURE 3-99-4. Typhoon Joe agter neintensifying to
90 Et {45 wfsec) in the Scuth China Sea, 21 July

1980, 23472, (DUSP imageay)
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FIGURE 3-10-1. Taopical Depression 10 220 nm {407 =)
. wes t-noatiuest of Manila 13 hours prion Lo {ssuaice
0§ $irst wawming. Heavy convection is Located fwo de-
grees west of the surface circulation, 17 July 1980,
02032. {DUSP imagery)
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= ( Ly exposed due to stnong vertical wind shear, 17 July
=" f. 1980, 23347 {NCAAS imagery). Wind banbs represent
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Super Typhoon Kim, one of the most in-
tense typhoons of the 1980 season, slammed
onto the eastern coast of Luzon four days
after Typheon Joe had —~ractically immobil-
ized the area. Accounts of the aftermath
of Typhoon Xim irdicated that an estimated
15 people were killed and 167,000 residerts
of the Philippines were displaced. Torren-
tial rains caused massive flooding over
Luzon as far south as Manila

Kim, the first super typhocn of the 1980
season, was first detected on satellite imag-
ery on 19 July. The disturbance appeared
as an area of enhanced convection embedded
in the near-eguatorial trough. Further in-
tencification appeared likely as the tropi-
cal upper-tropospheric trough (TUTT) was
positioned to the northwest of the cocnvec-~
tive area. Because the disturbance was in
a favorable position for continued develop-

SUPER TYPHOON KIM (11)

mert, a Tropical Cyclone Formation Alert
(TCFA} was issued at 192040Z. Aircraft re-
connaissance data at 200800z indicated a
well-defined closed surface circulation with
wind speeds of 25 to 30 kt (1Z to 15 m/sec)
and a central pressure of 1001 mb approxi-
mately 360 nm (667 km) southeast of Guam.
Based on this data, the first warning on

TD 11 was issued at 201200Z.

TD 11 initially coved west-northwestward
passing approximately 240 nm (444 knm) south
of Guam before heading directly towards the
island of Ulithi. At 211200Z, TD 11 passed
directly over Ulithi, which reported a wind
maximum 0”7 35 kt (18 m/sec). This informa-
tion, plus a subseguent aircraft report of
a central surface pressure of 997 nb, promp-
ted JTWC to upgrade TD 11 to Tropical Storm
Rim at 2118002Z. Aircraft data at that tipe,
however, indicated that Kim was poorly alig-
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FIGURE 3-11-2. Typhoon Kim at approrimately 110
EL {57 m/sec) intensity Sefoxe she reacked super

tuphoen strergth, 24 Suly 1950, 01252. (DMSP {magety)

ned in the vertical, with the 700 mb center
well to the southeast of the surface center
and the 700 mb wind flow largely disorgani-
zed. Therefore, further intensification was
slow during the 22nd and 23xrd. During this
period, RKim followed a path similar to Ty-
phoon Joe across the Philippine Sea, track-
ing west-northwestward alcng the southern
periphery of the subtropical mid-troposphe~
ric ridge.

At 2306002z, aircrafi reconnaissance
observed a fairly substantial drop in
surface pressure to 979 =b and indications
that an eyewall was partially forming. Upon
receipt of the data, which signalled the
beginnings of a period of more rapid
intensification, Kim was upgraded to a
typhoon.

During this peried of falling pressures
and corresponding intensification, an
empirically derived forecasting aid (Fig.
3-11-1) proved very valuable to JTWC. This
forecasting aid relates surface pressure and
700 b eguivalent potential texperature (8}
to future intensification. The hypothesis
is that rapid intensification is likely to
take place in a tropical cyclone within the
next 12 to 36 hours after these two traces N
intersect. Typhoon Kim's intensification
trend verified this study.

At 2416032, a ninimum sea level pressure
of 908 =5 was measured by dropsonde. This .
pressure was sufficiently low to gualify
Kim as a super typhoon (Fig. 3-11-2). By
the next aircraft penetration, however, Kim's
central pressure had risen to 918 =b. A
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possible reason for this rise in pressure
was that Kim was now only eight hours froz
landfall ou the coast ¢f Luzon and the
mountaincus terrain had begun ¢o disturb
Kin's low-level inflow. Shortly ufterwards,
at usbout 2500002, Typhoon Kim moved onto
the coast of Luzon (Fig. 3-11-3) with accom-
Panying =aximum sustained winds of 100 kt
(52 n/sec) and reports~d wind gurnts as high
as 125 kt (64 m/sec).

Terrain further weakened Kim ac she moved
slowly across Luzon before emerging in the
South China Sea as an ill-defined tropical
storm. JTWC forecasters expected Kim to
reintensify as a typhoon over the Scuth China
Sea similar to Joe only several days earlier.

('

FIRRE 3-11-3. Tupkeon Kim evex Lkt cast coasf of
Luzer, Prtlippires and the romants of Twokoos Jor
in the vieinily of rostiexn lazs, 25 Julu 1938, 01462.

[NAR & imazexgl
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Aircraft reconnaissance, however, continued
to report that Kim lacked significant organi-
zation =nd that her associated convective
tops were significantly iower than previcusly
cbserved.

A weakness in the mid-tropospheric ridge,
thought to have been induced by Typhoon Joe's
passage several days earlier, allowed Ki= to
track more northwest towards Hong Kong,
Changing little in direction or intensity
as she tracked across the South China Sea,
Kim finally made landfall on the coast of
China 90 nm (167 k=) northeast of Hong Kong
at about 270600Z. Maximum sustained winds
of 45 kt (23 m/sec) and wind gusts to 60 kt
131 n/sec) were reparted as Rin moved inland,
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TYPHOON LEX (12)

Typhoon Lex was the mist difficult
tropical cyclone to forecast during the
entire 1980 season. This typhoon de-
veloped from a Tropical Upper Tropospheric
Trough (TUTT) near 22N 152E and initially
moved westward. From this point, Lex made
five right argle or greater turns and exe-
cuted one tight cyclonic loop before finally
heading northeastward into the western
Pacific east of Japan. The only saving
¢ race was that Lex remained well away from
major landmasses and did not affect any
military installations ashore or afloat.

Lex was first observed as a small dis-
turbed area of convection on 24 July. The
first satellite position fix at 2606002
placed the disturbance approximately 125 nm
(230 km) south-southwest of Marcus Island.
The disturbance moved almost due west
(Fig. 3-12-~1), and a Tropical Cyclone Forma-
tion Alert (TCFA) was issued at 2815002
when the satellite signature improved. The
first warning was issued for Tropical De-
pression (TD) 12 at 2906002 after aircraft
reconnaissance located a surface carculation
center with a central pressure of 1002 mb
and estimated maximum surface winds of 35 kt
(18 m/sec). Twelve hours later, as the
satellite signature continued to improve,
the cyclone was upgraded to Tropical Storm
Lex.

During the early development stage, a
deep steering current was not evident above
Lex. However, a broad 200 mb trough to the

<= SAIPAN

FIGURE 3-12-1. Llex as a tropical disturbance prion
Lo {ssuance of a TCFA, 27 July 1980, 00261. (DMSP
Aimagery}

51

north-northeast seemed to have the strongest
influence and turned Lex from a westward to
a northeastward track. As the upper trough
moved eastward, a middle-and upper-level
ridge built northwest of Lex. The steering
currents veered from southwesterly to north-
easterly in response to the intensifying
subtropical ridge, and Lex turned to a south-
westward track.

Lex continued to intensify slowly dur-~
ing his southwestward movement, reaching ty-
phoon strength of 65 kt (33 m/sec) at
3106002. Shortly after 020000z, Lex again
changed direction and headed on a northward
track through a break in the subtropical
ridee. The break developed as a trough
deepened to the north over the Sea of Japan.
At the same time, anticyclonic cells inten-
sified at all levels to the southeast and
west-southwest of Lex.

Lex executed a cyclonic loop while ac-
celerating northward and, before completing
the loop, reached his maximum intensity of
80 kt (41 m/sec). The satellite signature
for Lex at maximum intensity is illustrated
in Figure 3-12-2, Upon exiting the loop, Lex
continued tracking north until a deep surface
low and associated cold front began moving
eastward across Japan. As the frontal system
approached from the west, Lex commenced re-
curvature to the northeast and accelerated
slightly. The slow entrainment of cold air
caused Lex to weaken and transition into an
extratropical system. The last warning was
issued for Lex at 0700002 August 1980.

it

FIGURE 3-12-2. Typhoon Lex at maximum intensily of
80 Rt (4] m/sec), 2 August 1980, 22422. Two Jima <&
about 155 nm (285 km) west of Llex. (NOAAS imagery)
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Marge was the sixth tropical cyclone ‘'
reach typhoon strength during 1980. She
developed west of the Marshall Islands in
an area that had shown considerable insta-
bility since Typhoon Lex passed through
the area in late July.

The convection that signaled Marge's
formation first appeared on satellite imag-
ery at 0512002 August 1980. Because of
continual intensity variations in the con-
vection, the tropical disturbance was not
considered suspect until 060600Z when it
was first mentioned in the Significant Trop-
ical Weather Advisory Bulletin (ABEH PGTHW).
Through most of this period, the convection
was embedded in a broad easterly flow. Ty-
phoon Lex still displayed considerable
influence over the region, causing the
usual easterly current to be diverted
northward over the Mariana Islands (Fig. 3-
13-1). By 0600002, Lex had moved far enough
to the north that his influence over the
easterly flow had weakened and the surface
flow had split. One current was still
drawn northward toward Lex, while the other
current curved southward between the Mar-
shall Islands and the Northern Mariana

_}hf'—‘fw 7 A R
‘bzﬁﬂ“ ReTKs? e !

TYPHOON MARGE (13)

Islands. The southern current was drawn
back into a broad low-level circulation
between the eastern Caroline Islands and
the Marshall Islands (Fig. 3-13-2). Satel-
lite imagery showed an increase in convec-
tion corresponding to this change in the
flow pattern.

Convective activity appeared to con-
solidate near 15N 153E by 0616002. The
convective area continued to expand and by
0700002 covered an area nearly 5-degrees
square, with the most intense activity re-
maining near 15N 159E. Fost-analysis shows
that Marge formed during the period bet veen
0700002 and 071200Z. An evaliation of the
satellite imagery for this time period in-
dicates that tropical depression stage was
attained at 0706002. By 0712002, a north-
south trough oriented along 160E was ana~-
lyzed at the surface/gradient level. The
circulation associated with Marge appeared
to be part of this trough (Fig. 3-13-3).

The first reconnaissance into Marge, at
0805332, observed surface winds of 35 kt
(18 m/sec) and a central pressure of 998 mb.
Based on these data, the initial warning on
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FIGURE 3-13-1. The 0512002 August 1940 surface
(———-\llgnadcent-tevu (ddde——§§) wind data
Wind speeds are 4in knots.

and streamline analysis.

53

T A

iy AL 000 1




52

OO m

-——

(s

\

T A
“pyouy wy 2w vPadde puIN 3%»93 ? Se pup

vyop pm (§95——3ppp) TRAIF-PUAIPT :(l.l
My 0861 :smi 8826 ML cz-€1-6 2Ol

7T

=Y
/ ;
+—+

A

L

8.

W

é_ t

A

)
*

/]

S

1 LS
o

1
Q

ey

1/

SO2 t

A

/1

o

0
[
-

L
1
B .

4

-4

NV

i
=t

TR
=ﬁ?é,t<i;f“ it

i

E e T M T YRR TR

- i

A o o
il li

bl o ,.,.Z Il i ,5, il ._,,_ i _:,_

b A




il

il i
i s

s

CHICHL
1285 et

PUY

L4 t 151 4
r | 1wo 1

e R e

\
|

i\

ALAU i§

At —— 15
i \\
ES

L O -
MAJURO

T 4

N

\‘.rm‘m\_
3 it OF |

—w N

FIGURE 3-13-3. The 071200 August 1980 surface
——J/gradient-Level (ddde—§§) wind data

and streamline analysis.

Tropical Storm Marge was issued at 080800z.

Marge initially followed a generally
west-southwestward track. Objective fore-
cast aids showed considerable scatter at
this stage, a common occurxrence during the
formative stages of a tropical cyclone. A
mid-tropospheric ridge was analyzad to the
north of Marge. The key questions at that
time concerned the status of this ridge,
i.e., was it strong enough to keep Marge on
a west-southwestward track, or was there a
weakness which could allow her to recurve to

Wind speeds ane in knots.

the north-northwest. The 0800002 00 mb
streamline analysis (Fig. 3-13-4) indicated
that Marge was located in a col, thus provi-
ding a channel for a more northerly track
than predicted by climatology. The 500 mb
reconnaissance data provided by the 54th
Weather Reconnaissance Sguadron north of
Marge proved very valuable in locating this
col. A sequence of satellite fixes between
0816002 and 0823302 was the first indication
that Marge was reacting to the weakness in
the ridge and had started a northward turn.
A 0903002 satellite position fix, combined
with aircraft fixes at 0906152 and 030839z,
confirmed the northward track.
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Marge continued northward for 17 degrees
of latitude on a track between two centers
in the subtropical ridge. During the north-
ward trek, Marge intensified to typhoon
strength which she maintained for nearly 5
days. A minimum sea-level pressure of 94i
mb supported a maximum intensity of 110 kt
(56 m/sec) (Atkinson and Holliday, 1977} for
18 hours (Fig. 3-13-5).

FIGURE 3-13-5. Visual satellite .imagery of Typhoon
Marnge just aften neaching maximum & Ly and
miniaum sea-Level pressuwne, 10 August 1980, 21242.

{NOAS imagery)
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By 1312002, Marge began to encounter
strong upper-level westerlies. A second
course change accompanied by gradual acceler-
ation and weakening began at that time.

Marge tracked east-northeastward and contin-
ued to accelerate under the influence of the
strong mid-latitude westerlies. The final
warning on Marge was issued at 1518002 as

she transitioned into an extratropical cy-
clone and merged with a mid-latitude lcw
pressure system.
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F:GURE 3-14-01.
nfsec) {ntensity just prion 2o landfall on the east
coast of luzon, 14 Augusl 1980, 231771 (NOAAS imag-
TD i4 weakened rapidly over the mountains cf
tuzon and never aeintensified oves the South China
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Sea as was expected.

Lo BTN o s e e

I
! :,||| il '“"hml ||<

59




LRI L T e

U B

et e o4
PN .
s 3% v u..o,EL‘

. 4 - 1 . QINss| ONINYVA 15V1 XL N
] + i 1. . 1 QINSSI ONINYVM 15d14 ¥ ]
- ol , L g 10V1S ONILYAISSIQ +se
p—tpnt pomnp—mp—t e et ot o 4 et eG4 - IVINIONIVALIXT ¢2¢ —{st
I T | S S gsm e S Gy
15 >
« AL -+ p v3iom 4 £ 4 e 1
o L4 2SI nvIvd NOOHdAL — {
- : 1 - + . , WHOL5 1¥DIdO¥L — ~ + !
13 1 . ava 1 1L { NOISSIdI0 1VDIdO¥L v+ | :
3. 13 1 1 i i " i " 1 N i ’~ I3 'l 3. 1 i 1. L J &vms muz<nxshw—o J(U_&O‘h b ,,”
e e LI Bt e )T S e B L Z0000/XX 1¥ NOILISOd > =+ | \
. ] . : ANSNIINI @ ) b

INIWIAOW 40 03348 Vv
11SOd %DV3L 1538 3NOH 90 tr—ri

aN3oa L1\ .
- ol L1t b
b
et i, |
L 0
NouYW — b s . Y
+ + N"——.vﬂm_.lifhm.. H .y - " ..T..;.“
?zﬁwﬁ . 1 mx
. | I [
- be bt 4 fend obomg s fom femcbennd
et . L .
SBW 056 d15 WNWINIW N i i I !
SIN 06 GNIM 4S8 XVW . 4 1 . . k)
0861 ONV 8T-ONV ¥2 . 4 A . .
§1-D1 MOwal 1538 N PP EPENEFENR L S —
SI3YON NOOHdAL \h\s A ) i 1 !
[ s
oov " ;
| . Yo | ; )
; i e y - P ; | o
|
I
!
o T T T T RO S - (s S D-Jamenv diiinieis s st C e

"

T |

e




i
R,

A Ao e

-+ m—

.
A

T

A~

P

N

-

i

™

TYPHOON NORRIS (15}

The near equatorial trough was reestab-
lished between Guam and Ponape as Typhoon
Marge moved northward toward Marcus Island
on 10 August. A weak surface circulation
developed along the trough axis south of
Guam and slowly drifted toward the Philippine
Islands over the next two weeks. Although
this disturbance never developed into a sig-
nificant tropical cyclone, it played a major
role in delaying the intensification of a
disturbance that tracked westward from Wake
Island and eventually became Typhoon Norris.

A deep Tropical Upper-Tropospheric
Trough (TUTT) was first analyzed on the
151200z 200 mb analysis over the Marshall
Islands from Wake Island southwestward tc
Truk. Sparse surface data gave no indica-
tions of a perturbation in the low-level
tradewind flow at that time.

For the next seven days, the TUTT and
associated convective activity to the south-
east migrateu slowly westward. Figure 3-15-1
depicts the position of the TUTT in relation
to the area of enhanced convection that even-
tually developed into Typhoon Norris. It was
not until 2112002 that the upper-level dis-
turbance was reflected at the surface as a
weak circulation.

The increased convection and resultant
heating of the upper troposphere, as the

FIGURE 3-15-1, 2100007 August 1980 200 b streamline
analysis superirposed on satellile {magery at 2022001.
This {igure depizts convective activity asseciated
w6ith upper-Level cucleonic circulations and the
enkanced convection scutheast of the TUTT that cven-
tuatly developed into Typhoon Noxris, [NOAAS imagery)
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disturbance approached a position north of
Guam, is graphically illustrated in Figure
3-15-2. The streamline analysis reveals the
development of a sharp ridge which built
northeastward toward Marcus Island and even-
tually split the TUTT into two cells. By
2300002, an upper-level anticyclone had
formed over the surface disturbance, and, as
the disturbance continued to organize, a
Tropical Cyclone Formation Alert was issued
at 230900z, The preceding discussion illus-~
trates the initiation of a tropical cyclone
induced by upper-level divergence and
enhanced convection southeast of the TUTT
cell (Sadler, 1978). Norris tracked virtual-
ly straight west-northwestward at an average
speed of 12 kt (22 km/hr) from the time of
first warning as a tropical depression at
240200Z until iandfall on northern Taiwan at
271600z. This straight track was due to the
strong mid-level subtropical ridge which
extendec along 27N from southern China east-
ward to the International Dateline during the
latter part of August.

The circulation mentioned earlier near
the Philippine Islands prevented Norris from
developing and intensifying more rapidly.
The surface flow pattern was split between
the two circulations until 2600002 when the
other circulation finally went ashore over
Luzon and dissipated. With all t-e low-
level inflow now available, Norris intensi-
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= $ FIGURE 3-15-2. 2200007 August 1950 160 eb sfreamiine
atafysis superirpesed on satedlite {magesy at 2121002,
= This figure Llfustrates convective keating which
buift a shatp tidge fe the cast cf the TUTT celd.

= . This xdidge pushed the TUTT notrthwasd and eventually
split it {nfe e cells. [NCAAS imagety)

fied quickly from 50 kt (26 m/sec) and 985 b
at 2600002 to a peak of 90 kt (46 m/sec) and
950 mb about 36 hours later.

Norris' equivalent potential temperature
3 (8o) and minimum sea-level pressure (MLSP)
curves intersected at 2600002Z. Using JTWC's
8o/MSLP study (see discussion on Super
Typhoon Kim), Norris®' sea level pressure was
expected to fall 44 mb and maximux surface
winds to increase 55 kt (28 m/sec} beyond
that point. It seems very likely that this
intensification would have occurred if land-
fall on Taiwan had not taken place within 42
hours.
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The well-established mid-level ridge
north of Norris, with a strong high pressure
cell located between Taiwan and Okinawa, was
responsible for the climatological west-
northwestward track with Norris skirting the
northern tip of Taiwan. However, with Norris
500 nm (926 km) southeast of Taiwan, the
2600002 500 mb analysis indicated that the
ridge was beginning to weaken between Taiwan
L and Okinawa with the high pressure cell
retreating northeastward to 5 position east
of Okinawa. By 2612002, 2 definite break in
A the ridge was evident with the high cell now
over the Bonin Islands and a secondary cell FIGURE 3-15-3. Tuphoen Netsds 20 nm {37 Bm) sculh-
located near 25N 112% over southern China. east of Yoragunefima {828 slalien 47912} and 95 n~ -
The numerical forecast series during this {176 kn} scutheast ef Taiped near peak nfersily of
period also supported the persistence of this 90 kt 145 =fsec), £7 August 1980, 10512 {NOMRS
break. Thus, JTWC's warnings after 2600002 trageru}. Yeragunifima tepented sustadred winds of
were consistent in forecasting recurvature §0 EL {31 m/sec) onc heutr {alex.

,
£4.5%

TR

>
kg

et

L

P

I
RS
o
A

o

i
o
M

62

|
Lo L s ket

-

1
|

il

=

i
L)
-
P A
1
’
]
.

i
{
A




north of Taiwan and along the coast of =ain- Xorris' track acreoss Taiwan, c‘:a'zge in
land China into the Korea Strais. speed, and cobserved weakening were classic
exanples of the effects of Taiwan on tropical
Norris passeé 10 n= (18 k=) southwest of cyclones {Braré and Blellioch, 1973). The
Yonaguniiima at 271200Z. At thas time, the =ountainous terriain of Taiwan appafe...lv pro-
islané reported southcast winds of 80 x+t {3. duced an induced surface low on the loe side
z/sec) ané a sea-level pressure of 952.2 =b of the mountain range, resulting i:z th
(Fig. 3-15-3). VXorris :hen turneé to a core marked increase :n speed andé the westward
= wesiwaré irack towaré northern Taiwan. bend in Norris® track.
= ¢ Exceli ent radar co-.'erage fro= the islanc
s stat ions of Ishigak =3 and Miyakojima ané & south of "u-C’-c‘ on main-
E H :x-Lien on T n permitted JTHC to land China s::“;:':'ed about 2809002 and,
= ) Nerris as he iracked across Taiwan and ei:hough peneirating deeper miané than fore-
= i orsosa Strait jus of Hsin- cast, ¥orris eveatua nor
ngest surface nds ket (20 waré ané the cJemnant
= ! . h gusts to £3 kt (33 =fsec) on systez that moved cu
= i northern Taiwan were reported by Taipei a:z Sea of Japan.
E 2716092 (Fig. 2-15-31.
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TROPICAL DEPRESSION 16
AND TYPHOON ORCHID (17)

FIGURE 3-17-1. Sateflite imageny showing extensive

anoRganized convection in the vicinity of Guam, 05
Septemben 1980, 21502 {NOAAé imagery). This imagery
along with synoptic and aircragt data supponted the
decision to issue the §inal warning on 7D 16. The
4increased convection east and nonth of Guam also a~
Lonted JTWC to the possible development of another

disturbance between Guam and Saipan.

The discussion for Typhoon Orchid would
be incomplete without reviewing the brief
life of Tropical Depression 16. Both systems
developed near the eastern extension of the
monsoon trovgh. The dissipation of Tropical
Depression 16 was followed by the subsequent
development of the disturbance which became
Typhoon Orchid. The influence of the monsoon
trough was investigated to explain the struc~
ture of these cyclones and, ultimately, to
offer an explanation for Orchid's mos* unusu~
al behavior south of Japan.

During the first few days of September,
the monsoon trough was evident as far east as
160E along O5N. Satellite imagery on 2 Sep-
tember indicated increased convection near a
weak circulation al the eastern end of the
trough. The first of tws formation alerts
was issued at 0214002. Further development
was not observed on satellite imagery during
the next 36 hours. A reconnaissance aircraft
at 0401552 located a closed surface circula-
tion with 25 kt (13 m/sec) maximum winds and
a minimum sea-level pressure of 1002 mb. The
first warning on TD 16 followed at 040600%,

and during the next 42 hours, JTWC tracked
the depression as it moved west-northwestward
Aircraft investigations during this period
showed a largely unorganized system. Unlike
the investigation at 0401552, these investi-
gations repeatedly suggested that multiple
centers existed in the area. Post-analysis
indicated that sometime during the 42-hour
period, the surface center associated with TD
16 weakened within the trough while JTYC con-
tinued to follow a persistent convective cen-
ter to the west.

Althougih TD 16 continued to weaken, warn-
ings were still issued because the potential
for significant tropical cyclone development
remained high in the region. Another distur-
bance eventually developed northeast of TD 16
as TD 16 weakened. Satellite imagery re-~
ceived at 0521502 (Fig. 3-17-1) sh,wed that
the entire area near Guam was under extensive,
but apparently unorganized convection. The
final warning was issued for TD 16 when air-
craft reconnaissance at 0600502 failed to lo-
cate a significant surface circulation.
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By 0600002, satellite imagery indicated
that a tropical cyclone formation alert was
required for a rapidly developing disturbance
just north of Guam. A reconnaissance aircraft
investigated the disturbance at 060120Z but
was unable to close a surface circulation.
The aircraft and synoptic data showed an ex-
tensive light and variable wind area extend-
ing more than 100 nm (185 km) west of the
disturbance. Synoptic data, nevertheless,
indicated that gale force winds (greater
than 33 kt (17 m/sec)) existed in the east-
ern semicircle of the disturbance. After
coordination with forecasters at Naval Ocean-
ography Command Center, Guaml, a gale warn-
ing was issued for the area. The first warn
ing for Tropical Storm Orchid was issued at
070200Z. This warning was based on aircraft
reconnaissance at 0700052 which observed 45
kt (23 m/sec) surface winds in the northeast
quadrant of the storm. The same aircraft ob-
served only 10-15 kt (5-8 m/sec) northwest
winds in the western quadrant, indicating
that a closed surface circulation existed
only for 6-12 hours before the first warning

on Tropical Storm Orchid.

During the five-day period from 02 to
08 September, the axis of the monsoon trough
moved from 05N to 18N. A near equatorial or
buffer ridge developed at low latitudes and
extended from the Philippines to the east of
Orchid. The pre-existing subtropical ridge
north of Orchid and the presence of the near
equatorial ridge provided a broad wind band,
which extended counter-clockwise from the
south-southwest of Orchid to the northwest
at distances as far as 800 nm (1482 km) from
oOorchid's center. A composite surface stream-
line analysis from 07000Z to 0912002 indi-
cates that this pattern maintained itself,
virtually unchanged, during a 60-hour period
during which Orchid moved west-northwest at
12 xt (22 km/hr). Figure 3-17-2 shows this
pattern with the 0812002 surface wind field
around Orchid superimposed. After 0912002,
the northwest wind component strengthened
around Orchid as the monsoon trough began in-
teracting with a mid-latitude trough in the
east China Sea.
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FIGURE 3-17-2. A composite surface streamline anal-

ysis 0f Zhe monsoon irough
?aom 0700002 to 0912002.

based on data collected
The 0812002 streamlines

dashed Lines) arne superimposed fon Oxchid.

1 The Joint Typhoon Warning Center functions
operationally under the command of the Naval
Oceanography Command Center, Guam (NOCC).
Destructive wind warnings for the western
North Pacific are included in the services
provided by NOCC.
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Although TD 16 and Typhoon Orchid de-
veloped in the same location with respect to
the monsoon trough, it now appears that TD
16 failed to intensify because it could not
sustain its own circulation pattern indepen-
dent of the enhanced flow around the trough.
Orchid sustained an independent circulation
beginning on 7 September.

By 090000z, Orchid had moved north into
the subtropical latitudes near 23N. The mon-
soon trough was showing signs of weakening,
and by 0918002, the eastern portion of the
wind band collapsed into Orchids's circula-
tion pattern. Interaction with the mid-lat-
itude trough moving east from Asia signalled
the beginning of a change in Orchid's trajec-
tory towards recurvature. The numerical prog-
nostic series indicated a further eastward
progression of the mid-latitude trough, but
the series did not reflect the presence of
Orchid at the middle and upper levels of the
troposphere. Initial recurvature tracks anti~
cipated a deepening of the trough and eventu-
al recurvature southeast of Japan. The trough
stalled near 130E, however, and the opportu-
nity for recurvature was delayed until Orchid
approached the Ryukyu Islands about 12 to 18
hours later.

In post-analysis, JTWC often finds some
phenomenon that is not evident to the fore-
caster in real-time but which explains the
motion or character of a tropical cyclone. In
Orchid's case, JTWC was well aware of her cir-
culation pattern; what wasn't known wae the
effcct of this circulation pattern on Orchid's
trajectory. Once formed, Orchid moved to the
west-northwest at a nearly constant speed.
During this portion of her track, Orchid was
well behaved and there was no known "rule of
thumb® which would have provided JTWC with a
prior warning of the motion that the cyclone
would undergo in the 36-hour period beginning
at 090600Z2. Beginning at 0906002, Orchid exe-
cuted three high speed cyclonic loops while
maintaining an overall forward speed of 14 kt
(26 km/hr) toward the north. Satellite, air-
craft, and radar surveillance provided dense
reconnaissance coverage of Orchid during these
loops (Fig. 3-17-3). Orchid finally stabi-
lized on her northward track just prior to
landfall on Kyushu, Japan. Figure 3-17-4 il-
lustrates an expanded surface best track, a
partial 700 mb track based on aircraft data,
and the overall smcothed track, which may have
been followed by Orchid at some level above
700 mb. An analogy which may offer some in-
sight into Orchid's unexplained motion is
given next.

Before offering the analogy, some con-
jecture is required based on the assumption
that Orchid's circulation pattern relative
to the broad-scale circulation was "condition=-
ally” unstable, i.e., all the forces acting on
Orchid were only in balance as long as she
maintained a constant heading. Aas Orchid ap-
proached the mid-latitude trough, this balance
was interrupted and the potential unstable
character of the cyclone, embedded in this
particular syncptic pattern, was realized. One
analogy that can he used to explain the tra-
jectory involves a child's toy top. The top,
inherently unstable because of its small base
and wide body, will spin uniformly about its
axis as long as it maintains equilibrium. A

loss of rotational speed or a tap along the
side will cause the top to stumble and the
base will appear to accelerate alo” - a pre- H
dictable looping pattern until the cop's sta-
bility is either restored or it comes to rest.

It is suggested here that the effect was vir-
tually the same when Orchid began interacting
with the mid-latitude trough. The best track
shows that Orchid regained her equilibrium
within the mid-latitude trough prior to mak- .
ing landfall in southern Japan. Orchid did
not loop again and she returned to a slower
speed of 18 kt (33 km/hr) prior to acceler-
ating during the extratropical transition
period.

Orchid caused considerable damage and
loss of life in Japan and Korea. High winds
and torrential rains associated with Orchid
were blamed for six deaths, numerous inju-
ries, and considerable damage to crops in
southern Japan. At least three deaths were
reported in South Korea as Orchid moved east
of KRorea into the Sea of Japan. Another 112
fishermen were reported missing in the Korea
Straits following Orchid's passage.

MU B Wh 1 b

FIGURE 3-17-3. Typhoon Onchid, near maximum inten-
3ty, completing the second of three cyclonic Loops,
10 September 1980, 06252, (TIROSN imageny)
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Typhoon Ruth was the second of five
typhoons occurring in September. Unlike the
other typhoons, Ruth begaa as a monsoon de~-
pression in the South China Sea on 1l Septem-
ber. For two days, the depression remained
quasi-stationary with the weak surface cir-
culation embedded in the monsoonal trough.
Synoptic data on the 13th, however, indica-
ted that the circulation was intensifying;
also, satellite imagery showed that it was
forming :1ts own outflow center. As a result,
JTWC issued a foriulion alert at 1300472.
Later satellite data showed that further de-
velopment had occurred which prompted the
first warning to be issued on TD 18 at
1306002.

During the early phase of development,
TD 18 tracked slowly southward, steered by
the near surface wind flow. By 131800z, TD
18 had intensified to Tropical Storm Ruth
and had started to track northwestward at an
accelerated forward speed of movement. For
the rest of her existence, Ruth tracked
along the southern periphery of the 500 mb
ridge which was centered over southern Main-
land China. She reached her first maximum
intensity of 45 kt (23 m/sec) prior to land-
fall over Hai-Nan Tao, but quickly weakened
to minimai tropical storm strength while
over the island. Ruth entered the Gulf of
Tonkin on the 15th and, during her transit,
rapidly intensified to typhoon strength with
a maximum surface wind of 65 kt (33 m/sec)
and a minimum sea-level pressure of 975 mb.

Brand (1970) summarized the finding of
Perliroth (1969) who showed that wvertical
temperature diffcrences becween the ocean
surface and the 200 ft (6} m) water depth
have an important effect on development of
tropical cyclones. Perlroth reported that
approximately 90% of the tropical cyclones
that reached hurricane intensity in the equa-
torial Atlantic from 1901-1965 occurred where
the climatological difference between the
ocean surface temperature and the 200 £t (61
m) temperature was 3.9C degrees or less.
Climatology for September shows that the Gulf
of Tonkin has warm seca surface temperatures
(29C) and a vertical temperature gradient
along Ruth's track which is within the con-
straints reported by Periroth for intensifi-
cation to typhoon strength. ‘Thus, the north-
ern portion of the Gulf of Tonkin can serve
as a sufficient heat source for tropical cy-
clones, such as Ruth, to intensify when con-
ditions are favorable. This apparently is
true despite thz fact that the Gulf is sur-
rounded on three sides by land.

7

TYPHOON RUTH (18)

Ruth made landfall at 1600002 south of
Thanh Hou, Vietnam. Nearly half a million
people were left homeless with 106 persons
known dead or missing 1in Vietnam. Ruth also
caused massive crop damages and interrupted
communications in the area.

After landfall, Ruth again weakened and
dissipated as a significant tropical cyclone.
The remnants of Ruth tracked west-southwest-
ward for the next two days and Cissipated
over the Bilauk-taung Range along the border
of Burma and Thailand.
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TYPHOON PERCY (19}

FIGURE 3-19-1. Trepical Stoxm Peacy at 45 kt (23
mfsect intensily, 14 September 1980, 2333z, Pevcy's
{ow-Level center at that time was peariiaffy cxposed
on the nesthcastewn edge of a large cemvective axea.
(NCAAS imagery)

The disturbance which eventually devel- By that time, the mid-tropospheric, mid-
oped into the tenth typhoon of 1980 became latitude trough had moved eastward, and
evident on satellite imagery at 1306002 Sep- Percy®s track, in response, shifted from a
tember 1980 as a focal point of cumulus northward to a more climatological west-
banding. This development occurred at the northwestward track as the ridge extended
base of a mid-tropospheric, mid-latitude eastward north of Percy. Percy's development
trough that extended south of Japan along was slcw at this time as scatter between
133E. with further intensification likely, satellite and aircraft fixes indicated that
a Tropical Cyclone Formation Alert {TCFA) he was poorly aligned in the vertical. Con-
was issued by JTWC at 1321572. An aircraft vection on satellite imagery was displaced
reconnaissance investigation soon afterwards southwest of Percy's surface center. The
found a well-developed closed circulation mid-tropospheric ridge that extended from
with 1500 ft (457m) flight level winds of eastern China along 28N to a position north
35 kt {16 m/sec) and a minimum sea-leve of Okinawa also restricted upper-level out-
pressure of 992 mb. Upon receipt of th-.- flow in Percy's northern semicircle. Between
data, the first warning on Tropical Storw 15 and 17 July, however, reconnaissance air-
Percy was issued at 140600z. craft consistently reported decreasing

heights and increasing temperatures near the
700 mb center (Fig. 3-19-1).
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buring this time, Percy decelerated and
began moving erratically. He eventually com-
pleted two tight cyclonic loops while inten-
sifying to typhoon strength by 1602002,
Shortly afterward, at 1602482, aircraft
reconnaissance reported that the eyewall had
become fully enclosed. JTWC forecast signi-
ficant intensification for the next 36 hours
as the Thecta E (6,) forecast intensity aid
(see summary for guper Typhoon Kim) indicated
an approaching intersection of the 790 mb
equivalent potential temperature trace and
the minimum sea-level pressure trace.

buring Percy's period of erratic move-
ment, there was speculation that a Fujiwhara
interaction might develop between Percy and
then Tropical Storm Sperry, which was locat-
ed 800 nm (1575 km) to the east. A compari-
son of the post-analysis best tracks for
Percy and Sperry shows that the two vorticies
were never close enough for an interaction to
occur {Brand, 1968).

Interestingly, Percy did dominate much
of the low-level circulation pattern between
ihe two systems. A reconnaissance aircraft
mission flown between Percy and Sperry
indicated that the wind shift from southerly
to northerly {low did not occur until about
100 nm (185 km) west of Sperry's surface
center (Fig. 3~19-2).

Significant intensification did take
place as Percy's eye gradually grew tighter
and sea-level pressure continued to fall
(Fig 3-19-3). An aircraft £ix at 171306Z
indicated a 700 mb height of 2387 m, which
extrapolates to a sea-level pressure of 919
mb and supports maximum sustained surface
winds of 125 kt (64 m/sec). Due to his prox-
imity to Taiwan, however, »ercy then began
to slowly weaken. A subsequent reconnais-
sance aircraft at 1716162 reported a rise
in the 700 mb level to 2407 m. Approximately
9 hours later, Typhoon Percy made landfall
on the extreme southern tip of Taiwan.

FIGURE 3-19-2.

Peacy just pr-2x Lo xeacking ty-

rheen strength during the pevxd of exalic move-
ment cvex the Piilippine Sea, 15 Seplembey 1330,
23112, (NOAAS (nftazed {magery §
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FIGURE 3-19-3. Tupheen Percy with 110 kt (57 m/sec)
maximum surface winds while intensiiying rapidly to
neat supek tupnem strength, 17 September 1980,
05452, {Tises N dmageny)
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W The island of Taiwan so disrupted Per- Newspaper accounts of Typhoon Percy's
= v cy's low-level inflow that he was never able landfall over southern Taiwan indicated 7
= ] to significantly re-intensify. Despite dead and 16 injured. Heavy rain accompany-
= i emerging over the Formosa Strait, Percy ing Percy damaged 140 homes, flooded rice
‘3 continued to weaken almost as quickly as he £izld=2, and destroyed banana crops.
= 15 had intensified only a day earlier. By

3 1821002 he had made landfall on the coast
= iz of China about 240 nm (444 km) east of Can-
= 5 ton, with estimated maximum sustained sur-
= ¥ face winds of 45 kt (23 m/sec). Percy
= 1 continued to track inland and dissipated

{ several hours later over the mountains of
= N Mainland China.
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Tyshoon Sperry develop=d in the =onsoon
trough cast-southeast of Guan. The distur-
bance was first reported in the Significant
Fropical weather Advisory (ABEH POT®) on 12
Septecsber as an area of showers and thunder-
showers. Sparse synoptic cdata dié not indi-
cate that a surface circulation existed at
that tize. However, the upper-air pattern
was favorable for continued developsent.
Sperry developed slowly and was deseribed in
the ABEH PGIW on 14 Septexder as a largz sur-
face circulation with little organized coavec
tion. A well-defined upper-level anticyclone,
which provided a gcod outflow =echanis= for
continued developoent, existed over Sperry.

The initial warning for Tropical Depres-
sion 20 was issued at 150000Z. Post-analysis
indicates that Sperry had actually attained

“~ Z

TYPHOON

tropical stors= strength of 35 kt (18 =/sec)
by that time. The 1412002 500 =b analysis
{Fig. 3-20-1) and the 72-hour nunmerical fore-
cast series (see Fig. 3-20-2) suggested that
a straight forecast track toward Kyushu, Japan
was most likely bazcause the forecast series
built the subtropical ridge northwestward
toward Japan. Thus, on the initial warning,
Sperry was forecast to track along the south-
ern periphery of the 500 = subtropical ridge.
An early recurvature track was not considered
likely due to the forecast intensificatior of
the subtropical ridge.

By 1600002, it was evident that the sub-
tropical ridge was not building as forecast.
Southerly steering flow was evident south and
east of Japan. Sperry was being steered by
the nid-level southeasterly flow and was ex-
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FIGURE 3-20-2. The 48 Hour 500 mb numerical fore-
st chart based on the 1412007 Septemben 1980 com-
puten analysis, JTWC's 1500007 September forecast
track for Spony 48 akso Aindicated, fnom initeal
position to the 72 hour forecast position.

Wi Gy

pected to continue to follow a north-north-
westward track until he moved north of the
ridge axis. Then strong mid-level westerlies
were expected to dominate. Therefore, a re-
curvature track and a weakening tendency over
Japan was forecast. This change to a recur-
vature track was supported by the 1612002 T

B A

500 mb analysis (Fig. 3-20-3) and the 72-hour

numerical forecast series (see Fig. 3-20-4).

Sperry did, in fact, recurve, but significant— T
1y south of Japan as the subtropical ridge
retreated to the southeast. This discussion
of the forecast tracks for Sperry illustrates
the difficulties that JTWC encounters both in
analyzing the axis of the subtropical ridge
in data sparse regions and interpreting the
guidance from numerical forecasts for the
same region.

As- Sperry began to recurve on the 17th,
the estimated maximum surface wind speeds
were consistently higher than supported by
the maximum wind/minimum sea-level pressure
(MSLP) relationship of Atkinson and holliday
(1977} . Maximum winds of 65 kt (33 m/sec)
and MSLPs of 992 mb were observed by aircraft
reconnaissance. A MSLP of 992 mb corres-
ponds to a maximum wind of 45 kt (see Fig.
3-05-2). These stronger winds were probably
due to an increased pressure gradient re-
sulting from the higher environmental pres-
sures at subtropical latitudes.

&

FIGURE 3-20-3.
Tneanline an

e

The. 1612002 Septemben 1980 500 mb
analysis. Wind speeds ane in knozs.
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FIGURE 3-20-4, The 48& hour 500 mb numer :af forecasi
chand based on the 1612007 September compi.len analy-
848, JTWC's 1700007 September fonecasi track for
Sperny is akse indicated, §rom initial position Lo
the 72 hour fonecast posilion.

Sperry did not begin to weaken signifi-
cantly until the 19th because his eastward
movement kept him over warmerx water for a
longer period of time and also kept himsouth
of the strong mid- to upper-level westerlies
which would have weakened him due to strong
vertical wind shear.
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TROPICAL STORM THELMA (21)

Thelma began as a disturbance in the
monsoon trough approaimately 100 nm (185 km)
north-northeast of Saipan. Although Thelma's
forecast track posed few problems, analysis
of the cyclone was not straight-forward due
to Thelma's very abnormal structurec.

Satellite imagery began showing intensi-
fization of convective activity in the maxi-
mum cloud zone within the latitude belt 10-20N
from southeast Asia to the Marshall Islands
on 23 September. A significant area of con-
vection developed in the monsoon trough near
Saipan early on 2} September. This convec-
tion gradually increascd and began suggesting
the presence of a surface circulation later
on the same day. Data at 500 mb, howeier,
indicated that the curvature in the cloud
signature was associated with a mid-tropo-
spheric circulation as no circulation was
apparent from surface,yradient wind data. A
carculation at the surface/gradient level was
finally analyzed just south ot Guamat
2412002Z. By 250000Z, the low-level circu-
lation that produced Thelma was analyzed
over the Northern Mariana Islands (Fig. 3-22-
1). This circulation continued to develep
and drift westward while becoming the domi-
nant circulation in that portion of the mon-
soon trough.

From her onset, Thelma did not display
classical troprcal sterm characteristics.
Height gradients observed by reconnaissance
aircraft at 700 mb vere very flat; thus maxi-
mum winds near the center were significantly
lower than suggested by the central sca-level

pressure {(Atkinson and Holliday, 1977). Also,
the maximum wind band was some distance away
from the center, and the 700 mb temperature
field showed higher temperatures outside the
cyclone center for most of the early aircraft
penetrations. Table 3-3 presents a summation
of aircraft data and highlights the points
preserted above. Figure 3-22-2 shows the re-
connaissauce data plot for the last daylight
penetrat.on of Thelma. The wind field and
other data presented on the plot are fairly
representative of Thelma's entire life.

As previously stated, Thelma's track pre-
sented no real problems. Streamline analyses
at S00 mb showed that Thelma developed just
south of a break in the subtropical ridge.
After following a northwesterly course, Thel-
ma first turned northward and almost immedi-
ately thereafter began to track northeastward.
Cyclogenesis/frontogenesis occurred simulta-
neously in a baroclinic zone that persisted
throughout Thelma's life in the area from
Okinawa northeastward to a point off the
coast of Japan. The continual presence of
this surface trough appears to be one of the
factors that directed Thelma's northeastward
movement (Fig. 3-22-3). Upper-level steering
was provided by relatively strong westerlies
which reached south to the Bonin and Volcano
Islands. During her northeast trek, Thelma
reached maximum intensity of 55 kt (28 m/sec).
Purther intensification was probably sup-
pressed by restrictions on her upper-level
outflow. Thelma continued to accelerate
toward the northeast and transitioned into
an extratropical low pressure system by
0400Z on 30 September.

TABLE 3-)
Maximum Temperature Intensity (KT) Bearing/Range
Central Pressure -
pDate/Time ] Inside Center Outside Center Cbserved Atkinson/ of MAX FLT LVL
o

% ¢ Surface Holliday Wind (DEG/NM)
27/15302 12 13 993 N/O 42 100/136
28/03082 14 15 989* 30 48 320/110
28/14182 12 15 987 N/O 50 240/40
29/02582 14 10 982 55 57 350/:10
29/15002 13 13 981* N/0 59 120/150

Aircraft data extracted from detailed vortex messages and peripheral

central pressure extrapolated from 700 mb data.)

FIGURES 3-22-1, 3-22-2 and 3-22-3 are on the following pages.

81

data observations.
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Plot 0§ aircradt neconraissance data
September 1980 §ix of Tropical Stoam

The 2800007 Seplember 1980 surface
)/gnadient-Ltevel (ddde—<{4) wind data and
Winds speeds are in knots.
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TYPHOON VERNON (22)

During the latter part of summer, tropi- and Tropical Storm Thelma engaged in just

cal cyclone activity in the northwestern such an interaction during the end of Sep— 4
= Pacific reaches its peak. Multiple circula- tember and beginning of October. A
E tions develop within the Near Equatorial N
=} Trough and two (or more) cyclones of tropi- Vernon was first observed, as an area of
= cal storm or typhoon strength often exist at increased thunderstorm activity, about 200 nm
= g the same time. (370 km) northeast of Eniwetok Atoll on 26 i
= 4 September. Initial movement was westward at *
= H If one tropical cyclone is located to about 7 kt (13 km/hr). As the convection 3
= the northwest of another developing circula- continued to organize, a Tropical Cyclone !
E - tion, it usually dominates and prevents the Formation Alert (TCFA) was issued at 270600Z, g_
= system to the southeast from intensifying as and the first warning followed 12 hours later. r
= rapidly as it normally would. This is due : E
E primarily to the upper-level outflow from During that period, Tropical Storm
4 ; the system to the northwest which enhances Thelma was developing north of Guam. Thelma, E
= i the climatological northwesterlies and re- although never more than tropical storm s
= 1 stricts the outflow channels of the cyclone strength, nonetheless had a huge associated '
= ! located to the southeast. The cyclone to cyclonic circulation pattern which extended ’
F { the northwest is also, generally, the older to at least the 500 mb level and covered most
; of the two and has the opportunity to estab- of the area between the Philippine Islands
lish control of the low-level inflow. The and Guam, and as far north as southern Japan. E
5 s development of the system to the southeast Because Thelma covered such a large area and 3
3 : is, therefore, delayed until the other cy- was located to the northwest of Vernon, she ]
=3 clone either weakens or moves far enough robbed him of strong low-level inflow and
= away from the tropics that its influence be-~ restricted the upper-level outflow in his }
E comes insignificant (see Roger and Tip, 1979 northwest semicircle in the manner described
= ’ and Lex and Marge, 1980). Typhoon Vernon above. E
= 1 | £
= ) i
= : . ~
= . L ¢ i
= T
= i | ;
E : i
: ' / ]
= 1 }
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E g FIGURE 3-22-]. Upper-Level streamline analysis
E {neax the 200 mb feveli al 2900007 Seplemben 1984,
= 3 Data are aacinsonde ard aircradt winds | —ug®land
= 3 satellite-denived wind vectors | —»— ). Winds are
e § - in knots.
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Aftexr the 28th, Vernon began tracking
more northwestward as he mcved into the mid-
level trough which was associated with Thelma.
Thelma helped to maintain this trough through-
out her lifetime as indicated by reconnais-
sance aircraft and the few island reporting
stations in the vicinity. Vernon was steered
by the southeasterly winds on the east side
of this trough until 0212002 October. At
that time, he came in contact with the
4 southern extension of the mid-latitude jet-
stream «shich accelerated him to the north-
east, eventually to 53 kt (98 km/hr).

Rl LSV N o

Figures 3-22~1 ard 3-22-2 show a
dramatic change which took place in the
upper-level flow pattern; the outflow from
Thelma initially restricted Vernon's out-
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' FIGURE 3-22-2. Uppa-Level streomline aralysis

H {rean the 200 mb Level] at 0112002 Octoben 1950.

: Data ane racinsonde and aireradt winds { —u9)
and satellite-derived wind vectons { ~—»— ). Winds
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flow in his northwest semicircle (Fig.
3-22-1), but by 0112002, Thelma had moved
off to the northeast. This opened up an
outflow channel to the north and northwest
(Pig. 3-22-2) which enabled Vernon to reach
his maxamum intensity of 105 kt (54 m/sec)
(Fig. 3-22-3). Without the influence of
TS Thelma, Vernon most probably would have
reached maximum intensity earlier and main-
tained it longer.

Vernon made the transition to an extra-
tropical system quite rapidly. Satellite
imagery showed that he lost almost all of
his heavy convection between 0312002 and
0318002. Ship reports off the coast of
Japan indicated that the remnants of Vernon
continued to maintain gale force winds until
5 October.
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SUPER TYPHOON WYNNE (23)

The disturbance that eventually developed
into Super Typhoon Wynne was evident on sat-
ellite imagery as early as 1800Z on 30 Sep-
tember, although at that time, it appeared
to be simply enhanced convection embedded in
the convergent inflow into “Typhoon Vernon lo-
cated 1000 nm (1852 km) to the northwest. By
020000Z October, however, the disturbance had
separated from the inflow into Vernon, and
by 0212002, the convective activity had in-
creased in organization with good curvature
and upper-level outflow evident from satel-
lite data.

The small scale of the disturbance and
the tightness of the circulation that charac-
terized Wynne during most of her life pre-
vented the circulaticn from appearing on
synoptic analyses and led to an underestima-
tion of severity during her formative stage.
These facts heavily influenced %he decision
to deiay the issuance of a Tropical Cyclone
Formation Alert for 21 hours, although post-
analysis indicates that tropical storm

trength was achieved as early as 0306002.

154E
O8N
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FIGURE 3-73-1. Plet of adsewais secennacssance dala
fot Lhe C401227 and €375327 Colobes 1980 dixes cf
Trepecat Stew= Sunne.

Because of her proximity to Gua=, nuder-
ous aircraft reconnaissance nissions were
fiown into the developing tropical cyclone.
This extensive coverage confirmed Wynne's
s=all circulation (Fig. 3-23-1 and 3-23-2)
and permitted JTWC to monitor her develop-
ment very cissely.

Although Typhoon Lex may have been the
most interesting cyclone of the year in terms
of movement, Super Typhoon Wynne proved to be
the most unusual in terms Of intensity oscil-
lations. As shown in Figure 3-23-3, Wynne's
early stage of development was characterized
by short periods of rapid intensification and
weakening, rather than by a typical smooth,
gradual intensification. Frcm 3 Cctober “o
7 October, Wynne's intensity and convective
activity fluctuated significantly, as she at-
tained Lyphoon or near typhoon strength only
to weaken to near tropical depression inten-
sity three times following a diurnal cycle.
Although not as marked as the oscillations in
the observed maximum winds, the mininum sea
lavel pressure also exhibited a cyclical os-
cillation that closely approximated the peri-
odicity of the maximum winds.

There have been documented cases of
tropical cyclones exhibiting intensity vari-~
ations (Hollicday, 1976). However, these
occurrences were limited to well-cdeveloped
typhoons with minimum sea level pressures
below 970 =b ané with a single weakening-
reintensifying cycle.

An examination of the snteliite imagery
during this period of large short-ter:
changes in intensity (Figure 3-23-4) reveals
that maximum activity in deep convection oc-
curred in the early morning hours (6700 to
0860 local time) with a minimum in the even-
ing hours (1900 to 2000 local time}. An in-
crease in cirrus toward the late afternoon
(1600 local time) was also evident. These
abservations agree with the findings of
Arnolé (1977). Although Arnold found no
evidence of intensity change accompanying
the change in cirrus or deep convection,
significant intensity change was cbserved
in the case of Wynne with a lag of € to 8
hours between maximum convective activity
and maxizum observed winds.

Wynne's third and £inal period of weak-
eniag occurced as she tracked 45 n= (83 km)
northeast of Guam. This weakening, cowbined
with her small circulation, resulted in
wWynne having virtually no effect on Guam.
Wynne continued to intensify rapidly fol-
lowing her third reintensification cycle at
0718002, attaining super typhoon strength
just 30 hours later and a peak intensity of
150 kt (77 m/sec) in another 6 hours. Fig~
ure 3-23-5 depicts wWynne near maxirum inten-
sity about 430 nm (908 k=) southeast of
Oxinawa. Minimum sea level pressure (MSLP)
during this 35-hour poriod dropped from 982
=5 to 890 m=b - a 31 mb/12 hr fall.

JTWRC's Theta E (8 )} /¥SLP study once
again accurately ptediSted this =xplosive
deepening as the 8_ and MSLP trace inter-
sected at 0814002.% wWynne's intensity peaked
16 hours after the time of intersection with
the surface winds increasing by 85 kt (44 n»/
sec) and tne MSLP falling another &2 mb.

As Wynne tracked north-northwestward
past Guam, she was expected to move through




gt ee w gt ,
P L AP, “re o

.
£ FRY s

L Atmeoll =5 NPT g

e

v

o iy

* 2
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an apparent weakness in the subtropical
ridge north of Guam. However, the weakness
between 25X ané 30N was evidently too far
north to permit her to break rough the
ridge, and she eventually came uncder the in-
fluence of the strong anticyclone located
between Okinawa and the Bonin Islands. Post-
analysis of available 500-mb data indicates
that a change to a =ore westward forecast
track around the southern periphery of the
anticyclone could have been made 2§ hr ear-
lier. Once the forecast track was changed to
reflect the shift in the synoptic flow pat-
tern to a =ore definitive easterly steering
current, JTWC was consistent in accurately
predicting recurvature just west of Okinawa.
wynne actually recurved 100 nam (185 k=) west
of Okinawa, and her slow 7 kt {4 m/sec) bend
around the island brought over two days of
torrential rain and winds gusting to wmore
shan 65 kt {33 m/sec). Very few injuries
were reporied with farm crops receiving the
major wind damage. A small island 30 n= (56

FIGRES 3-23-3 and 3-23-4 ate on the {ollowing rages

x=) northwest of ~rcinawa and closer to wynne's
path, however, reported winds of 100 kt (51
r/sec) and severe damage.

Once north oi the ridge axis, wynne
tracked virtually straight east-northeastward
on a heading of 070 degrees. This coursekept
her approximately 80 am (148 k=) from the
coast of Japan. Thirty (15 =/sec) to forty-
five kt (23 =/sec) winds were reported by
Japanese coastal stations as Wynne acceler-
ated northeastward. Heavy rains claimed sev-
eral lives and flooded over a thousand homes.

As Wynne accelerated past Japan at speeds
excecding 40 kt (74 km/hr), the vertical wind
shear and the influx of cooler, drier zir re-~
sulted in rapid extratropical transition. A
reconnaissance aircraft at 1415002 was unable
to find a circulation at 700 =b and satellite
imagery at 1518002 revealed no active convec~
tion. The rexnants of wWynne eventuaily were
abscrbed by a developing low pressure systes
east of Japan.
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duning the period of intensily oscillations. The se-
quence shows definife weakening of the deep convection
during the fate evening (particularly the 042011 Local
and 061316 Local imageries), gollowed by a notice-
abfe {ncrease in the convection on the moaning satel-
Lite imageny. ARE times fLocal. (NOAAS and TIROS N
dmagery) ’ .
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Tropical Storm Alex, the 24th tropical
cyclone of 1980, was induced by a Tropical
= Upper Tropospheric Trough (TUTT) in a manner
similar to that described by Sadler (1976).
A small disturbed area of convection drift-
E ing westward from near 170E was observed on
satellite imagery on 7 October. By the 8th,
this area had come under the influence of a
relatively strong upper-level divergent area
generated by a dissipating TUTT cell. The
convection increased noticeably with outflow
to the north, but little outflow was evident
in the southern and western quadrants.

il
-

-

The restricted outflow pattern was char-
y acteristic throughout Alex's existence and is
i attributed to the proximity of Super Typhoon
H Wynne, which was located west of Alex. Alex's
H coexistence with Wynne was significant in
i light of Wynne's overall dominance of the
; western Pacific region. Wynne absorbed much
i of the energy that otherwise would have been
available to Alex (Fig. 3-24-1).

H Satellite imagery showed that the con-
vective area continued to persist until late
on the 9th when JTWC issued a Tropical Cy-
clone Formation Alert (TCFA). Aircraft re-~
connaissance on the 10th found a weak surface
circulation with the associated convection lo-
cated north and east of the surface center.
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TROPICAL STORM ALEX (24)

Nearly the <nrtire western half of the circu-
lation was gxposed at that time.

For the following 48 hours, the distur-
bance intensified gradually and tracked north-
westward at 12 kt (22 km/hr). At 1206002,
the first warning was issued for TD 24. With-
in 24 hours, TD 24 intensified to Tropical
Storr: Alex with maximum surface winds of 35
kt (18 m/sec). At that time, Alex's low-
level circulation center was not exposed to
the west, but aircraft reconnaissance encoun-
tored only weak convective activity arcund
th2 circulation's center. During the next 6
hours, Alex recurved to the northeast and
weakened to 30 kt (15 m/sec) intensity.

After Alex had recurved, Alex and Wynne
were within 800 nm (1482 km) of each other
such that a Fujiwhara effect was possible.
This was not observed, however, because Alex
and Wynne werxe both bLeginning to interact
with the jet stream which became the dominant
steering mechanism over both cyclones. Due
to this jet stream, Alex rapidly accelerated
northeastward. At 1400002, JTWC issued the
final warning on Alex as he was beginning to
transition into an extratropical system.
Satellite imagery received after the final
warning showed that the transition was very
rapid.

FIGURE 3-24-1. Visual imagetwy of Tropical Stonm
{15 m/sec} intensity, 12 October 1980,
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Betty, the 25th significant tropical cy-
clone of 1980, developed east of Truk Atoll
from a weak disturbance which had been moni-
tored for almost a week in the eastern Caro-
line Islands. Just prior to passing south
of Guam, Betty attained typhoon strength and
then continued to intensify as she tracked
into the Philippine Sea. About 12 hours
prior to landfall on Luzon, Betty reached
her peak intensity of 125 kt (64 m/sec).
During the 18 hours that Betty tracked over
north central Luzon, she weakened consider-
ably, but in the process caused extensive
damage and loss of life. Downgraded to trop-
ical storm strength, Betty moved northeast-
ward through the Bashi Channel and eventually
dissipated as a weak extratropical low
southeast of Japan.

p—
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%

Betty had her origin in a weak distur-
bance south of Truk which showed increased
potential for development on the 27th and
28ch of October. The 2800002 gradient level
winds from Truk and Ponape, as well as low-
level winds from a weather reconnaissance
flight west of the disturbance, indicated a
closed circulation with 20 to 25 kt (10 to
13 m/sec) winds. At 2808002, a Tropical
Cyclone Formation Alert (TCFA) was issued
and, during the alert period, the distur-
bance veered sharply to the east as it ap~-
aproached Truk on an erratic course from the
i south. After veering, hourly reports from
Truk and satellite imagery indicated in-

. creased organization, and the first warning
for TD 25 was issued at 290000Z with maximum
surface winds of 30 kt (15 m/sec).

OP————L A

Despite the erratic movement shown during
its formative stages and the apparent north-
eastward trajectory TD 25 had assumed by the
first warning, the initial and subsequent
warnings correctly identified a west-north~
west track which indicated passage just
south of Guam. However, due to limited mid-

level (700 mb or 500 mb) steering data
i north of Betty, the first six warnings
failed to adequately forecast her accelera-
tion which resulted in a speed of movement
of 21 xt (39 km/hr) as she passed Guam. As
a result, aithough the 72 hour forecast posi-
tion of the second warning predicted Betty's
exact position as she passed south of Guam,
the average vector error during this period
was very high. The 72 hour forecast posi-
tion mentioned above, had a total error of
585 nm (1083 km) due to the acceleration
which caused Betty to reach the 72 hour
point in just 34 hours! Such errors result-
ing from under forecasting speed of movement
highlight the importance of adequate migd-
level data in the steering current. Wwhen
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TYPHOON BETTY (25)

available, especially from reconnaissance
aircraft, such data usually increase the
ability of forecasters to evaluate tne po-~
tential for changes in the short-term, as
well as long-term motion of tropical cyclones.

After passing south of Guam, Typhoon
Betty turned west and conti.:ued to intensify,
reaching 100 kt (61 m/sec) 48 hours later.
During this period, the 500 mb analyses be-
gan to show a short wave trough moving east
through mainland China. JTWC forecasts keyed
on this feature and, based on computer-deri-~
ved prognostic charts, recurvature was ex-
pected to begin near 125E by 030000Z. The
probability of this forecast verifying in-
creased when, at 0200002, the short wave
trough deepened as it moved off Asia. How-
ever, by 0212002, Betty unexpectedly turned
southwestward. By 0300002, the trough had
moved quickly eastward north of Betty and
the opportunity for recurvature had passed.
Shortly afterwarcés, attention focused on
another short wave moving through China and
recurvature was again forecast to occur, this
time just east of Luzon. By 0400002, how-
ever, available 500 mb data did not show any
significant amplitude to this trough and the
recurvature track was abandoned ir. favor of
a northwestward track over Luzon into south-
ern China,

Although Betty continued to intensify
after passing Guam, the data normally used
to evaluate a tropical cyclone's intensity
showed considerable scatter. Figure 3-25-1
graphically depicts these data as well as
the final best track intensities. In search-
ing Zor an explanation of the scatter, the
comments from mission ARWOs on 01 November
and 04 November may offer some insight con-
cerning the character of Betty during this
period. On the 0115942 mission: “Although
this storm (Betty) was strong, it had no eye-
wall. The most fascinating feature was the
rotating feeder band of convection that {as
spiralling inward at an enormous rate." ~On
this single fix mission, a maximum 700 mb
flight level wind of 95 kt (49 m/sec) was
observed. However, daylight missions bafore
and after this mission estimated surface
winds in excess of 100 kt (51 m/sec) (Fig.
3-25-2). On the 0322002, 0401502 and
0403402 fix missions, it was observed that
"Typhoon Betty.....was a textbook typhoon.
Everything was aligned perfectly.*? At
0406002, Betty reached her peak intensity of
125 kt (64 m/sec). The development of a
textbook typhoon correlated closely with
the r2duction in scatter between maximum
surface wind estimates shown in Figure
3-25-1.

1Candis L. Weatherford, 1 LT, USAF, Mission
ARWO.

zJamen B. Near, 1 LT, US3®, Mission ARWO.
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AIRCRAFT SURFACE:

FIGURE 3-25-1.

Time seades of varicus {intensity

pasametess evaluated by JTWC while Belty was at {y-
phoon staength. Nete the fawge scatier in the traces

witit 0405062,

The decision to abandon a forecast re-
curve track east of Luzon put the central
and northern provinces of Luzon on alert.
At G41600Z, Typhon Betty, packing 120 kt
(62 m/sec} winds, slammed into central Lu-
zon south of Cape San Ildefonso. Most wea-
ther observing stations stopped reporting
prior to Beity's approack, so her actual in-
tensity as she crossed Luzon can only be
inferred from a JTWC study of prior tropi-
cal cyclones crossing the Philippines
{(sikora, 1976), satellite imagery (Dvorak
intensity estimates), and aircraft recon-
naissance reports just prior to and after

Betty crossed Luzon. However intense Betty
may have been, there is little doubt that
she was one of the most destructive typhoons
of recent history. 1Initial reports re-
ceived several days after Betty crossed Lu-
zon indicated at least 81 people dead,
thousands homeless, and extensive crop
damage from flooding and mudslides. The
Cagayan Valley in northern Luzon, hard hit
by Betty, lost most of its rice crop from
floodwaters which rose to roof-top level in
some areas. Philippine Defense Minister,
Juan Ponce Enrile, described the Cagayan
valley from a helicopter survey, stating,
"It looks like a sea from the air."
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As Betty weakened over Luzon, the ridge
that influenced her track into the philip-
pines broke down, thus, allcwing her todrift
northward along the Cordillera Contral Moun-
tains and eventually to be drawn into the
weak Short wave trough which had stalled off
the coast of Taiwan. Emerging frox Luzon as
a 45 kt (23 m/sec) tropical storm, Betty

never regained her earlier fury as she
noved east of Taiwan and the Ryukyu Islands
before undergoing an extretrepical transi-
tion just prior to 080000Z. As an extra-
tropical system, the remnants of Betty did
not persist long. This once powerful ty-
phoon was last observed 12 hours later dis-
sipating southeast of Honshu, near 32N 143E.

FIGURE 3-25-2. Duting this stage of Typhoon Belfty's
davelepment, {ntense banding was xeported by aia-
craft reconnacssance aleng with axeas of suriace
winds in excess of 100 &t {51 mfsec), 31 October

1980, 22572. (OAAS {magery)
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TROPICAL STORM CARY (26)

Tropical Storm Cary was first observed
as a area of increased convective activity
east of the Palav Islands on the 25th of
October. A Tropical Cyclons Formation Alert
(TCFA) was issued a day later when the dis-
turbance had moved to a position about half-
way between Yap and the Palau Islands.

All convection associated with this cir-
culation dissipated shortly afterward, how~
ever, leaving only n exposed low-level
circulation center. Over the next 24 hours.
the system moved west-northwestward toward
the Philippines. Just east of the Phillip-
pines, the convection again developed and 30
kt (15 m/sec) winds were reported fronm

coastal stations. Based on this information,
a second TCFA was issued at 2822002.

The circulation maintained its indenti-
ty as it passed over the Philippines just
south of Clark AB and Subic Bay Naval Sta-
tion. The first warning on TD 26 was issved
at 291200Z as the disturbance was roving into
the South China Sea. Tropical storm strength
was reached 6 hours later.

Tropical Storm Cary moved west-north-
westward and then west-souvthwestward in
response to a low-level northeast monsoonal
surge {Fig. 3-26-1) and eventually dissi-
pated over Vietnam on 02 XNovember.

FIGURE 3-26-1. Tropical Sfowm Caty near slsimos in-
tensity 4in the Scuth China Sea. The sutrface centex
{8 pastially exposed as indicated by the cwomulus
banding scutheast o3 fhe main convection, 01 Novembex

1950, 00332. [MUAAS imgeny)
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Dinah, the €inal typhooa of the 1980
season and the third tropical cyclone this
season to threaten Guam, began to develop in
aid-Nove=>er as a focal point of cumulus
banding exbedded in the monscon trough ori-
ented east-west near Rwajalein. Initial
cdevelop=ent of this syste= was slow and
erratic, as four successive Tropical Cyclone
Formation Alerts (ICFAs) were issued for this
area betwcen 18 and 20 Nove=ber. On the 2lst
however, this syste= finally established a
well-developed outflow pattern, and its
heaviest =ssociated convection, which was
initially =ore evident along the periphery
of the circulation, began to coasolicdate
about the systex='s center. The first
warning on Tropical Storm= Dinah was issued
at 2106602, At that time, having estab-
lished z well-cdeveloped outfliow to all
guadrants, Dinah intensificd rapidly and
subseguently reached typhcon stirength at
2118602, just 12 hours after the initial
warniag.

o

TYPZOON DINAH (27}

A post-analysis of Dinah's developsent
reveals sc=e unigue properties. First, she
exhibited a very co=pact circulation, which
she maintained throughout her lifespan as a
tropical cyclone. The 30 kt {15 =/sec) wind
radivs was significantly less than norzal.
Secoad, a persistent easterly flow occurred
rear the scrface during Dinah®s initial de—
velopoent and may have been 2 primary factor
for her slow and erratic develog=ent. For
example, the surface analysis at 2000002
{Fig. 3-27-1} indicated an associated surface
circulation near 4% 168E ané a brisk easter-
1y gradient-level flow north of the surface
circulation. This flow pattern resulted in
both the abmor=ally rapid move=ent of the
developing systen asd an unusually pI i
asy=setzy in her wind field which displaced
the maxi==n wind band to the north of the
circulation center. A subsequent surface
analysis, at 23112002 (Fig. 3-27-2}, however,
dic not indicate 2 surface circulation, but
rather weak easterly flow south of where the
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FIGURE 3-27-2. The 2012002 November 1980 surface

{ )/gnadient-Level {(ddd¢——a§} wind data and
tu ine analysis. Wind speeds ane in knots, @
indicates satellite position cf Dinah at about the

same time.
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circulation's position was indicated in sat-
ellite imagery. At the same time, cyclonic
flow was present over the area at 500 mb and
a closed cyclonic center existed just north-
west of the disturbance at 200 mb. In view
of the above data, it is probable that Dinah
developed from a mid- or upper-level cyclone
that subsequently generated its own surface
circulation. The Aerial Reconnaissance Wea-
ther Officer (ARWO)1 aboard the initial
f£light into what ultimately became Typhoon
Dinah, stated “"the storm was compact, with a

.y sharp pressure gradient and good band-
ing....We had difficulty closing off the
circulation to the north and norxthwest
because it may just have actually closed
Citself] off".

By the time Dinah intensified to a ty-
phuon, she posed a definite threat to Guam
within 48 hr: thus, the decision was made to
evacuate military aircraft from the island.
A comparison of the 500 mb analysis (which
is generally considered the primary steer-~
ing level for tropical cyc nes) just prior
to and subsequent to the a .craft evacuation,
demonstrates the great importance of enroute
aircraft reports of flight-level winds
(AIREPS) and the significance they can make
to a tropical cyclone forecast. The 500 mb
streamline analysis at 2112007 (Fig., 3-28-3)
shows a strong anticyclone near Marcus Is-
land and strong ridging west-southwestward
toward the Philippine Islands. In response,
JTWC forecast Typhoon Dinah to pass just off
the northeastern tip of Guam. The next 500

/ L]
3
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4 Lo ° L
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FIGURE 3-27-3. The 2112007 November 1980 500 mQ wind
data and streamtine analysis. Wind speeds are in

knots,

1Richard F. Ferris, 1 Lt, USAF: Mission ARWO

104




o

1 e e

e

-

P e

p Y P

o~
i

-
=

mm"m

™

mb streamline analysis at 2200002 (Fig.
2 28-4), which was augmented by a series of
*PS taken by an evacuation flight en-

ate from Guam to Okinawa, enabled JTWC to
analyze a reakness in the ridge just north
of Guam. In view of this new information,
JTUC amended Dinah's forecast track to pre-
4ict that Dinah would track near Saipan vice
Guam. Because Dinah was so compact, this
small change in track was enough that Guam
received very little wind as Dinah passed to
the northeast, but Saipan and nearby Tinian
received typhoon-force winds and sustained
extensive damage.

Dinah continued to intensify rapidly as
she began to move into the weakness north of
Guam toward the Northern Marianas Islands.
Dinah subsequently crossed the northeastern
portion of Saipan at 2218452 and reached
maximum intensity at 2221002, with maximum
sustained winds of 100 kt (52 m/sec) and

W1 ] I | I

3ot 2
1 T

gusts to 130 kt (67 m/sec). After crossing
Saipan, Dinah contirued to move through the
weakness in the ridge near 140E and began to
recurve to the north on 23 November., She
then weakened and accelierated to the north-
east in response to a mid-tropospheric long-
wave trough which was moving eastward past
Marcus Island on the 24th. Dinah transi-
tioned to an extratropical cyclone by 2512002z,

Damage to the islands of Saipan and
Tinian was massive, with 60 homes destroyed
and another 214 homes suffering damages.
Saipan, in the aftermath of Typhoon Dinah,
was completely without power for several
days and 85 percent of the water system was
not functioning. Carlos S. Camacho, Governor
of Saipan, estimated damages totalling 7 mil-
lion dollars. Shortly after damages were
assessed, President Carter declared the area
a major disaster area, enabling the area to
qualify for federal disaster fund relief.

143 +

A g 4 SE S § . 4
NaMA L i ! / / .».
* bttt — N
v

uoe

-

L ™

At

g !
P4

16!

A b 4t
A4
L
.

i
t

e

LITHE

e

-4

e ~
t +—+—t +—+ N
4/.. AP

.: PALAU |s£§\l/.
I 3 / et ™

<

FIGURE 3-27-4. Thke 2200007 November 1980 500 mb w.ad

data and streamline analy.

Guam to Ohinmm.

105

848, Wind speeds are in
knots. Note the AIREPS nonthwest of Guam which were
provided to JTWC by a Navy aircragt evacuating §rom
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TROPICAL STORM ED

Tropical Storm Ed was the Tast signifi-
cant tropical cyclone to deve.op in the west~-
ern North Pacific in 1980. Ed was never
forecast to reach typhoon strength due to the
strong vertical wind shear which developed in
the vicinity of the Philippine Islands during
the last half of December.

Tropical Storm Ed was first observed as a
disturbance near Yap on the 14th of December.
The disturbance moved westward at between 12
and 15 kt (22 to 28 km/hr) as its convective
actavity and overall organization continued
to improve. A Tropical Cyclone Formation
Alert (TCFA) was issued when a reconnaissance

1 . SHANGHAI S
Pttt LY Y H—t—rt A‘i t—-4
e L8
4 Al T
4 3 yy
i no | )
. i 271>
fie ®
pt—t—r———+ <
A7,
1$ v RS

aircraft observed a well-defined low-level
circulation with a minimum sea-level pressure
of 1004 mb. The first warning on Tropical
Storm Ed was issued at 16C0002Z2 when 50 kt

(25 m/sec) surface winds and a 991 mb pres-
sure were reported. Maximum surface winds
were consistently observed northeast of Ed
in a region of enhanced pressure gradient
between the cyclone's center and a strong
surface ridge.

It became evident from synoptic analyses
that Ed was moving into an area which was un-
favorable for continued development. Figures
3-28-1 and 3-28-2 are representative of the

CHICHI
JIMA

Tttt ——+
WO JIMA

FIGURE 3-28-1. The 200000 December 1980 surnface
{—\)/gradient Level (<“—(} wind data and stream-
Line analysis in the vieinity of Taopical Stoam Ed.
Wind speeds ane .01 knots.

107




basic flow patterns which existed at the sur-
face and 200 mb levels during most of Ed’'s
existence. The strong surface ridge men-~
tioned above e»tended from the Asian mainland
into the Pacific Ocean north of Ed and main-
tained a st-ong northeasterly low-level flow
in the vicinity of the Philippine Islands

weaken as his convection moved off to the
northeast, but it also helped to maintain a
confused steering flow which ainduced Ed to
follow an erratic course while he was north-
east of Simar.

Eventually, after most of his convection
had been sheared off, Ed's surface center be-~

I

{Fig. 3-28-1). At the same time, strong
southwesterly flow at the 200 mb level was
present off the east coast of the Philip-

gan to track to the southwest under the in-
fluence of the strong surface ridge to the

W

pines (Fig. 3-28-2). The resultant strong north. Dissipation as a significant tropi-
vertical wind shear not only caused Ed to

cal cyclone was completed on the 24th as the
remnants of Ed moved into northern Mindanao.
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FIGURE %-25-2. The 2000002 Decemben 1980 200 mb
streamline analysis. Wind speeds axe in knots.
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2. NORTH INDIAN OCEAN TROPICAL CYCLONES and one that began in the Bay of Bengal (TC
27-80) and tracked south of India into the

Arabian Sea. This was a dramatic decrease
During 1980, there was a notable lack of from the 1979 total of seven which was the
significant tropical cyclone activity in the greatest number observed in the two areas
Nortn Indian Ocean area (Table 3-3). Two since JTWC expanded its area ¢f responsibi-
tropical cyclones developed near the end of lity westward to include the Arabian Sea in
the year: one in the Arabian Sea (TC 23-80) 1975.

TABLE 3~-3 NORTH INDIAN OCEAN

1980 SIGNIFICANT TROPICAL CYCLONES

CALENDAR MAX NUMBER
DAYS CF STC COF LiSTANCE

CYCLONE PERIOD OF WARNING WARNING WIND(KT) WARNIMNGS  TRAVELLED(NM)

TC 23-80 17 KOV-19 NOV 35 8 940
TC 27-80 16 DEC-17 DEC 35 6 2122

1980 TOTALS 14

TABLE 3-4

1980 SIGNIFICANT TROPICAL CYCLONE STATISTICS

NORTH

INDIAN OCEAN DEC

APR MAY JUN JUL AUG SEP OCT NOV

JAN  FEB MAR

0 o 1 1 2

[+

¢} 0

[ 0o 0

0 [

ALL CYCLONES

{1971-1979) AVERAGE* 0.1 o o 0.3 0.5 0.4 0 0 0.5 0.8 1.5 0.3 4.4

FORMATION ALERTS 2 of the 7 (28%) Formation Alert Events developed into numbered cyclones.

WARNINGS Number of warning days: S
Number of warning days with 2 cyclones: 0

Number of warning days with 3 or more cyclones: 0

*From 1971 throuygh 1979, oaly Bay of Bengal cyclones were considered: the JTWC area of responsibility was
extended ir. 1975 to include Arabian Sea cyclones.
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TC 23-80 was the first of only two sig-

nificant tropical cyclones in 1980 to occur
over the North indian Ocean. It developed
during the autumn transition season just

prior to the northeas® monsvon period. Orig-

inating as an area of echanced convection in

the monsoon trough off the southwest coast of

India, TC 23-80 tracked steadily northwest-
ward over the Arabian Sea between 12 and 17
November.

On 17 November, a mid-tropospheric
trough tracking eastward toward India began
to induce TC 23-80 to recurve to the north-

FIGURE 3-29-1. TC 23-80 just piion to securvature
over the Arabian Sea. The Low-Level secondary cin-
clation | @ ) 48 just beginning Lo develop on
Zhe extreme southuest edge of the main mass of con-
vection, 17 November 1980, 1539Z.  (NOAAS .imagery
grom AFGUC, Offutt AFB, Nebraska)

m

east. The main area of convection and the
associated low-level center did indeed begin
to recurve. However, satellite imageries,
which were evaluated during post-analysis
(Fig. 3-29-1), indicate that a second low-
level circulation formed southwest of TC 23-
80 on 17 November. The first circulation
continued northeastward and dissipated near
the Indian coast, while the secondary circu-
lation continuted moving westward as a well-
defined, exposed low-level circulation (Fig.
3-29-2). This secondary circulation eventu-
ally weakened and dissipated on the coast of
Saudi Arabia, five days after cyclogenesis.

FIGURE 3-29-2. The sccondary tcw-Level center as a
well-developed cireulation Lrackirg westward

Saudi Arabia, 19 November 19850, 03582, (NOAAS imagery
§rom AFGRC, 0f4utt AFB, Nebraska)
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CHAPTER I - SUMMARY OF FORECAST VERIFICATIOM

1. ANNUAL FORECAST VERIFICATION dividual tropical cyclones were calculated
and are displayed in Table 4-1. Annual
N a. Western North Pacifiz Area mean errors for all tropical cyclones are
listed in Table 4-2 for comparison. Fre-
F Forecast positions at warning times quency distributions of the vector errors
and 24-, 48-, and 72-hour valid times were for 24-, 48-, and 72-hour forecasts on all
verified against corresponding best tracks. 1980 tropical cyclones are shown in Figure
Vector errors and right angle errors for in- 4-1. Annual mean vector errors are graphed

in Figure 4-2.

TADLE 4-1, FORECASYT ZRROR SIMMARY FOR THZ 1982 WESTERS XORTH PACIFIC SICXIFICANT TROPICAL
QYCLONES (ERFCRS IN NAUTICAL MIiES)
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FIGURE 4-1. TFrequency distribution ef 1979 24-, 48-, and 72-heun {orecast victon exrons for all significant
fropical cyclones in the westean Newth Pacific.
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Intensity verification statistics
for al! significant tropical cyclones in the
western North Pacific area are depicted in
Figures 4-3 and 4-4. The average absolute
magnitude of the intensity error as well as
the intensity bias (algebraic average) are
graphically depicted.” This year's data show
that the absolute magnitude of JTWC's fore-
cast intensity errors (Fig. 4-3) has not
changed significantly from 1979 throughout 72

-KEY~-
JITWC amms
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COMB soevosiss
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FIGURE 3-3. Compatison of avetage intersily eviess
{magnitude] dex all cuclenes in the
westewn Noxth Pacdide.

hours. The mean algebraic errors (Fig. 4-4),
however, show that JTWC had a defini%e nega-
tive bias through 72 hours. This negative
bias means that JTWC consistently under fore-
cast tropical cvclone intensity during 1980.
verification of intensity forecasts by ob-
jective aids is also cepicted in Figures 4-3
and 4-4. (An explanation of the cbjective
forecasting aids is found in this chapter,
Section 2-Comparison of Objective Techniques.)
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FIGURE 4-4. Comparisen of avesazc {nionsily exwers
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b, North Indian Ocean Area

Forecast npositions at warningy, 24-,
48-, and 72-hour valid tizes weve veri<iag
for TC 23-80 and TC 27-50 by che sace ==thods
used for the western Xorth Pacific. it
should be noted that, du= to the abnormally
lov nu=her of Indian Ocean trapical cyclones,
the forecast error statistics are not consid-
ered to be representative of a significant

TAILE 3-).

izprovement in forecasting for that region.
Table 4-3 is the forecast error su=zmary for
TC 23-80 and TC 27-2). Table 4-{ contains
the annual avorage of forecast errors ba«k
throuch 1271. Yector errors are plotted in
Figure $-5. Saventy-two~hour forecast errors
were evaluated for the first time in 1979.

Forecast intensities aze not veri-
fied for North Indian Ocean tropical cyclones

FORENST KK SSWUANY FoR THE 1930 MOACN IITIAS OOFAS FISXIFIONST TESFIOAL JTTORTS.
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YEAR REGET ANGLE VECIOR

z - 210

= 1972 2 01 292
197 isz 7% 299

1973 137 81 238

4 1975 135 93 228

! 1976 13s 08 204

i 1937 32 3 252

s} 1978 133 25 202

1973 151 k-] Py
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2. COMPARISON OF OBJECTIVE TECHNIQUES
a. General

Objective techniques used by JTWC
are divided into four main categories:
(1) climatological and analog technique:s;
(2) extrapolation; (3) steering techniques;
and (4) a dynamic model. The analog tech-
nique provides three movement forecasts: one
for straight moving cyclones, one for recur-
ving cyclones, and one which combines the
tracks of straight,”recurving, and all other
cyclones that do not meet the criteria of
straight or recurving analogs. All objective
techniques, except the Tropical Cyclone Mo-
del (TCM), were executed using operational
data available at warning time. The TCM used
analysis fields for initialization that were
not available at warning time. The TCM fore-
casts were received at JTWC 9 to 12 hours
after warning time.

b. Description of Objective Techniques

(1) EXTRAPOLATION -~ A track from
the 12-hour old preliminary best track posi-
tion through the current warning position
which is linearly extrapolated to 24 and 48
hours.

(2) CLIM -- A climatological aid
which provides 24-, 48-, and 72-hour tropi-
cal cyclone forecast positions and intensity
changes for initial latitude/longitude posi-
tions. The data are arranged by months and
are based on historical data from 1945 to
1973,

(3) HPAC -- The 24- and 48-hour
forecast positions are derived from the mid-
points of straight lines connecting the 24 -
and 48-hour positions on the EXTRAPOLATION
track at the CLIM track.

(4) TCM -- The dynamic Tropical Cy-
clone Model (TCM) is a coarse mesh {220 km)
primitive equation model. The digitized
tropical cyclone warning position is bogused
in the 850 mb wind and temperature fields of

the FLENUMOCEANCEN Global Band Analysis.
Hemispheric forecast data are used on the
boundaries.

(5) CYCLOPS -~ An updated version
of the HATTRACK/MOHATT steering prcgram which
can provide steering forecasts at the 1000,
850, 700, 500, 400, 300, and 200 mb levels.
The program can be run in the unmodified or
modified version with analysis or prognostic
fields. The program advects a point vortex
on a preselected analysis and/or smoothed
prognostic field at designated levels in 6-
hour time steps through 72 hours. In the
modified version, the program uses the pre-
vious 12-hour history position to compute
the 12-hour forecast error and applies a
bias correction to the forecast positions.
As in previous years, the modified version
in the prognostic mode for the 500 and 700
mb levels was verified.

(6) TYAN78 ~- An updated analog
program vhich combines the earlier versions
TYFN75 and INJAH74. The program scans his-
tory tapes for cy~lones similar (within a
specified acceptance envelope) to the cur-
rent cyclone. For the NW Pacific region,
three types of 24-, 48-, and 72-hour posi-
tion and intensity forecasts are provided
(straight, recurve, and combined). For all
other regions, types of tracks are not segre-
gated.

¢. Testing and Results

A comparison of selected technigues
is included in Table 4-5 for all western
North Pacific cyclones and in Table 4-6 for
Indian Ocean cyclones. 1In Tables 4-5 and
4~6, "X-AXIS" refers to techniques listed
horizontally across the top, while "Y~AXIS"
refers to techniques listed vertically. The
example in Table 4-5 compares COMB to CY70.
In the 394 cases available for comparison,
the average 24-hour vector error was 133 nm
for COMB and 138 nm for CY70. The difference
of 5 nm is shown in the lower right. (Dif=-
ferences are not always exact due to compu-
tational round off.)
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STATISTICS FOR 24 HR FCSTS

JTWC RECR

ITWC 492 126
126 ]

341
135

122
13

403
1n

127
5

403 127 417 132

131 4 122 -13 132 -2 132 o *
L bt et M

CY?0 418 127 327 135 393 432 141
140 13 [

141

423
135

431
136 -4
153
136

130

137 -3

473 125 348 135 414 135 414 132 422 141 427 136 153 135 488 160
158 33 151 16 160 25 160 27 61 20 61 2% 166 31 160 o

478
142

424
143

465
129

415
131

478 130
330 [}

STATISTICS FOR YEAR

JTWC

OFFICAL JTWC FORECAST

STRAIGHT (TYAN 78)

RECURVE {TYAN 78)

COMBINED (TYAN 78)

CYCLOPS 700-MB PNOG

CYCLOPS 500-M8 PNOC

TROPICAL CYCIONE MODEL (ONE-WAY)
CLIMATOLOGY

12-HOUR EXTRAPOLATION

KEAN OF XTRP AND CLIMATOLOGY

295

]
295
21

295
-59

256
=33

296
=43

304
=62

294
=15

293
3

293
=50

STATISTICS FOR fEAR
JTHC

3es
0

242 451
27 451 <

4z 451
376 -

242 451
3713 =77

220 455
41¢ =38

228 454
412 -4

60 472
343 -128

. 239 446
415 =20

TABLE 4-5.
ERROR STATISTICS FOR THE WESTERN NORTH PACIFIC FOR 1380
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STATISTICS FOR YEAR 24 HR FCuTS

JINC

Y8

NUMBER X-AXIS
%78 6 122 9 141 or TECHNIQUE
14 -8 141 © CASES ERROR

Y=-AXIS ERROR
TECHNIQUE DIFFERENCE
cyso 5 129 5 117 s 99 5 100 ERROR =X

TcHo 3 M1 4 136 2 80 {2310

209
[}

4
209

209
-49

10
144

209
=59

10
129

209
=72

10
125

STATISTICS FOR YEAR

JIWC = OFFICAL JTWC FORECAST

TY78 - ANALOG (TYAN 78)

CY70 - CYCLOPS 700-MB PROG

CY50 - CYCLOPS 500+MB PROG

TCHO = TROPICAL CYCLONE MODEL (ONE-WAY)
XTRP = 12-HOUR EXTRAPOLATION

HPAC ~ MEAN OF XTRP AND CLIMATOLOGY

1 369
369 0

1 369 3 303
306 -62 303 0

1 369 3 303 6 401
504 135 418 115 401 0

1 369 3 303 6 401 6 158
221 ~147 200 =102 158 -24) 158 0

1 369 3 303 6 401 6 158
s -10 27y =31 260 ~140 260 101

STATISTICS FCR YEAR 72 HR FCSTS

JTHC TY78

1 167
167 0

S

1 167 2 427
389 222 427 0

0 1 465
0 77 =387

[¢] 1 465 1 681
0 681 216 681 0

2 427 1 681 2 304
138 304 -122 303 =377 304 0

2 427 1 681 2 304
636 209 760 79 636 332

P.—~

TABLE 4-6.
ERROR STATISTICS FOR THE NORTH INDIAN OCEAN FOR 1980
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CHAPTER X - APPLIED TROPICAL CYCLONE RESEARCH SUMMARY

1. JTWC RESEARCH

Part of the mission of the Joint Typhoon
Warning Center is to conduct applied tropical
cyclone research as time and resources permit.
The purpose of this research is to improve
the timeliness and accuracy of operational
forecasts. During 1980, there was continued
effort to convert and update operational pro-
grams and to streamline operational proce~
dures for compatibility with the Naval En-
vironmental Display Station (NEDS). The
following abstracts summarize the year's
applied research projects which were com-
pleted or arc still in progress.

EQUIVALENT POTENTIAL TEMPERATURE/MINIMUM SEA-
LEVEL PRESSURE RELATIONSHIPS FOR FORECASTING
TROPICAL CYCLONE INTENSIFICATION

(Dunnavan, G. M., NAVOCEANCOMCEN/JTWC)

A technique for forecasting rapid/explo-
sive deepening has been under operational
evaluation by JTWC for the past two tropical
cyclone seasons. The technique indicates
situations where significant intensification
can be expected to occur in the near future
based on the current 700 mb equivalent po-
tential temperature and surface prassure at
the cyclone center. Data from the past three
tropical cyclone seasons will be collected
and used to "fine tune" the temperature/
pressure forecast graph. The results will
then be published as a NAVOCEANCOMCEN/JTWC
TECH NOTE.

TROPICAL CYCLONE WIND RADIUS PROGRAM
(Huntley, J. E., NAVOCEANCOMCEN/JTWC)

A wind radius program, developed by
Holland (Bureau of Meteorology, Melbourne,
Australia) was adapted for use by JTWC fore-
casters on a TI-59 calculator. The program
requires the tropical cyclone's minimum sea-
level pressure and the radius of maximum
wind. This program is useful in data sparse
areas in the northwest Pacific and was modi-
fied to use Dvorak satellite intensity data
for Southern Hemisphere tropical cyclones.

EVALUATION OF OBJECTIVE TECHNIQUES
{Matsumoto, C. R., NAVOCEANCOMCEN/JTWC)

The 24-, 48-, and 72-hour position
forecasts from the CYCLOPS steering program
wr : evaluated during the 1980 tropical cy-
cione season. The unmodified and modified
versions in both analysis and prognostic
modes at the 500 mb level were compared
against each other and against the official
JTWC forecasts. Results indicate that none
of the versions of CYCLOPS was able to match
the official JTWC forecasts. However, the
modified prognostic mode was very competi-
tive and clearly superior to the other modes.
The modified analysis mode was a close sec -
ond, while the unmodified analysis mode per~
formed poorly.

EVALUATION OF THE NAVY NESTED TWO-WAY INTER-
ACTIVE TCM (NTCM)

(Matsumoto, C. R., NAVOCEANCOMCEN/JTWC)

The accuracy and timeliness of the new
NTCM were evaluated during the 1980 tropical
¢yclone season. Approximately 70 NTCM fore-
casts were received in an ARQ mode for tropk
cal cyclones commencing with Typhoon Norris
and ending with Typhoon Dinah. The average
turnaround time for these forecasts was two
hours. Preliminary verification indicates
that the forecasts, although more accurate
than the official JTWC forecasts at 48 and
72 hours, were not as accurate as the One-
Way interactive TCM that uses the analysis
fields instead of 12-hour prognostic fields
used by the NTCM.

A NEW TROPICAL CYCLONE FORECAST AID BASED ON
A BLENDING OF PERSISTENCE AND CLIMATOLOGY
{BPAC)

{(Weir, R. C., NAVOCEANCOMCEN/JTWC)

A program has been designed for use
with a TI-59 calculator which generates 12
to 72 hr forecasts. These forecasts are
based on a non-linear persistence developed
from the past 36 hr motion of a tropical cy-
clone and blended with climatology. The
blending routine gives less weight to per-
sistence at each forecast interval.

2. NEPRF RESEARCH

TROPICAL CYCLONE RESEARCH AT OR UNDER
CONTRACT TO THE NAVAL ENVIRONMENTAL
PREDICTION RESEARCH FACILITY (NEPRF),
MONTEREY, CALIFORNIA

THE NAVY TWO-WAY INTERACTIVE NESTED TROPICAL
CYCLONE MODEL (NTCM)

(Harrison, E. J., Jr., NEPRF)

A primitive equation, two-way interac-
tive naested tropical cyclone model has been
developed by NEPRF. Evaluation of the model
as a typhoon track forecasting aid was bequn
during the 1980 typhoon season. The model
is currently initialized from the FNOC glo-
bal band prognosis fields. Within the next
year the model will be coded for the new
CYBER 203 computer being installed at FNOC,
and will be initialized from the new global
model prognosis fields.

THE PERFORMANCE OF THE NTCM WHEN INITIALIZED
WITH GLOBAL BAND ANALYSES VERSUS GLOBAL BAND
12-HR PROGNOSES VALID AT THE SAME TIME

(Fiorino, M. and Harrison, E. J., Jr,
NEPRF)

The present version of the NTCM is ini-
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tialized with 12-hr old glokal band prognos-
tic fields because the tau zero analysis 1is
not available until several hours past warn-
ing time. The performance of the model in
1980 was not as good as expected considering
the results of the developmental evaluation
using test cases. Most of the difference is
thought to be because the test cases were
wnitialized with analyses. The 1980 fore-
casts are now being recomputed with tau zero
analyses. 1Initial results show differences
which hopefully can be quantified with more
cases.

THE EFFECT OF HEATING ON TYPHOON TRACK FORE-
CASTING USING THE NTCM

(Fiorino, M., NEPRF)

A major difference between the NTCM and
other typhoon model is the analytic repre-
sentation of the diabatic effects of cumulus
convection. To determine which characteris-
tics of the heating field have the largest
influence on the track, the heating profile
15 varied in space and time. Once these
characteristics (magnitude, spatial dastri-
bution, etc.) have been identified, an at-
tempt will be made to find an optimum set
of heating parameters for several storms
which can be related to satellite observa-
tions.

PREDICTING TROPICAL CYCLONE FORMATION 1IN
WESTPAC

{Lowe, P. R., NEPRF)

The "Genesis" program has been evaluated
from spring 1980 to fall 1980. The procedure
has correctly forecast all tropical cyclone
development during thas time period. Further,
false alarms were minimal in that only one
case was forecast to develop which subse-
quently did not develop (Tb-10). One proo=-
lem was 1isolated during the evaluation.
buring the months of August and September,
"Genesis" was prone to forecast development
somewhat prematurely. Subsequent analysis
of the program determined and corrected the
cause of the problem. "Genesis" became op-
erational in early October, A formal techni-
cal report on "Genesis" performance for the
year 1980 is planned.

TROPICAL CYCLOME STRIKE AND WIND PROBABILY -
TIES

(Brand, S., NEPRF, Jarrell, J. D.,
Science Applications, Inc., and Chin, D.,
Systems and Applied Sciences Corp.)

Tropical cyclone strike and wind pro-
bability is a method tor determining up
through 72-hr that a tropical cyclone will
come within or affect geographic points of
interest to the user. The cutput from thas
program can be used as an aid for operational
decisions associated with tropical cyclone
evasion, evacuation, and base preparedness.
Applications presently being developed, test-
ed and implemented include: strike andé wind
probability and geographic depictions in the
western North Pacific; optimum track ship
routing (OTSR) aspects in the wes:ern North
Facific: eastern North Pacific strike »roba~
bilities; and western North Atlantic and
Gulf of Mexico strike probabilities.

TROPICAL CYCLONE HAVEN STUDIES
(Turpin, R. and Brand, S., NEPRF)

Six additional ports and harbors have
been evaluated and will be forwarded as
change TWO to the Typhoon Havens Handbook
for the Western Pacific and Indian Oceans.

In addition, COMSECONDFLT and CINCLANTFLT
have requested 22 ports and harbors in the
Atlantic and Gulf of Mexico be evaluated as
hurrican havens. Work has commenced on these
port studies.

SOUTHERN HEMISPHERE UPPER-LEVEL TROPICAL CY-
CLONE STEERING TECHNIQUES

(Hamilton, H., Systems and Applied
Sciences Corp.)

The current automated objective steer-
1ng forecast technique (operationally termed
CYCLOPS) has been developed for operational

forecast use in the Southern Hemisphere.

TROPICAL CYCLONE SURFACE WIND DISTRIBUTION

(Tsui, T., Brand, 5., and Brody, L. R.,
NEPRF)

Based on data from 1966 to 1977 JTWC
tropical c¢yclone warnings, a statistical
wvind distribution forecast model has been
developed and tested. The results of the
statistical test, using the independent
data of the 1979 tropical cyclone season,
showed that the 30-kt and 50-kt wind radius
forecast model provides competitive automa-
ted forecasts as compared to the official
forecasts c¢f JTWC. The asymmetric nature of
a tropical cyclone is incorporated in the
model. In addition, a by-product cf this
model is suggested wind radius information
in a format for insertion into the tropical
cyclone warning.

TROPICAL CYCLONE INTENSITY

(Tsui, T., Brody, L. R., and Brand, S.,
NEPRF)

A climatology/persistence tropical cy-
clone intensity forecast model has been de-
veloped. The data base consists of 1966 to
1979 western North Pacific tropical cyclones.
Synoptic variables such as equivalent poten-
tial temperature are now being incorporated
as predictors in the model. Two other pre-
dictors which may be inc¢luded in the future
are the cloud-top temperature pattern and
the spiral pattern of the cloud bands de-
rived from the satellite IR and visible
imagery, respectively.

SATELLITE BASED TROPICAL CYCLONE INTENSITY
FORECASTS
(Brody, L. R. and Tsui, T., NEPRF)
The Satellite Processing and Display
system (SPADS) is being used both to test

available statistical algorithms and to de-
velop new statistical algorithms which make
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24~nr rorecasts of chaiiges i tropical cy-
clone intensity. These statistical algo-~
rithms are based on satellite-measured
aquivalent blackbody temperatures of cloud
tops surrourding tropical cyclones. IR da“a
for both GOES-LAST and GGES-WEST for the 1979
tropical cyclone season are being used in
this study.

AUTCMATIC EXTRACTION OF TROPICAL CYCLONE
SATELLITE WINDS

{(Lee, D. H., NFPRF)

Satellite winds of the quality, quanti-
ty, and density necessary for initialization
of tropical cycloine models can be quickly ex-
tracted from successive geostationary satel-
lite images using the System for Automatic
wWind Extraction from Geostationary Sateliite-
data (SAWEGS). This recently developed sys-
tem used Fast Fourier Transforms to extract
cloud winds by computing the cross-covariance
between images, and includes a unique edge
enhancement technique plus cther features
which allow the automatic production of winds
in tropical cyclone cases. Recent studies of
the application of SAWEGS to tropical cyclone
image sets have shown the good quality and
coverage of resulting vectors as well as the
system's remaining difficulties.

TROPICAL CYCLONE SPIRAL LINEARIZ, 'ION
TECHNIQUE

(Lee, D. H., NEPRF)

A new technique for quantizing informa-
tion inherent in the spiral banding structure
of tropical cyclones has been develcoped. The
Spiral Linearization Technique involves the
transfornation of a satellite image to polar
stereographic coordinates and subsequent re-
mapping into a selected spiral coordinate
system. Cloud structures which conform to
the spiral shape are portrayed as linear for-
nations after linearization. Statistical and
quantitative analyses of the linearized image
yield information on a cyclone's structure
which can be correlated with the cyclone's
characteristics and behavior. A system to
apply this technique is under development on
the NEPRF Satellite~-data Processing and Dis~
play System.

3. PUBLICATIONS

bunnavan, G. M., and Diercks, J. W., 1980:
An Analysis of Super Typhoon Tip (October
1979), Monthly Weather Review, Vol. 108. pp
195-203.

Super Typhoon Tip was an eventful trop-
ical cyclone which developed in the western
North Pacific in early October 1979. Be-
sides establishing the world's record fer
the lowest minimum sea level pressure ever
measured in a tropical cyclone, Tip also
possessed the largest surface circulation
pattern ever okserved for a trcpical qy-
clone. The development cvcle of Super Ty-
phoon Tip from a weak disturbance to a
mature typhoon to an extratropical system
is discussed in view of the retord breaking
performance of this typhoon.

Guay, G. A., 1980: Tropical Cyclone Fore-~
cast Verification as a Function of Recon-
naissance Platform, NAVOCEANCOMCEN/JTWC
80-3, TECH NOTE.

123

Harricon (1975) examined tropical cy-
clone forecasti accuracy as a function of the
reconnaissance placform used as the basas
for cach forecast's initial position. Using
1973 and 1974 data, Harrison showeé that
forecasts based on aircraft position fixes
were most accurate when compared to the
Ceint Typhoon Warning Center's best tracxs.
Unlike the earlier study, forecasts based
on satellite reconnaissance were more ac-
curate than {orecasts based on aircraft
reconraissoerce for tropical cyclones which
never rseached tyrhoon intensity.

Lubeck, O. M., and Shewchuk, J. D., 1980:
Tropical Cyclone Minimum Sea Level Pressure
Maximum Sustained Wind Relationship,
NAVOCEANCOMCEN/JTWC 80-1, TECH NOTE.

This paper investigates empirical re-
lationships between maximum sustained
surface winds and minimum sea-level pressure
in western North Pacific tropical cyclones.
The empirical equation developed by Atkinson
and Holliday (1977) 1is reviewed and evalua-
ted using 13 independent cases collected
since the original study. New relationships
were developed using the original dependent
data set in Atkinson ané Holliday and were
tested also against the 1J independent cases.
These new relationships wure based on difier-
ent assumptions for reduving observed peak
wind gusts to cone-minute sustained surface
winds. There were no significant differences
between the original Atkinson and Holliday
relationship and the new relationships. In-
troducing environmental pressure and latitude
as additinnal predictors did not improve the
pressure-wind relationship.

Shewchuk, J. D., and Weir, R. C., 1980: An
Evaluation of the DVORAK Technique for Esti-
mating Tropical Cyclone Intensities from
Satellite Imagery. NAVUCEANCOMCEN/JTWC 80-2,
TECH XNOTE.

This paper investigates the accuracy of
tropical cyclone intensity estimates as de-
rived from the Dvorak technique. Estimates
of current intensity and 24-hour forecast
intensities were verified against JTWC
official best track data. Results from a
396-case sanple indicate overall absolute
and bias errors of less than one CI number,
even though forecast intensity errors were
twice that of the current intensity esti-
mates. Comparison of Dvorak and JTWC inten-
sity errors indicate that they are essen-
tially equal. The Dvorak 24-hour forecast
intensities are also superior to all ob-
jective forecast aids available to the JTWC.
Dvorak forecast data were also evaluated as
a function of the tropical cyclone's life
cycle. Results show a tendency of the Dvorak
technique to over-forecast developing and
weakening trends. Verification of cases
which included a PLUS or MINUS symbol indi-
cated no improvement over cases with no sym-
bols. However, the use of the symbols is
believed to reduce forecast intensity error.
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ANNEX A

1. WESTERN NORTH PACIFIC CYCLONE RATA

TROPICAL CYCLONE DATA

TROPICAL DEPRESSION 01

BEST TRACK DATA

BEST TRACK VARNING 24 HOUR FCRECRST
ERRORS ERPORS
t0/DAMR  POSIT WIND POSIT UIND DST WIND POSIT UIND  DST WIND
8318082 6.4 140,39 15 90,0 8.8 N -0. 0, 0.5 6.0 3. -8B, O.
8318662 16.8 146.5 28 °.0 8.8 9, -0. ©. @0 0.0 0. -B. 9.
9318122 2.6 133.7 20 0.6 6.2 8. -0. ©. @.0 6.0 0. =-8. 0.
318182 6.2 139.0 20 €.6 0.6 ©. -0. ©. 8.2 6.6 0. -8. O.
8319082 @.7 138.3 20 0.6 6.6 ©. -6. 6. ©.6 0.8 9. ~0. 0.
9319862 8.8 137.92 20 9.6 0.8 8. -8. A, O0.8 0.0 Y. -7 0.
8319122 9.0 137.3 20 9.6 0.6 ©. -8. 6. 0.8 0.9 u. -8. B,
8219182 9.8 136.7 20 ©.6 0.8 8. -8. 0. 0.0 0.0 €. -0. 0.
8320002 9.0 135.2 25 €.6 ¢.e ©. -0. ©. 0.2 0.0 0. -0. @.
0320062 9.8 135. 25 9.2 135.: 25. 32. ©. 9.9 132.1 0. 1. 5.
0328122 9.0 135.0 25 6.9 134.8 25. 13. O, 0.4 132.4 5. 13. 10,
0320182 9.1 134.6 25 9.2 134.2 30. 24. 5. 1b.@ 131.8 35. 59. 16.
8321882 9.2 134.2 25 9.4 133.7 38. 32. 5. 10.2 131.2 35. 63. 1Ie.
8321862 9.3 133.7 25 9.} 133.7 38. 12. S. 9.5 131.5 53. 153. 16.
0321122 9.2 122.3 25 9.6 133.8 36. 48. S. 10.6 138.0 3S. 77. io.
6321182 10.1 138.3 25 9.9 132.1 33. 7. S. 19.9 12y.1 35. S3. 1.
8322082 10.4 129.7 25 10.5 129.7 2B. 6. S. ‘2.5 125.3 29. 167. .
3322062 19.5 129.2 25 10.7 129.0 IB. 17. 5. 12.6 125.2 30. 124. 0.
0322122 18.8 128.7 25 11.2 128.0 30. 47. S. 13.5 124.0 30. ta~. 0.
0322162 16.8 128.2 25 11,3 127.8 Co. 38. 5. 2.7 125.1 30. 17. @.
8323082 11.0 127.7 30 10.8 127.7 20. 12. =18. 12.8 125.5 20. 124. -10.
8323862 11.5 127.06 38 11.3 127.4 2@, 26. -10. 12.3 125.2 20. 196. ©.
6323122 12.0 126.8 38 12.1 126.3 28. 19. -19. 4.8 123.4 15. 110. =5.
8323182 12.5 124.9 30 12.5 125.8 20. 6. -16. 0.8 /.0 O. -0. O.
8324862 13.1 123.7 30 13.3 123.8 20. 13.-18. 0.6 0.8 ©. -8. 8.
0324862 13.8 122.2 20 14.1122.,2 20. 18. ©. #H.87 0.8 O, -8. B,
0324122 14.9 121.5 20 8.¢ €.6 ©. -0. ©. @.2 0.8 ©. -8. 6.
9324182 14.2 128.7 1S 0.6 8.8 ©. -6. 6. ©.0 8.0 O, -8. 0.
0325602 14.3 119.3 15 €.0 ¢.¢ e. -8. ®. 8.0 0.6 0. -2. 0.

AVG FORECAST PCSIT ERROR

AVG PIGMT ANGLE ERROR

AVG INTENSITY MAGNITULE ERROR
AVG INTENSITY Bl14S

NUTBER OF FORECASTS

DISTANCE TRAVELED BY STORN 1§
AVERAGE SPEED OF STOR™ IS 1I5.

FIX TIME
HO. (Y

162358
170388
188121
181887
182247
198181
198945
192225

LE ]
VDN NAWN -

16 201184
11 201602
12 282203
13 218203
14 218203
218968

Fix
POSITION

6.8N 147,5E
S.6M 146.6€
B8.54 140.1E
19.88 140.3E
8.6N 139.5€
8.8N 138.1€
18,64 137.4€
S.1N 135.9€
9.18 135.6€
9.44 134.3¢
9.7N 134.8€
9.68 133.7€
9.34 133.5E
18.54 132.5E
1B8.8N 131.9E

ALt FORECASTS

WRHG 24-HR 40-HR 72-HR LRHS 24-HP
26. 102, 94. 157, 0. 6.
12. 20. S3. 65. . .
6. G. 1. 13, a. 0.
-0, e 1. 13. a. 9.

17 14 1 7 2 [}

2439, N

KNOTS

TROPICAL DEPRESSION TD-B1
FIX POSITICNS FOR CYCLONE NO. I
SATELLITE FIXES

ACCRY DVORAK CODE SATELLITE COTESTS
PCN & T9.0/9.8 DHSPIS T 0BS
PCH O OTHER
PCH 5 T1 9/1.8 /D1.8/25HRS DIMGP39
PN 6 NORAG
PCN S HOARG
PCH 3 T71.8/1.0 /59.0-24HRS DISP39
PCH S NOARS
PCN 3 NOARS
PCN 3 T2.8/2.8 /Dl1.0/24HRS DISP39
FCN € HNORRS
PCH O OTHER
PCN S NOARG DATR EDGE
PCH § T2.6/2.0 /S0.8/26HRS DISP39
PCN S T2.8/2.8 DGPIS  INIT 0BS
PCH O OTHER

P

OPOODORREERAN S SO ReROR e
Livoboooobboo

obonoodocNNHWWbNnR

43 HOUR FOPECAST

ERRORS

SI1T UIND  DST UIND
8.8 6. -6. 0.
8.8 8. -8. 8.
8.8 e. -9. 9,
6.8 9, -8. 8.
8.6 8. -0. 0.
8.0 0. -8. 0.
8.8 8. -8. 0.
8. 0. -8. 0.
0.8 8. -0. e,
129.7 35. Si. 1.

129.2 48, €9. 15,
129.3 48. 62, 15,
128.9 406. 79. 10.
128.2 43. 99. 10.
127.2 48. 70. 10.
126.2 40. 77. 16.

122.2 I5. 156, S,
122.2 35. 98, 15,
121.7 35. 162. 15,
122.8 25, 12% 10,
0.8 e, -0. O.
0.6 ®©. -0. O.
6.6 8. -0. ©.
6.8 8. -6. @,
e.0 8. -8, 8.
8.6 ©B. -0. 6.
e.e 8. -8. o.
8.6 e. -0. 0.
#.8 8. -e. 0.

TYPHOONS IMILE QVER 35 KTS

124

48-HR  72-KR
8. e.
a. 8.
a. 8.
9. 8.
[} ]

POSIT

QQQGQQG&DSQQQN?«INNNNNQGGGQ&OGO
AT DODAETVIITPOVUHUUNWEODOOI D WO

72 HOUR FOPECAST
UIND

GGGG?&QQG

Neoobooaoo
e
'
e
e

5E8
3%
QAN
5

127.¢ 40. 192. 18,
125.4 35, 202. 15,
124.6 35. 185. 1I5.
122.3 3S. 152. 28.
6.8 0. -8. 8.
8.0 8. -0. @,
8.8 0. -b. 8.
6.0 6. -8. 8.
8.0 0. -3. @o.
8.8 0. -8. @O,
8.9 0. -8. 8.
0.8 0. =0. 6.
8.0 0. -8. 6.
6.0 0. -0. &.
6.0 0. -0. 8.
8.0 0. -8. @&,
8.0 8. -0. ©O.
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Fovp

BWMNRN D NN -

Fix

* »
N HWN -

211843
211668
212322
220124
226133
220144
220908
221021
221680
222388
230124

THE
2>

188205
198607
200945
2008526
210100
210635
212207

21336
222315

e
)

230088
231288
231888
232180
248008

HOTICE - THE ASTERISKS (&) IKDICATE FIXES UMREPRESENTATIVE AND HOT USED FOR BEST TRACK PURPO™ES.

11.14 130,5€
12.84 130.9E
10,34 138.4€
11.54 128.2€
18.9N 138.2€
18.4N 138.1E
11.24 128.1E
11.2M4 129.7€
11.34 129.3€
18.78 128.3E
11.44 128,1E
12.1N 126.9E
1236 125.4E
13.84 124,
12,84 123.4E
13,68 121.9€
13.84 122.5E
11.84 117,46
12038 117,48
12.58 116.6E
12 116.5€
11.84 114.9€
12.2H 114,36
12,14 115.0€
12.24 113.7€
11.58 112.8F
11,84 111.3¢€

Srevorwon
RzadRI¥TY
g .

122.7€

FixX
POSITION

12.84 128.8€
11.54 127.8E
12.an 125.0F
12.8H 124,5E
13.8M 124.0€

PCH O
PCN S

T1.871.0 758.8/244RS

T1.871.0

T1.9-2.8 /U1.07244RS

T1.0871.8 /58.0-24HRS

12.872.8

71.8/1.8 /58.8/25HRS

T1.571.5

f1.871.0

GTHER
HBP3S

EXPOSED LLC

INIT 085S

INIT 08BS
INIT 0BS

N0 DVORAK

INIT 085

RIRCRAFT FIXES

788  0BS tAX-SFC-UND
HGT 5L

3123
3897
3883
301

3128

1885
1806
1603

1802
1385

INTENSITY NEARECT

ESTIMRTE  DATA (KD

638
ole

83888

VEL/BRG/RRG

20 %2 248

MAX-FLT-LVL-UHND
DIRAVEL/BRG/RNG

298
108
120

44 058 248
30 B30 238
32 068 70
22 928 120
28 842 128
18 Boo Beo
46 a1e 13g
42 818 158
32 168 83

SYHOPTIC FIXES

125

COtTENTS

:

aBaSauvaun
GhEasS~Nd0n

&

EYE TEP (D)
DIRH/TATION DUT/ [N/ DP/SST  NO.

42, 423 422
+22 423 423
+25

+9 41346
+9+8
+11 + 9
+12 +#12 +11
2 +8
+12 412 + B

DODNN LGN -

-




TROPICAL STORM CARMEN
BEST TRACK DATA
BEST TPACK RRNING 24 HOUR FOPECAST 48 HOUP FOPLCAST 72 HOUR £ORCCAST
ER0KS ERPORS £PPORS
= MO/DA/HR  POSIT  WIND  POSIT  LIND ISTUIND  POSIT  UIND DST WIND  POSIT  UINL DST WIND  POSIT  UInD  DST UIND
0494902 4.7 161.4 20 0.0 6.0 0. -3. 0. 0.9 0.8 ©. -0. 0. 0.0 0.0 8. 0.0 0.0 9. -8, 6.
0462 6.6 181.2 75 0.0 8.0 6. -B. Y. 0.0 0.0 8. -8, 6. 0.0 0.8 8. 0.8 6.8 8. -B. 8,
= 804127 7.7 181.1 3@ 6.1 9.0 8. -B. ©. 0.0 8.0 0. -9, 0. 0.0 8.6 6. 0.8 0.0 0. -0. 0.
= 0404162 8.3 1004 35 0.0 6.6 e. -8. 0. 0.0 0.6 9, -8. 9. 0.0 0.8 8. 9.0 0.0 9. -8. 0. :
E 0395002 9.2 179.6 a0 9.5 160.0 39. 3 13.2 177.7 49, S6. -20. 19.1 120.9 0. 20.9 181.5 35. 9. O. 3
. 0aYS06Z  18.1 178.5 45 10.8 178.9 30 12,6 176.2 4. 155, ~20. 17.0 176.4 -S. 20.0 180.3 38. 40. -S.
= 00512X 11.6 177.8 SO 11.0 178.2 1. 14.7 175.8 €0, 184, S, 10.5 I77.9 1S. 21.2 191.7 45. 38. 1S.
= K 0385162 13,1 177.4 S5 13.8 1777 <. 19.6 179.9 59. 136. @. 22.8 186.5 10, 25.0 192.7 48. C58. 10.
E . 0aB60UL 14,5 1/°.2 60 14.7 176.8 33, 10.7 176.6 S0. 136. 21.9 183.4 8. 24.0 109.3 38. 431. 5.
495862 16.8 177.2 6D 15.5 177.2 5, 19.3 1€8.1 40, 23, -, 23.0 185.6 6. 8.8 0.3 8. -6. 0.
E E 0406127 17.1 127.8 5 17.0 177.5 30. 20.9 182.8 45. I72. 5. 23.9 19%.0 S. 0.0 0.0 ©. -8. 0.
= ! 043,182 17.9 i78.7 S8 18.4 i78.7 SO. 220 1844 35, 263. -5, 0.0 0.9 0. 0.0 8.5 0. -8. 0. .
0397002 18.8 179.8 45 iC.5 175.8 S8, 21.0 165.0 40, 268. 5. 0.8 6.9 €. 0.0 0.0 8. [
= 0427662 9.4 179.7 45 0.0 0.6 B. 0.0 8.6 6. -8. ©. 0.0 6.6 8. 8.0 0.0 0. 0.
= 0497122 19.7 %26 @ 0.0 0.0 0. 0.0 8.0 6. ~p. ©. 0.0 0.0 6. 8.8 0.8 o. 9.
0357167 22.0 188.2 40 9.6 0.€ 0. 0.0 0.6 8. -8. C. 0.8 0.8 8. ©.6 8.8 o. 0.
= 0308007 20.3 12G.4 35 0.8 0.v O, 6.6 BB £, -8. 0. 0.6 0.0 0. 0.8 0.8 0. G.
3 005062 20.6 180.6 35 0.0 0.0 O. 66 0.0 0. -B. 0. 9.0 A8 0. 6.6 0.8 0. a,
= CNBIZZ 20.9 181.1 30 6.0 0.0 6. 0.0 0.2 0. -0. 0. 0.0 e.6 6. 0.8 8.8 0. [
= 0208162 21.2 131.6 30 0.8 €.6 O, 8.0 6. ©, -8. 9. 0.0 0.0 8. 0.8 0.8 ©. 0.
. 0409882 21.4 1026 25 0.0 0.8 ©. 0.6 0.0 6. -8. 0. 0.0 9.0 8. 0.0 uw.eo Q. 0.
= L FUPECASTS TYPHOONS UIILE AVEP 35 w1S
= LRHG  24°HR  43-HR 72-IR UPNG  24-HP  43-HR  72-HR
= AVG FOPECAST PGSIT ERROR 32, 154, 266.  250. 0. 8. v, 8.
AVG RIGHT ANSLE FRROR 19. %6, 179. 218. . 0. o, e.
AVG INTFHSITY fAGNITUDE E£RROR . e, 5. 7. . 0. 0. 8.
AVG INTENSITY EIRS -7, -3, 4. s. o. 0. 8. 8.
NUTBER OF FORECASTS 9 9 7 s [} 0 ] ]
: DISTANCE TRAVELID BY STORM IS $179. Nt
AVERAGE SPEED OF STORM IS 18, KNOTS
:
H
: TROPICAL STORM CARMEN
FIX POSITIONS FOR CYCLONE MO. 2
3
1
i SATELLITE FIXES
. FIX TiHE FIX
HO. (23 POSITION ACCRY  DVDRAK CODE SATELLITE COITENTS SITE
. * 1 316088  6.7H 1743V PCN O OTHER PGTY
2 84BOIS  4.SN 179.50 GOES3 NESS
3 848900 6.9N 170.6U PIN O OTHER PETY
x4 831815  S.7M 179.9€ GOESS NE'S
4 S 841200 7.IN 178.3U PN O OnER PGTY
6 041515 7.4N 188.0F GOES3  EST HAX DS 35 KTS NESS
7 B4IS38  7.5N 179.7E PLH € HOARG KGLC
§ B4I6BE 6.8N 179.8U PIN O OTHER PGTU
N * 9 PB4ai1714  6.6N 180.8E PCK & HOARE KGLUC
18 841915 8,38 179.9€ CDES3 NESS
1 11 841954 M.SN I79.7E  PCH & T2.5-2.5 KORRS  INIT 0BS XGLL
s 12 841954 9.8u 179.9E PN 6 MORRG PHIK
13 842180  9.54 179.2U PCN O OTHER PGTY
4 14 258880  9.7H 179.6€ PINO Y2.5/2.% OTHER  INIT 08S PCTY
15 830233 9.44 179.1€  PIN 6 T2.5/2.9 TIROSH  INIT 065 PHIX
. 16 836234  9.6N 170.4€  PCN 6 HOARE KGUC
H 17 858308 9.aM 179.6E PCN O OTHER PGTY
' 18 858653 9.4N 170.2€ PIN 6 NOARG PHIK
i 15 50996 11.34 170.9€ PCH O OTHER PETY
H 23 851119 11.IN 127.5€ COES3  EST MAX UNDS 45 KTS OVER URTER NESS
. 21 ©51200 11.8N 178.3E PCN O OTHER PETY
H 22 BSISI9 13.08 177.6E PCN 4 TIROSH PHIK
: 23 €518 13,54 170.8€ PCH O OTHER PoTU
s * 24 $31932 13.98 I77.3E PN 6 HOARE PHIK
e 25 51932 13.6M 177.2E PCH € T3.5/3.5 /D1.8/7286RS KOWAS KauC
6 632815 13.7M 177.0€ COES3  EST MAX SFC LADS S5 KTS NESS
4 27 852188 14.IN I77.5€ PCN O OTHER PGTU
; 28 852231 14.1N 177.0€ PCN 2 T4.5-4.5 /D2.8/20MRS DHEP39 PHIK
: 29 OGOOR0 14.SN 177.4€ FCN C T3.5/3.5 /D1.0/24RS OTHER PGTU
‘ 3B 26PIR 14.84 177.7€ PCH O oTHER PeTY
] 31 BEBISD 15.8M 177.2€ GIES3 RGP EYx EST MAX UNDS 68 KTS NESS
iE 32 868558 16.IN 177.3E PN C OTHER  RGD BNIG EYE POTY
§ 33 esEdIl 165N 177.2E PON 6 HOASE KGAC
,§ 34 868960 16.44 177.7E PIN C OTHER  RGD EYE PGTU
| 35 061288 16.6M 177.5E PCN C OTHER  PARTIALLY BNDING EYE PCTY .
N 36 861588 10.0M 170.4€ PCH 6 TIROSN PHIK
Vi 37 BCISDD 17.7M 178.20 HONC OTHER  RGD EYE PCTU i
by} 38 861615 17.@¢ 178.8€ GOES3  EST tAX LNDS 65 KTS MESS -
39 0SICO0 18.bM 178.8€ PCN C OTHER PCTU B
46 51910 18.44 ITB.3E  PIN S TI.5/4.% ALG/2IMRS NOARG PHIK
41 B62180 18.6M 179.26 PCH O OTHER PCTU
42 662718 18.3M 179.0€E PCH 6 T3.5/4.5 AUL.B28KS DIGP3S PHIX
43 a7e08E 10.5H 179.2E PCH O T2.5/3.5 /UI.C/2@RS OTHER PCTU

126
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871115

43 971815
a6 672151
47 872315
43 0839615
43 ©81200
S8 eu1ep8
51 es2131
52 eseeed

HOTICE = THE ASTERISKS (&) INDICATE FIXES UNREPRESENTATIVE AND HOT USED FOR BEST TRACK PURPOSES.

N 179,50
174,50
12590
178,50
179,44
28.6N 179,40
21.04 170.5u
21.38 178.2¢
21.44 174.84

PCN 6

PCH 3 T1.8/2.8 7 W,

127




TYPHOON DOM
BEST TRACK DPATA

BEST TRACK > 24 HGLR FCRECASY <3 HOUR FOSLLAST 72 HOUR FORECAST
EFRCRS CRPORS

t0/pAMR  POSIT  WIND  POSIT  WIND OST UINL  POSIT  UIND DST ulnD  POSIT  wiud UST UIN:  POSIT  UINL ST UIND
608002 8.2 162.& 20 0.9 9.0 0, -8. 0. 9.0 0.0 0. 8. 9.0 ©.¢ ©. -8. ©. 6.8 8.0 0. -0. ©.
= 0508062 8.2 141.8 20 0.8 0.6 0. -2. ©. 0. 04 9, -0. 9.8 8.0 0.6 8.0 6. 3. ©.
w8122 8.1 140.9 20 0.8 0.8 9. -3, 0. 0.8 0.9 3. -0 0.0 6.8 9.0 9.8 6. -8. 8.
0305167 7.9 140.2 280 €.86 .0 9. -¢. 0. 8,8 0.0 ¢, -8. 0.0 8.0 9.0 ©.8 0. -8. 8.
0503037 7.7 139.2 25 7.8 148.1 36. S4. 5. 0.3 137.7 48. 164, 2,2 18.2 133.3 SS5. 426. -S.
6509062 ©.3 138.2 25 7.8 138.7 39. 42. 5. 4.3 136.0 49, 139. 2.3 18.5 131.9 S5, J11. -10.
0509122 9.1 137.4 25 8.1 137.3 30. 68. 5. 8.7 134.1 49, 139. 9.4 18.1 129.9 45, 370. -25. .
o589152 5.9 136.6 30 w.2 137.4 33. 63, 0. 11.3 135.3 49, 175, 12.3 $2.9 130.8 45, 416, =34.
0310002 16.2 135.7 30 18.0 137.8 30, 7. 0. 12.3 1348 4. 199, 14.1 15.8 130.0 S6. ~96. -38.
£510067 10.3 133.86 33 10.2 135.4 30. 43, O, 13.9 132,4 4S5, 137. 15.9 \T.8 128.5 45. 294. -4S.
0510127 11.9 133.7 30 11.6 133.5 36. 238. 0. 14,9 129.4 49, 132 17.9 1.2 124.3 45, 171, -48.
) 0510162 11,3 132,53 35 12.2 132.3 38, S4. -5, 14.8 128.6 49. I3, 17.8 19.2 123.2 49. 137. -48.
i 9531802 11,5 131.5 46 1.9 131.5 TR, 24, -10. 14.0 120.6 9. 63. 1€.8 19.5 123.2 35. 139. -48. .
¥ 0511862 118 130.4 45 12.0 128.8 M4, 37. -5, 13.5 1240 %0, 70, 15.3 18.3 122.5 48. 61. -25.
¥ 0511122 12.3 129.3 S8 12.3 179.5 5. 12. ~5. 14.8 125,14 S5. 5. 6.8 19.2 122.7 35. 182. -28.
0511182 13,0 128.8 55 13.5 128.4 8. 38. <5, 6.2 125.4 0. 76. 10.2 20.8 124.6 35 223. «ib-
05i280Z 13.6 126.9 68 13.8 126.7 S59. 17, -10. 7.5 i23.8 €9, 72. 19.7 22.2 126.8 35. 322. -!6.
0S1206Z 14.1 125.9 3T 14.5 125.4 55. 38, -10. 13,2 123.5 6u. 1l4. 19.7 23.6 126.1 35. 349. -15.
6512122 14.9 125.8 73 1S.1 124.3 69, 13. -10. 17.T 123.6 €5. V4. 20.0 £3.6 126.3 49. 166. -15.
B512182 15,5 122.3 75 15.0 124.3 68. 1. -15. 19.9 125.5 €5. i%. z2.5 25.7 128.8 49. 522. -28.
8513002 15.9 123.9 80 16.@ 124.0 7. 8. -10. 10.€ 125.2 €9. S3. 21.2 123.3 65. z99. 20. 24.8 127.6 S50. M4, -15.
i ©513062 16,3 123.6 99 16.3 123.8 79. 1. -20. 10.1 123.3 f9. SY. 21.2 123.9 6S. 193. 15. 24.8 127.4 S0. 383. -15.
H C513i22 15.6 123.3 €5 16.8 123.2 83, 13. 0. 19.1 122.7 85. 114, 22.8 124,9 70. 284, 15. 25.9 128.9 S0. 452. -15.
. 0513182 16.9 123.1 @0 17.2 122.9 ®5. 2I. 5. I%.5 122.9 ©0. 1i7. 22.9 125.1 65. 266. 5. 26.8 129.8 dS. !19. -28.
©514007 17.2 122.8 75 12.5 122.8 05. 18, 10. 19.% I22.f 5. 90. “2,6 125.8 65. 224. 8. 26.2 129.2 5. 397. -1S.
0T1206Z 17.3 122.7 €5 12,3 122.3 59 11, 15. 19.2 123.0 €. 64, 22.6 125.5 55. 215. -18. 26.2 129.2 45. 767. -1S.
H 0514122 7.5 122.5 55 17.F 172.6 75, . 20. 13,5 122.7 €9, SS. 22,3 125.2 45. 161. -2@. 26.1 129.8 3¢. 325. -25.
§ 8514302 17.7 122.4 99 17.8 122.3 60, 0. 19, 1%.7 122.3 5%, 3. 22.5 124.8 45, 137, =20. ».3 9.8 © -8. .
£S1SA0Z  19.0 122.4 43 10.0 122.3 S5. €  1d. 19 € 122.6 43. 29, -I9. 22.6 1240 49, 123. -29. 9.8 9.0 0. -0. 8.
i 6515062 18,3 122.4 52 18,4 122.3 S5. 8. S. 9.5 122.9 45. 49, -20. 23.5 125.6 4. 1S6. -28. 8.8 8.8 6. -0. 8. -
H 0518122 18.6 122.5 Su 18.5 122.7 5. 13, -108. 20.7 123.4 36, 33. -25. 24.0 125.1 38, 1g8. -25. ©.0 9.8 6. -8. 8. B
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26 182215 11.6M 131.8€ PTH S wEP37 PETU
27 182330 11.SN IS1.8E PIN S ROARG PETU
20 118213 11.8M 13B.3F PIR S T73.8/3.8 DEP39  INIT 08S RO

128 .

[
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42 121209 15.34 125.1E  PCN C OTHER PCTU
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96 191253 21.28 12%.9€ PCN 3 NOARS R
= i AIRCRAET FINES
'
{ FIX TUE Fix FLY 73%R 0BS IRX-SFL-LND IMRO-FLT-LVL-UND RICRY Ve EYE CRIEN-  EYE Y0P (E3 16%
. M. POSITION M ST PP WL/BRGRNG  DIRAVEL/BRGARNG HAVTET  SHAPE  DIAVTATION OUT- (N7 DPUSST w3
H
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8319002 6 4 1b4.6 20 9.0 B.0 O, -0. 0. 0.0 0.0 8. -0, 0. 0.0 0.0 b. -0.
0319062 6.7 193.9 2 6.6 0.6 0. -0. 6. ©.0 6.8 0, -8, 9. 0.6 0.0 @. -0.
0518122 6 8 1v3.72 2 9.0 6.0 o. -0, [} 0.0 0.8 0. -, 8, &3 0.0 © =-0.
8319182 6.9 1%52.4 25 8.0 00 K. 6. 9. 8.0 0.5 0. =D 0. 0.8 0.0 © -0,
0520002 7.2 151.4 30 6.7 151.9 35. 30, 5. £.9 148,37 45, 218, 5. 9.5 145,3 55 307,
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08521002 2 3 144.9 &0 5,2 1452 48, 19, 0. 11.2 146.3 350, 7. 5. .9 136.7 60. 278.
8321662 9 5 1434 a5 9.6 1437 ab. 19, 0. 1281380 65. 77, 20. 13,7 134,3 ?5. 239,
0521122 9.7 1400 45 9.6 ta2.1 a5, 19, 0. 152 137.2 60. 78, 1S, 12.8 133.6 7O0. 250.
6521102 10 1 140.2 45 9.8 148.8 4J5. a0, 0. 11.9 136.2 60, 124, 18, 12.8 132.8 0. 289.
9522000 190.5 138.8 45 10.6 138.6 40, 3. -5, 12.7 132.3 45. toa. 0, 147 128.2 9S0. 159,
Q522062 10.8 137.5 45 11,2 136.7 45, 53, 0. 13.5130.2 55, 47, 16, 15.7 126.3 60. 181,
0322127 189.9 136.0 45 11.0 136.0 5. 6. 0. 12.8 120.8 355, 104. 10, 15.2 127.0 60. 193,
BS221027 10,8 134.1 45 1.2 1345 45, 43, 0. §3.0 129.8 85, 120, 5. 16,5 135.3 0. W,
8523002 10.9 132.4 45 10.8 132.2 50. 13, 5. 11.2 125.6 55, 101, 0. 12.7 121.3 45, 150,
0523062 11 2 131.1 4% 10.8 130.5 50 a3 5. 11.0 124.4 50, 151 -5, 13.0 1.5 45, 168,
952312 11.6 129.5 a5 11,3 129.7 a5, 21, 0. 11,2 124 6 33, 115, -15. 13,4 121,101 30. 228,
0523107 2.1 127.9 SO 11,5 127.8 4%, 36, -5. 12,6 122.8 35. 114, -1S, L3 19,5 30, 281,
0524002 12.7 126.4 S5 12,7 126 3 50. 6. =5, 15,1 1217 45, 13, 0. 17,9 119.2 35. 145,
8524067 13 4 125.2 55 13.2 121.8 43, 26. 0. I15.7 12006 40, 13, 10, 19,1 11901 40, i7G.
0524122 3.0 123.9 50 13.9 124,01 S55. 13, %, 16.0 126.2 40, 64. 20. 0.0 0.0 ©O. -B.
0524187 14 7 120.7 SO0 14.8 122.4 S5. 18, S. 7.3 119.0 49, 8%, 20, 6.0 0.0 o, -0.
0525002 15.3 121.8 45 15.2 121.8 S0.  @. 5. 10,0 11%.6 35, 138, 15, 0.0 0.0 @o. -@,
8525062 15.8 120.8 30 15.7 121.4 45. 35, 15, 18.2 1197 35. 196. 5. 0.8 0.0 © -0.
9525127 17.0 119.8 28 1%.7 170.6 3%, 90, 15. 9.0 .06 0. -9, 0. 9.0 0.0 8. -0.
05251RZ  18.% 119.8 20 16.2 1125 35. 138. 15. 0. 0.8 9. -8, 6. 906 o000 o -0.
8526007 20.0 120.5 20 16.9 119.8 25. 7. 5. 0.0 ©6.0 0. -0. 6. 2.0 0.0 6. -0.
8526662 1.0 121.5 20 19.9 120.5 20. 86. © 69 B8 0. -8. ©. 6.8 0.0 0. -0.
ALl FORECASTS TYTHOONS LMILE OVER 35 KTS
LRHG 21K a8-HR  T2-HR LRNG 2:3-HR  a8-HR  72-UR
AVGE FORECAST POSIT EFROR 37, 0o, 227, 3s4a, a. a. Q. 0.
AVC RIGHT ANGLE ERROR 17. Se. 123, 227, 0. 0. 0. a.
AV INTENSITY INGHT TUDE ERROR a, 9. 13, 26. 0. a. 0. 0.
VG INTERSITY BIaS 2. 5. 13, 26. 0. 0.
HUMBER OF FORECASTS 26 2 19 1u Q
DISTANCE IRAVELED DY STORM 1S 2°S)1. Kn
AVERRGE SPELD Of STORM IS 14, KNOTS
TROPICAL STORM FOTREST
FIX POSITIONS FOR CYCLOHE NO.
SATELLITE FIA'S
FIX Tire FixX
HO. &y POSITION ACLRY DVORAK CODE SATELLITC COMENTS
1 181723 5,24 155.7E PCN {1ROSH
2 182335 GLIM ISS.1E PEHS Ti.0t.0 nse3y INTT 0BS
3 1%u31l 6.5H 1S4.0E PEN S HOARG
4 191600 T.2H 151.6€  PCH O OTHER
* S 192045  7.5M 1S4, PEM S nee3z
6 192151  6.9N 151,00 PCN S KOAAG
& 200357  6.BM 158.66 PCH S T2.0-2.2 sD1.0/25HRS P39
8 200600 7.5 149.0E PN O CTHER
9 200849 T.aH 140,77 PLH S HLDETS
10 2P0200  T.9N 149.7E pCH G OTHER
11 201280 B.ON 147.88 PLH O OTHER
i2 261808  9.7M 131657 PO OTHER
13 202015 B8.94 145.8E PCH S mse3?
14 200129 8.6H 145.7€  PCH S HOARS
1§ 218037 92N 144 BE PCNS T2 O30 DSP39 IN,T 08S
16 Z1B3B0  9.20 14408 PCH O OTHER
17 210300 9.2H 142,43k PLH O OTHER
19 215088 9.6H 142,08  FCH 5 HOARG
19 211200 9.64 141.1€E  PLN O QTHER
20 211600 3. 7H A0 JE  PCN O QTHER
21 212248 9 BN 139.9E  PCH 3 ROARG
* 22 L.uBIT 0.4 137.8E PCH X T3.5/3.5 /50 A-244RS  DISP3Y
* 23 220%46 1NN 135,48 PCR S HOARG
24 271200 10.5H 135.€C  PLN O GIHER
2% 221500 10.7H 133 JE PN O OTHER
* 26 272226 16,44 (32.9€ °CN 3 HOARG
® 27 222226 10.4M 132.E  PCH 3 HUARG
28 230139 10.3H 131.88 PCH 5 73.0/3.5-/U0,5/25HRS  DISP39
29 23133 10.3H 131.8E  PCH 3 T4 9/4.9 DISP3o INIY 0BS
30 230600 11.2H 130.9€ PCN 3 OTHER EXPOSED LLEC
31 23899¢  11.5m 130.2E PLHQ OTHER
22 251105 11,44 129.4F  PCN G HOARG
33 231680 11.2N 12B8.JE PLN O OTHER
34 232345 12.%H 126.3E PLN S NOARG
35 240119 12.6M 126.1E  PLH S T4.8/4.0-/D1,0/24HRS  DISPIY
36 290119 12.7H 126.1€ PCH 3 T4.0s4.0 /S0.0/244RS DISP39
37 241043 13.7H 12438 PCN S NORARG
38 241600 14.3N 120.9€  PCN O DOTHER
39 242223 14.5M 122,28 PCH S DIEP37
48 242322 15.28 122,40 PCH 5 T3,5/4.0-200.5/22HRS NOAAG
41 250241 15.4H 121.5€ PCM 5 13 5/3.5 us gt INIT 08S
42 250241 15.5M 121.28 PCH S T4 0/4.8 /SO 0/25HRS DMSP39
43 250300 i5.6N 128.4E PCK O OTHER
® 44 25]120¢ 15.94M 119.8E PCN O OTHER
* 45 251282 16.34 11R.6E PCH 6 HOARE
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72 HOUR FOrECast
BST WIND

-0.
-0.
-0.
=0,
L86.
665.
H69.
358,
LN
422,
413,
457,
217,
235,
269,
196,
i
EREN
-0,
a.

“
=0,
-8.
-0.
-8,
=0,
~0.
-0,
-6,
a2
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» 48

FIx
NO

Pg— = ——n = .,.-
o g >4

\l

%

el % oY

WP o

s

WD N B R -

Fix
NO

NV L N -

251600
260221
260221

TIE
(¥4

190192
200024
200315
202102
210311
218932
212136
220607
220041
222136
2300820
23121
232242
238633
240820
241938
242228
251943
252138

THE
[¢4]

210013
2308268
258000
2598235
250300
250388
250480

16.04 118.9€
16.91 118.1E
17.0N 113.8€

FIx
POSITION

6.dN 154.7C
6.7N 151.2€C
.38 158.8E
9.0H 145,98
9,38 144.2E
9.6N 142.7E
10.48 135.3€
10.7N 137.5€
10.9N i36.8E
10.8H 132.5€
11.34 130.5F
12.4N 127.8€
12.6N 126.6E
13.6H 125.1E
13.7H 124.7E
14.9N 122.4E
15,10 122.2€
18.28 119.7€
19,38 128.1E

FiIX
POSITION

9.1H 144.8E
13.68 124.7E
15.48 121.9¢E
15.68 121.8E
15.6N 121.5E
15.7N 121.8E
15.74 121.5¢€

PCN O
PCN S
PCH S

OTHER PGIUW
T1.572.8 /UR.0-2/HRS DISP33 PGTUY
DrsP39 RODN
AIRCRAFT FIXES
708t8 0BS PRX-SFC-WND IAX-FLY-LVL-LND  ACIRY EYE EYE ORJEN-

HGT MSLP  VEL/BRG/RKG

3139 107 25

1082 3§
3118 1wge1 25
3114 1882 S0
3074 996 SS
3128 1809 40
3112 1882 40

3879 599 30
861 596 98
3067 993 SO
3834 50
3829 934 Se
3014 58
3879 999

3861 996 S8
3186 38
3136 25

EYE
RADAR  ACCRY SHAPE

ACFT
ACFT
LAND
LAND
LAND
LAND
LAND

POOR  CTIRCULAR

842 18
278 1@
148 18
368 4e
360 15
366 68
830 20
ede 45
200 60
148 18
340 48
276 28
310 15
35¢ 39

069 20
000 09
839 56

DIRAEL/BRG/RNG NAVAET SHAPE DIRM/TATION

120
899
170
108
108
180
168
120
220
180
119
989
690
asa

080
158

280

24 679
55 999
39 1480

RADAR FIXES

EYE
DAt

RALJB-CODE
ASWAR TDDFF

S4LRS

WO ANARTAN VNG

w

2
2
2
S
2 CIRCULAR 28
5
3
20
19
S
3
2
2 CIRLULAR 20
5
@ CIRCULAR 12
3
3
29

COMENTS

RDR EYE 13.7NH 124.7E S4LRS

LELL DEFINED waLL CLOUD

NOTICE = THE ASTERISKS (%) INDICRTE FIXES UNREPRESENTATIVE AND HOT USED FOR BEST TRACK PURPOSES.
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EYE TErP (D) 1SN
QUT/ IN7 DP/SST  NO.

+24
+29
+11
411
+10
+15
+14

+10
+H4
+12

+e

+12
+14

+25 +24
+26 +26
+14 + 6
+14 4+ 6
+15 + 6
+11 +12
+12 + 9

+13 +11
+16 + 7
+2 +9

RADAR
POSITION

16.3N
15.28
16.3H
15.2H
141N

120.6E
120.6€
120.6€
129.6E
123.8E

29
27

IR

RERIUTRAEE)

VWOWONOAAOULD WNNN -

SITE
W1 NO,

98321
90327
9832t
28327
98448




TROPICAL STORM GEORGIA

BEST TRACK DATA
BEST TRACK WARNING 24 NOUR FORECAST 49 HOUR FORECAST 72 HOUR FORECAST
ERROPS ERRORS ERROR!
HO/DAMR  POSIT uind POSIT UIND DST WiIND POSIT WIND  DST UWIND POSIT UIND  DST WIND POStT UIND  DST WIND
519122 15.5 115.6 28 0.0 0.6 B. -8. ©. 6.8 BB 6. -0. H. 6.8 0.6 ©. -8. A, 0.0 0.8 8. -~v. 0.
8519182 15.3 114.4 20 8.0 ©.6 ©. -8. ©. 0.6 9.8 6. -6. . 8.8 6v 0. -g. 6. 6.6 8.0 @, -B. 0.
0520802 15.0 114.6 20 ©.6 0.6 8. -0. 0. 6.0 8.0 8. -8. 0. 0.0 0.0 ©. -0. ©. 0.6 8.6 2. ~8. O.
8528862 14.4 114.4 20 6.0 8.6 8. -0. O©. 0./ 9.6 ©. -B. 6. 6.0 6.8 0. -8. 0. 6.6 00O Y. 8. O. .
0528122 14.0 115.8 25 9.6 9.¥ ©. -8. ©. ©6.0 6.0 ©. -0. ©. 0.8 6.6 O. -5, 6. 0.0 0.8 e. -p. O.
8529182 13.9 115.8 25 ©.6 6.8 0. -p. 0. ©0.6 98 0. -y, 6. 6.6 090 6. -v. 4. 0.0 0.9 6. -~8. 0.
952188z 14.5 116.4 25 6.8 0.6 8. -9. 0. 6.0 98 0. -8. 0. 9.0 6,6 8. -p. 0. 8.0 0.8 uv. -0 0.
0521862 15.0 116.4 38 15.3 116.6 30. 21. 0. 16.6 117.0 35. 15b. =15, 18.2 118,2 48 229, ~15. 21.2 121.8 33. 365, -10.
8521127 15.5 116.1 30 15.5 116.7 30, 35. O. 16.6 117.0 3S5. 145. -15. 18.2 110.2 40. 259. ~15. 21.2 121,80 35. 293, S.
@521:82 16.2 115.8 48 16.2 115.7 38. 6. -18. 17.0 116.4 35. 113. -15. 12,9 18,3 45. 204, ~2¢, 0.6 0.8 8. -8. 0.
2522002 16.7 115.4 45 16.8 115.8 30. 24. -15. 18.2 116.3 35, 127. =20. 19,9 118.0 9. 231. -5. @8.A O.6 0. <0. O, ¥
8522062 17.4 114.4 SO 17,5 114.3 45. 6. =5. 19.6 114.9 55. T4. 8. 22,0 116,5 €0. 145. 15. 0.8 6.8 6. -0. 6.
8522122 18.0 114.3 S8 17.9 114.8 45. 8. -5. 20.8 116.2 60. 116. S. 22.9 117.8 60. 123, 30. 0.0 0.8 8. -8. O.
8522182 16.8 114.7 SB 18.6 1.5.2 45. 31. -S. 21,1 116.8 68. 101. 5 .86 69 o. -8. 6. 0.0 6.8 0. -6. 0.
0523902 19.6 114.6 55 19.2 115.8 S8. 33. -S. 29,5 11S.7 65. 127, 208. 0.8 0.0 &. -B. ©. 6.6 8.0 ©. -8, O,
8523862 20.8 115.2 55 28.4 114.8 58. 33. -5. 23.5 115.8 48. 108. -5. 9.8 6.8 6. -. 0. 0.0 V.0 aA. -3, O.
8523122 21.9 115.8 S5 21.4 11v.4 55. 37, 0. 24,3 117.5 30, S6. 6. ©.6 0.0 6. -8, 0, 0.0 8.8 8. -4, 0.
03523182 22.7 116,2 S5 22.2 116.8 45. X2. 0. 0.8 0.9 6. -9. 8. V.H 0.8 o. -8, 8. 6.0 0.0 ©°. -8. 9O.
8524802 23.5 116.5 45 23.4 121.4 30. 269. -1S. C.4 0.8 O, -0. @ 6.0 0.0 O. -8. 6. 0.9 8.0 . -0. 0.
8524062 24.3 117.4 45 6.6 6.0 6. -8. ©. 6.0 8.0 ©. -6. 6. 6.0 6.0 6. -p. V. 8.0 8.0 N, -B. O.
9524122 24.9 118,3 36 0.0 48 €. -3. 0. 0.8 0.8 9. -0. 8. 0.0 0.0 U. -8. 0. 0.8 6.8 0. ~B. 9.
ALL FORECASTS TYTHOONS tHILE OVER 35 K15
LRNG 24+HR  43B~HR 72-HR LRHG 24~HR J40-HR 72-HR
RVG FORECAST POSIT ERROR 44, 12, 199, 299, : ¥ 0. 0. 8.
AVG RIGHT ANGLE ERROP 29, 52. 140, 293. 0. o. o, 0.
AVG INTENSITY MAGRITUDE ERROR S. 18. 17, 8. a. ;8 2. 8.
AVG INTENSITY BIRS -5. -4, -2. =3 8. 8. u. e,
HUMBER OF FORECASTS 12 10 6 2 [:] 8 [:] 8
DISTANCE TRAVELED 3Y STORM IS 993. ntt
AVERAGE SPEED OF STORM 1S B. KHOTS
TROPICAL STORM GEORGIR
FIX POSITIONS FOR CYCLONE NO. &
SATELLITE FIXES
FiXx THE Fi¥
HO. () POSITICH ACCRY DVORARK CODE SAIELLITE COMTENTS SITE
{ 191208 16.6N 117.8E PCH O OTHER PGTY
2 201288 14.24 N15.7E PCH O OTHER PGETU
3 219218 15,24 117.8€ PCN S5 T1.8-1.08 DISP39  INIT 08S PGTU
4 218218 15.24 116.2E  PCN S MEP39 RPIXK
S 218308 I5.5N 115.5€ PCN O OTHER PGTY
6 211159 15.3M 116.4E PCN S KORAE RPIK
7 211212 13,34 116.4E PCH 6 NOARG RPIK -
8 211588 15.94 115.6E PCN O OTHER PLTY
9 212188 16.5M 115.42 PCN O OTHER PGTU
19 220029 t6.7N 115,9t PCH § T2.e/2.8 HOARG INIT 0BS RPIK
11 220029 16.7H 11S5.7E PCN 5 Ti.a/1.9 NORAG INIT BS RODH
12 220159 16.84 115.26 PCN 5 7¥2.5/2.5 /D1,5/24hRS [115P39 PGTU
13 221127 17.BN 114.7E PCH S HOARG RPIK
14 221208 18.44 114.6E PCN O COTHER £GTY
15 221688 18.7H 114.8€ PCN U OTHER PGTY
16 2228R2 {B.9N 114,7€ PCN 3 TIROSH P
17 230083 19.64 114.9E PCN T OTHER PCTY
18 230806 19.6H 114.3E PCN S T12.8-2.8 -%0.07244RS KORAG RPIK
19 230328 20.3% 115.9E PCN 3 713.8/3.8 /D2.6/27HRS DISP39 RODH
28 230600 20.7M 1iL.26 PCH C OTHER PGTY
21 230928 21.6N 11S5.46 PCH O OTHER PGTW
22 231165 21.7H 115.6E PCH S NOARS PGYV
23 231688 21.9N 115.8E PCN O DTHER PGTW
24 231950 22.44 116.2€ PCN S TIROSH ROON
25 231950 22.4H 116.3E PCNH 3 TIROSH  EXPSD LLCC ROD* -
26 232345 22,8N 116 9 PCH S RORAG PETY -
27 240301 22,8 I1:.1E  PCN 3 713.8/3.8 /S0.8724HRS DISP39 RODN -
28 241043 24,5N 1:7.8E PCN S HOARE PCTY
RIRCRAFT FIXES
FIX ThE Fix FLY 76818 0BS MAX-SFC-WHD MAX-FLT-LVL-LND ACCRY €YE EYE ORIEN- EYE TEIP () SN -t
NO. D POSITION w HGT MSLP  VEL/BRG/RNG DIR/VEL/BRG/RNG NAVAET SHAPE DIAVTATION OUT/ IN/ DP/SST  HO. h
1 220703 17.6M 114.4L 700M8 2996 986 S8 1@ 75 1980 S7 118 118 18 S 12
2 220905 17.6M 114.6€ 708r8 2986 987 3B 338 65 128 59 360 7 18 10 +13 +40 16 M
~
-y —_— - — S -
v
N \ R e B Y -
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FIX
NO.

1
2
a
s
6

THE
(Z)

190000
191200
200008
216080
211208
221208
243008

NOTICE - THE RSTERISKE (%) INDICATE FIXES UNREPRESENTATIVE 4

FIX
POSIT

16.5N
15.5N
15.0K
14.54
15.58
18.0N
23.58

108

117.5€
115.8€
114.8E
116.5€

$3.8E
115.09E
116.5€

SYNOPTIC FIXES

INTENSITY NEAREST

ESTIMRTE  DATA (HH) COMENTS
15 10
28 88
28 60
25 20
38 10
35 32
45 10

135
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TROPICAL STORM HERBERT
BEST TRACK DATA

CEST RACK g 24 HQUP FOPLCAST 48 HOUR FO™E CAST 7z HOUR F6, £CAST
7 PPars EPPORS LReonRs
to-DA-HR POSITY winp POSIT witth  DLT UL PuTiT WIND LG I POSIT VIND ST Wit POSIY UIHL  DST WIND
0F°o00Z 60 1418 16 0,0 9.8 0. ~B. Y. 4N 08 0. -8, £, 890 08 6. -6. 8 0d 0.0 0, -8. 0.
0619062 6.3 131.0 10 0.0 €8 9. -0 O, OM 00 0. -0, 0. w0 00 9. -0, €. LY 0.0 A -, O.
8619120 6.7 140.0 18 0.6 0.0 0, <0, 9, L@ DO C. -0 8. 4 0O 0. B 0 W8 8.0 0. -8. Q.
ecIciel 7.0 139 5 15 0,8 W.6 0. -0, 6. U 0.8 O, -0. 0. 0.0 00 0. -0. 0. €.0 0.0 0. -0. V.
G622 7.2136.5 15 0.0 0.8 0. -0. 0. 0.8 O 0. 0. O. 0.8 0@ 0. -0. 0, 0.0 A0 B -0, O.
L2096 7.6 13°.8 1S 0.0 0.8 0. -0 ¢ .8 0.0 ©. -8, 8 0,0 0.2 0. -0, 9, 0.0 0.0 ¢ -0. O,
8628122 7.2 137 1 18 9.0 8.9 . «3. . (R 0.0 a -0 0. 6.4 8.6 [: PR 13 8.0 0.0 l' -9, 0.
8520187 8.1 135.2 1% v.0 0.8 a, a, 9. Q. 0.8 L PR 9. LR Ny 0. -9, o. 0.0 u.0 © -8, 0.
0621002 8.3 13%.2 15 8.8 8.8 0. -9. 0. 0.8 9A 0. 6. A, 5 Oy 0. -8. 0, 0.0 6.0 5. -v. O,
E BEZ1862 8.6 133.1 1S5 6.0 H.0 8. -9 0. U.n .9 ", 0, 0. n.a 0.0 EFEE o, 0.0 0.8 (L M a,
E #o2112¢ 8.9 133.0 15 0.0 6.2 0. -0. €. B.@ 0.0 ©. -0, 0 09 05 0, -0. 0. ©.8 0.0 9. -0. O.
eF>1107 2,1 1%1.9 20 0.0 6.8 9, -8. O, 0.8 €9 8. -0. 0. H.0 006 0. -0. ©. 0.8 8.6 ¢. 9. O.
96°200C 9.3 130.9 28 9.0 Ok 6. -6 ©. 9.2 €8 ©. -8. . 4.0 0.8 6. -0, ©. 0.8 6.6 0. -0. O
8512062 9.6 129.8 25 6.0 0.8 90, -8. 0. O .6 £, -0, 0. .6 0.0 0. -0. 0. 0.4 0.0 0. 9. 0.
86I0120 9.8 128.6 25 9.8 ©.9 €. -0. ©. 0.0 9.8 0. -6. H, 0.0 .0 6. -0. ©, 9.8 9.0 ©v. -0. O.
€5221ET 10.2 127.4 25 0.9 0.8 5. -p. Q. 0.0 N8 A 0. B, 5.0 6.0 € 0. ©. €8 0.0 9. -0, 0.
8623000 10.5 126.0 2% c.0 0.2 c. -0, a, u.b 0.6 [ N 0. G 9.0 8. -0, 2. 4.0 8.0 0. -0. [t 1
- 8623062 11,1 124.8 25 3.0 0.4 9. -0, Q. Q,n 6.0 € -0 Q Hou 0.0 @é. -9. [} J.0 0.0 ~ O. 0.
i 0523122 11,6 123.5 25 0.8 0.0 B, -0. O B 0.9 0. -¢. O 9.0 66 L. -6, O 0.0 8.0 v, -6. 0.
i ©R23197 12.0 122.2 3 6.0 8.0 O, -¢. 0. ©® 0O 0. -2 9. ©.A PSS 8. -0. 0. 0.8 0.8 1, -0, O.
“ i 062300z 12.3120.7 35 ©.8 ©.8 0. -0. O, 0.8 w® B -8. 0. f6 9o O. -9. ©C. 6.8 0.0 #, -0, O
i 3673062 12,3 119.2 48 0.6 9.8 0. -0. 4, O 0.8 0, -8. ©, =0 0.0 0. B, 6 5.3 8.0 4. 9. O.
§ 0624127 12,9 117.7 49 12,5 116, 35. 30, 3 1o.s 4%, 6% 0 195 395 43 a6, C.
9623182 13 6 116.4 48 13,1 116.7 35, 3h. HOWE S 5, ¢ PETA AN BT N I 1 = 0.
§ 6625067 14,3 115.2 4% ta4.H 11501 3. 13, 11,3 a5 LT ] ©.0 ", 3, 0.
i BE250€2  15.0 114.0 SA 1S.! 11..1 49, 355, tive  Co, ;b 0.0 { n, dq.
H V528127 15 S 112.8 59 16.D 115,23 8h.  Jal. LIS ST, N 4 9.0 o 2, (LN
: 845102 16,3 112.0 %3 16,7 112.0 0. a2, Hi . 6. a0 W U, O
H Q6702 16,7 111,03 S9  YPL0 e a5, 25 o 24, 0.0 it 2. e
H 8626667 IT.3 110.2 S8 17.S 1.3 a5, 31 LLUNH [ a.0 0. 1, [ 8
B26107 C.8 110.5 45 18,5 1186.6 49. WUy, LI 1] i} a9y ” o, ",
0526162 18,5 1100 a5 8.V 19,1 49, 25, an . [LF) ) . ", n,
- BE2700Z 19.€ 182 7 43 19.2 102.6 35. 13. v.a 0. g ] 0. u.
8627062 19.5 109.7 43 19,7 103.5 35, 16. e.s 0. 0.0 0. 6. 0.
. 062712, 26.? 109.6 45 20.5 i0%.8 35. 21, [ v.e a8, 9
SL27I87 20.6 199.5 45 21.0 103.6 38. 25. [N [ R T N
_ 0628007 21.1 102.2 45 21.8 Jet.7 5. S0, b4z o. 0.0 t 9. .
0520802 21.7 18.2 a0 0.0 6.0 0. -0. .0 U. 0.0 LU [ 0.
9523127 21.9 195.9 280 8.0 0.8 0. -0. 6 a wo e oo
BEZRICT 22.4 105.6 1S 2.0 9.9 9. =0, 9.6 L] 0.u ' 1, a,
; £629002 22.3 104.2 18 0.0 8.0 9. ~0. 6.e 0. 606 4. -0. O.
.
fLL FOPELASTS TYPHOGH . WILL 7P 26 1S
LRIG 2:4-HP JR-BR T -HR WRHG [ B 1S I § AR T
= RUG FOPLCAST POSIT EPROP 28, 7C.  13M. o 9. . . 0",
= N A5 PIGHT fusGLE CPPOP 13, 39, 102, =<, 0. a, 3 1]
= AYG IITLHSITY IPGHITUDE ERROR 8. 13. 13, 2, Q. . 3. /]
A LITFRSITY BIRS =2, -1, =19. G, 0. u. 9. /]
HABLP OF FUrfCnLTS H 11 he 2 9 [} U )
= DICTHRCE TPAVELLD PY STORFM IS 2321,
= AVERRGE TPELD OF SIOPH 1S 11, ¥NOTS
= H
= TROPICAL STORM HEPBERT
= . FIx POSITIONS FOR CYCLONE MO, 7
:
= SRTELLITE FIXES
¢ FIx TitE E1x
E ; MO, (D) POSITION ACCRY  DVORAN COBE SATELLITE COMENTS SITE
3 t 210031 8.44 135.1F  PCH S 10.540.5 DHSP33  IHIT £BS PGTY
! 2 211027 8.9H 13%.3E PN S 1HOANE PGTUY
| 3 211800 9.8H I132.26 PCH O OTHER PGTU
! 4 212387 9.3 1309 PCN & HORRE PGTU
¥ S 228152 9.4 133.6E  PCH S T11.0-1.8 /DE.5/25HRS DIGP39 PGTU
' 6 220300  9.5M 129.6E  FCH O OTHER PLTY
e 7 221803 10.6M 123.88 PCN S HOARS  DATR EDGE PRTY
H % 8 222243 11.BN 124 9E  PCN 5 HOARS  DATA EDGE PETU
9 230133 10.3N 125.5€  PCN 3 12.8/2.B-/D1.0/24HRS DISP39 PCTY
* 19 231208 12.6N 128.6E PlH G OTHER PGTY
= . * 13 231200 12.8M 1i19.5€ PCH D OTHER PGTY
l * 12 230008 12.48 119.7E  PCH O OTHER PGTU
i 13 240060 12.44 120.0€  PCH G OTHER PeTY
= 13 14 240153 12.30 128.¢E  PCH S 12.8/2.0 DMSP33 INIT 08S RPIK
= < * 15 248360 12,24 1192 PEN O OTHER PGTW
¥ 16 240200 12.6n 118.38  PCN O QOTHER PGTU
%d_ 17 241102 12.8M L17.7€ PCN S HOARG PGTY
4 © 241269 13.8M 117.5€ PCH O DTHER PGIU -
{ 19 241600 13.24 11€.7€  PCH O OTHER PRTU
¢ * 20 242108 Id.dN 114.4  PCN E OTHER PGTY
* 21 242331 LLSH I14.8€  PfH 3 13.5/3.5 NOARS  INIT 085 PGTY
* 22 258235 14.SH 112,46 PCH S T3.0-3.8 ~Di.B/23HRS DISPSS RPIA
* 23 250235 1478 113.7€ PN 5 T13.0-3.0+ DISP39 INIT UGS ROD!I
3 24 250998 15.1M 113.2€ PCN O DTHER PGTY h
3 25 251200 1S.4M 112.28 PN O OTHER PGTY
(2 26 251221 1S.6M 112.7¢ PCN S HOAAG RPIK
(g 2/ 251608 15.2H 112.8€ PCN G OTHER PGTY
4 * 28 252186 17.1N 111.3E  PCH O OTHER PGTU
f 29 252255 15.5M 1112t PCN 6 prSP3F RPMK
$ 36 260108 15.9M 111.8E PCH 6 T3.L-3.5 ~DD,5/22HRS  HORRG RPIK
3 31 266215 17.04 H1I.O0  PCN S 72.5-3.5-/U1,0/26MRS DIGP3S FOTY
2 260215 17.1N 116,80 PCN S T12.5-3.8 /UB.S/2aHRS DISP3Y RODN
¢ 33 260608 IT.6M 111.2€ PN O 0IRER PGTY
Y 34 260980 1118 PN G OTHER PGTU
> 35 261159 1BSE PN S HOARE  268X1 CH3 RODH
e 35 261208 118.48 PN O OTHER PETY
L 136
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37 261680
38 262109
39 262234
48 262234
41 278038
42 278336
43 279988
44 271136
45 271208
46 271608
47 272213
43 280ses
49 288816
50 286308
51 280316
52 280316
53 288388
S4 281200

FIX TINE
KO, (2

249217
242390
258620
2sesz2

BWHN -

FIX TIME
H0. @

221280
236088
221280
271208
28g080

(LI CVY S

NOTICE - THE ASTERISKS (%) INDICATE FIXES UNREPRESENTATIVE AND NOT USED FOR BEST TRACK PURPOSES.

18,54
19.IN
18.84
19.94
19.04
19.6N
28 3N
20.1H
28.34
28,84
20.74
21,58
28.8H
21.8N
2t.an
21.6n
21.58
21.84

110.2€
110.6E
169.5€
189.6€
189.4€
169.7€
110, 1€
189.3€
119,2€
189.5C
109.2€
109.4E
189.2€
109.7€
188.4€
188.6€
107.1E
186.6E

FIX
POSITION

12.4n8
14.48
14,98
15 4N

FIX

119.9€
115.2€
113 8E
113,76

POSITION

18.54
11.08
11.54
28.88
2118

129.8E
126.8E
123.5€
118.0€
199.2€

PCH
PCH
PCH

PLH
FCN

b3

[

=z
COVUOUODVDOUDUNLAOO

FLY 790tB 085 MAX-SFC-LND MAX-FLT-LL-LND RICRY EYE EYE 0OJEN- EYE TErP (C) =4
vt HGT HSLP VFL/BRG/RNG DIR/VEL/BRG/RNG NAVAET SHAPE DIAM/TATION OUT~ INs DE/SST MO,

158eF T
7eete 3861
7vers  3esi
788t 3620

13.0/3.8-

996
998
996

292

INTENSITY NEAREST

ESTIMATE  DRTR (NI

25
2s
290
38
45

15
48
38
20
28

48
29
35

a3

T4.8/4.8-7D8.5724HRS

13.074.8-/U1.8/264RS

RIRCRAFT FIXES

048 7 220 SO 168 18 S5 1 424 427 424 27 2
@59 38 168 49858 S S S +12 412 2
859 20 142 49698 18 S5 3 4
8586 18 159 JI285A 18 6 3 +14 +12 +12 4
SYNOPTIC FIXES
COMENTS -

i
NOARG RPIK i
DrSP39 RPIK i
OTHLR PGTY §
NOARG RODH :
GTHER PGTU
DTHER PGTU
DMSP3?  DATR EDGE RODK
OTHER PETY
NOARG INIT 0BS RODH '
OTHER PLTY
I5P33 RPHK
aNBP35 RODH f
CTHER PGTY .
ITHER PETY

137
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TROPICAL STORM IDA
BEST TRACK DATA B
2
BEST TRACK LRRNING 24 HOUR FORECAST 48 HOUR FORECAST 7z HOUR FORECAST
ERRORS ERRORS ERRORS :
MO/DAMR POSIT  UIND  POSIT  UIND DST UIND  POSIT  UIND DST UIND  PISIT  WIND DST WIND  POSIT  UIND DST WIND :
0786062 12.5 133.9 25 12.2 139.8 25. 19. ©. 13.6 135.8 35. 135. =5. 14.) 131.8 45, 223. -5, 15.8 128.6 55. 389. ©. :
8706122 13.2 136.8 38 12.9 139.7 25. 55. -5. 14.5 136.8 48. 191. ©. 15.7 132.2 45. 339. -10. 16.2 128.9 5. 452. =S. :
0705162 13.9 137.6 30 13.7 138.7 30. 65. ©. 15.3 13,7 45. 281. 5. 16.4 130.5 45. 306. -10. 17.1 26,9 45. 378, -5. . 3
8767002 14.7 136.5 25 14.5 136.2 48. 21. S. 16.4 131.7 SS. 124. 18. 18.0 127.6 6. 197. @. 20.2 123.8 70. 192. 20. E
H 8207062 15.8 135.3 48 15,5 135.4 43. 19. ©. 17.5 131.0 S5. 145. S. 19.6 126.9 6S. 208. 10. 22.8 123.3 70. 207. 25, :
i 0707122 16.7 133.6 48 16,5 1318 48. 17. ©. 19.6 129.2 $O. 133. -5. 21.4 125.6 0. i7e. 10. 22.4 128.6 65. 189. 20.
] en718Z 17.2 131.0 4B 17.2 132.0 45. 1l. S. 19.6 126.9 55. 5. 3. 21.2 122.9 6€5. ©9. 15. 22.5 119.8 65. 45. 20. E
H 8769002 17.8 130.1 45 16.0 130.2 45. 13. ©. 20.9 123.8 €0. 101. @, 22.9 118.8 S5. 143. 5. 0.6 0.8 0. -0. 0. 3
8708062 18.3 128.6 S@ 18.3 120.6 S8. 8. ©. 20.7 123.4 62. S4. 5. 23.4 110.2 50. 137. S. 0.8 0.0 ©. -B. 6.
076812Z 16.6 127.1 SS 19.8 127.8 SS. 13. ©. 20.7 120.6 €5. 93. 15. 24.1 116.9 S8. 167. 5. 9.8 8.8 8. -9. 8. -~
8783182 19.9 125.8 S5 19.2 125.0 S5. 49. O. 21.6 119.5 6. 178. 10. 25.2 116.8 38. 205. -15. 0.8 8.8 0. -0. A. E
8769002 19.3 124.4 60 19.2 124.6 68. 13. ©. 26.8 119.7 60. 48. 10. 23.5 116.7 6. ?7. 5. 0.8 0.8 0. =8. 0
8789862 19.8 123.2 <5 19.7 123.3 60. B. S. 21.4 118.6 €8. 56. 15. 24.3 116.2 20. 102. -25. 0.2 0.8 ©. -B. 4.
8709122 20.3 122,2 S8 20.3 122.2 68. 8. 10. 22.4 117.7 €0. 71. 15. 25.2 115.8 15. 125. -30. @.6 0.8 2. -8. O.
0709182 28.7 121.4 SB 20,7 120.7 68. 39. 18. 23.2 116.7 S8, 95. 5. 0.0 8.8 ©. -0. 6. 0.8 8.8 0. -0. ®.
} 0710882 71.1 iZ8.5 59 20.8 120.9 S5. 29. 5. 22.7 118.5 45. 58. 0. €.6 9.8 8. -8. B. 9.0 8.8 6. ~8. 0.
8718862 21.5 119.6 45 21.2 119.8 55. zi. i0. 22.8 116.8 45. 17. 9. 0.0 8.8 B, -8. 0. ©.8 0.8 8. -2. 8.
{ 8718122 22.0 118.9 45 21.7 118.8 55. 19. 18. 23.9 115.8 30, S57. -15. ©6.0 .6 O. -0. ©. 0.6 0.8 0. ~8. 0.
0716152 22.4 118.2 45 22.4 118.1 S5. 6. 10. 24.6 116.1 25. 48. -5. 0.9 0.0 ©. -0. 8, .8 0.8 0. =0. 8.
8711802 22.6 117.7 45 22.7 116.6 45, S6. 2. 0.0 ©.8 ©. -8. ©. 0.0 0.8 B, -2. ©. 0.6 0.8 0. 8. 0.
e711862 22.8 117.1 45 22.7 117.1 45. 6. 8. 0.9 9.8 @8. -8. 6 0.8 8.0 9. -8. 8. e.8 9.6 0, -8. 0.
0711122 23.2 116.6 45 23.8 116.6 45. 12. ©. 0.0 6.8 . -8. ©. 6.0 0.8 8. -8. 6. 0.0 ©.8 9. 8. O.
; 8711187 23.8 116.2 38 23.8 116.2 38, 8. 6., 6.0 0.6 ©. -8. ©. 0.6 0.8 6. -9. 6. ©p.8 0.8 B, -p. 0.
H
i
H ALL FORECASTS TYPHOONS LHILE DVER 35 XTS5
; LRNG  24-HR 4B-HR 72-MR WRNG  24-HR 49-HR 72<HR
: VG FORECAST POSIT ERROR 2. 9 182,  253. °. 0. . 0.
: AVG RIGHT ANGLE ERROR 1. 3. 73, 1%. e. 0. 8. .
AVG INTENSITY HAGNITUDE ERPOR 3. 7. 11 14 a. o, 0. 8.
. AVG INTENSITY BIRS 3. 3., -3 . 8. o. o. °.
i NUFBER OF FORECASTS 23 19 1a 7 [ [ e [
i DISTANCE TRAVELED BY STORM IS 1527. MM
AVEFAGE SPEED OF STORM IS 12, KNOTS
TROPICAL STORM 1DA
F1X POSITIONS FOR CYCLONE KO, 8
SWTELLITE FDES
FIX THE FIX
w0, (2 POSITION  ACCRY  DVORAX CODE SATELLITE COrENTS sITE
v 1 050608  <.3N 144.8E PCH O OTHER PGTY
2 £69837 11.8H 149.5F FCH I T0.0.8.0 DIEP33  INIT 005 PeTU
3 068529 12.14 139.9F PCH S TIROSH PCTU
2 860957 12.5H 140.1E PCN S NOARG  LLCU LINES FETY
5 861608 14.1M 137.9€  PCH 0 OTHER PGTY
6 86204l 13.7H 136.7€ PCH 6 DISP37  PSM BASED Ot UL FERTURES PCTY
7 872190 14.8M 137.4E P{N O OTHER PGTL
8 862256 14.8M 136.2E PCh S T2.6/2.0 /D2.0/22HRS HOAAS PGTU 3
9 878158 14.9H 135.6 PCN S DISF29 PATY
+ 18 072159 15.50 135.5€ PCN 5 T3.0-3.0 MISPI3  INIT 08S RPYK
4 1 078388 1S.3H 135,26 PCN D OTHER PETY 2
! 12 O71116 16 'N 13356 PCH S NORAG PGIY E
i 131 871288 16.2H 133.46 PCN € OTHER PGTY
! 14 071600 16.64 132.46 PR O OTHER POTY
\ 15 872355 17.6M 126.7€ PCN S NDARG POTU E
I 16 072355 12.9N 129.6€E PCN 5 HOARE  DVORRK GHt 39 PASS RPHE
: 17 850139 17.6M 129.4€  PCH 5 13.5/3.5 /DI.5/27HRS DIGP39 PGTY E
! 18 20133 17.84 129.0E PCN S T4.8/4.3 /D1.0/23HRS DIBP33 RATY. E
M 13 080139 17.7N 129.4€ PCN 5 74.8/4.0+ DISP3S  INIT 085 RODH
o] 20 51053 16.6N 126.7€ PCN 5 NORRG  PARTIALLY EXPOSED LLCC PGTY
. * 21 931688 19.4M 125.8E PCN O OTHER PGTY
H %2 952142 19,18 124.5€ PN 6 DHSP3? PETU -
23 BS23IT 19.6N 124.5€  PCN § HORRS PGV
‘ 24 098119 15.1H 124.8E PCH 5 14.8/4.8 /50.0/24HRS DIGP39 RPIK E
re 25 #90119 19.48 124.2€ FIN § T3.5/3.5 /50.0/24HR5 DISP3S PETU .
i 26 898119 18.9 124.1€ F(N 5 T4.8/4.8 /50.8/24HRS DIEP39 RODH
i 27 030300 19.5H 123.9€ PCN O oTVIR PGTY E
b, 28 91831 19.9N 121.8f PCN S NORRG PGTY F
% 25 ©91680 28.4M 120.6€ PCH O oTHER PCTY E
i+ 30 892310 21.88 126.8f PCH 5 T3.0/3.5 AB.5/20HRS HODARS POTY
s 31 186241 21.8M 119.5€ PCH 5 T3.004.8 ~L1.G/2MRS DMSP39 RPIK
4 32 188241 21.eN 120.2E PCN S T3.0/4.0-AU1.0/25HRS DISP39 ROV
{ 31 180625 21.5M 119.8E PON S TIRGSH PETY
< 34 108625 21.8M 119.6€ PCN S T14.0/4.8 AIROSH  INIT 0BS RESD =
X 35 160887 21.2M 119.3€ PON S TIROSN RPHY E
36 101158 21.44 110.6€ PCN 6 NOARG RAYK E
37 101668 22.6M 110.5€ PCN 0 onER PETY E
38 192188 22.24 117.6E  PCN O OTHER PETY 3
: » 39 182248 22.34 116.7F PIN 6 Trsear RPTK E
: 28 118838 22.4M 117.7€  PCN S 13.0/3.0-/50.0/22HRS HO0AAE RODM -
. a1 119220 22.8N 117,56 PCN 3 T3.9/3.0-/50.0/24HRS DIGF35 RPIK 3
42 118221 22.64 117.5E PLN 3 Y3.9/3.8-/50.0-27HRS Di5233 PGTY E
M 43 110221 22.0M 112.3€ PCH 3 T74,5/4.5-/D0,5726HRS  DISPIC RKSD =
: 34 118756 23.28 116.7€ KON S TIROSN %P :
45 118986 23.3% 116.4€ PCH O OTHER PoTY E
i a4 111208 23.7N 116.3E  PCN O OmHER POTU
47 112219 2420 11S.3F PLN S DEP37 RPIX
: 49 112220 23.30 114.8E PIN 6 NEP2” RODH
~ a3 120087 23.8M 114.66 PN 5 T2.5/%.0-/UB.5/28RS NORAE RODM
T8 120281 24.8N 114,26 PCH 5 T1.5/3.8-/U1.5/24HRS DISP33 PGTY
(e A —~ —
&~
ot e e M M L s - 2 e -
= o= _ -‘k’f -‘-‘- = — m— _ R
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o TN e, 3, rt«""!';ﬁ;:br i

FIX
HO.

Ewcaﬁmmuu»—

12

TIE
14

8608145
BE2326
azee1s
878915
872138
e8e633
o5e850
egz133
839735
290983
491936
&%2217

ROTICE =~ THT ASTERISKS (%)

Fix
POSITION

11.64
14,54
15.64
16.38
17.58
18.%4
18.54
19.14
19.94
28.28
28.70
28.84

140.9¢
136.5€
135.4€
134.6€
130.8E
128.5¢
127.8E
12L.1E
122.9€
122.6€
121.3€
121.0¢

FLT
i

1500F ¥

7esre

rears  08S

1002
A0 998
3835
3821 992
3831 932
2975
2961 9398
2911
2968
2957 981
2945
3see 958

RIRCRAFT FIXES

MAR=SFC-inD
HGT ISLP VEL/BRG/RIG

55 9%0
85 848
85 098

45 130

€6
(]

15

HAL-FLT-LVL-WND  ALCRY

DIR/VEL/BRG/RNG NAVAET

288
158
228
233
170

120
182
178
138
368

HEAUL BEREY

NWABAS RS b B

INDICATE FIXES UNREPRESENTATIVE AND NOT USED

139

EYE
SHAPE
2
5
S
2
2
]
9
s
19
19
5
12

EVE ORIEN-
DIRMVTATION

FOR BEST TRATK PURPTSEE.

EYZ TEfP (L3
oUT~ ™7 L.osT

<4
+11

13
+13

+19
+14

+15
+12

+25 424 26
+11 1}

+1S *18
*3 49

+1g + 9
+16 +12

+16 +lb
16 +13
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TYPHOON JOE
BEST TRACK DATA

BEST TRALK URRNING 24 HOUR FORECARS! <48 HOUR FORCCAST
ERRORS ERRORS CRFOPS
msDAMR  POSIT UIND POSIT UINZ  DST UIND PLSIT UiND  DET UKD rOSIT UIHE  DSY UIND POS
erieeer 9.z 148.3 15 6.6 0.8 6. -8. B, 0.6 8.8 0. -8, a. g.¢ 0.8 d. -B. 8. 6.8
@716267 10.: ta2.2 22 €.0 8.8 ©. -B. o, 0.8 8.6 3. -8. 8. 0.8 0.0 2. -8. e0. 8.9
8716127 11.0 136.86 20 0.0 8.0 2. -B. 8. 0.0 8.6 0. -0. 8. e.e ©6.8 9. -5. 6. 0.0
B716182 13.9 145.1 S5 0.8 0.8 2. -8B, 8. 68 9.2 8. -8. W©. 2.0 00 ©C. -0. 8. 0.0
8717862 12,4 :ad.1 38 12,7 143.8 28, 5. -1C. 16.1 13%.6 <D, 166. 5. 9.5 135.4 S5S5. B, 8. 0.2
8717062 12.7 142.8 38 13.3 142.9 28. 36. -18. 16.2 130.9 0. 154. ©. 18,8 134.9 S55. 293. -5, 28.3
8717122 2.9 3131.6 @ 13.8 142.5 28. S3. -19. 15.2 138.2 45, 120. @. 17 3 I133.7 SS. 213. -13. 19.2
STI7IBZ 13.0 13063 32 13.1 138,94 20, 8. =10. 14,3 135.5 a5. 2@, %, 15.5 138.8 SS. 158. -20. 17.B
8718002 13.4 138.9 33 13.2 139.8 25. 3. -10. 14.2 133,2 SO, 63. 5. 15.5 i29.6 6€D. IT3. -25. I17.3
2718862 13.% 137.7 S0 14.1 137.5 35. 17, -5, 15.3 132.% 5S. €. -5. 37.0 127, $5. 158, -38, 19.3
eTIf2y 14.2 126.4 45 14.2 136.3 &2, 6. ~S. 15.7 131.2 €0. 73. ~5. 7.8 126.2 78. 1¢2. -33. 20.4
8719162 14.4 134.8 SE 14.4 135.1 45, 7. -S. 16.1 31381 65. 117. -10. 16.0 125.2 7O. 185. ©O. 20.9
2719902 4.6 133.2 55 34.6 133.3 Se. 6. =S. 16,3 127.2 9. S54. =15. 10.1 122, 7S. 116, 1S5. 20,5
erI9B6z  15.8 13:i. & 15.0 131.7 S55. 12. -5. 16.6 125.7 5. S6. -20. 18.8 120.% ©8. 1. 5. 21.5
8r12122 15.3 136.8 €5 15.3 138.1 €5. 6. 0. 17.2 123.9 90. 43. -15. 19.7 lig.7 I1O. 111, 25, 22.7
2719182 15.4 26,2 75 15.8 128.8 Te. 42. -5. 318.0 123.€ 9S. S. 25. 26.3 .3 1i0. 17H. 28. 23.3
T80 15.6 126.€ €5 15.7 126.7 eO. @. -S. 17.3 115.4 6@, C2. ©. 19.8 1!5.1 70. 3. -28. 2.0
T2e00Z  16.1 125.3 95 16.B 125.8 65, 6. =10. 7.5 118.€ 65. 29. -iB. 19.3 114,8 7O. 162. -1, 0.0
B7ZVIZZ  16.5 123.7 185 16.4 123.3 6. 24, ~15. 7.9 (13,1 T@. SA. ~i5. 19.0 114,39 TO. 2s5i. ©O. 0.0
SIIOIBZ  IT.0 172.2 @ 17.1 122.2 95. 6. I5. 10.8 117.5 0. 125. =28. 28.1 1!3.9 7O, 3i1f. 5. 0.0
BT2100Z 16.9 128.4 €8 17.3 1.7 €5. 34, S. IRG 116.1 €8. 143, -1, 21.2 113.1 69, 382, 55, 3.0
#T21862 17.C 119.8 7S 17.8 1'9.0 BS. e. 18, 28.3 113.7 TO. °0. -1B. 8.6 0.0 0. -0. BO. J.0
BT2I127  18.4 117.3 BS 18.7 117.5 7S, 21, -10. 22.8 1:2.1 7O, 16T, B. ce o0.¢ 0. -8. ©. 8.0
e7I118Z  18.9 115.5 92 19.2 115.3 7S, 21. -15. 23.2 1:12.1 1S. 250, -%@. ¢.2 80 €. -B. e. 00
Q7220 19.4 113.7 S8 19.9 113.7 7. . =20, 0.8 e¢ 6. -0, B 8.0 C0 0. -2. 0. 6.0
222062 19.9 112.8 68 20.2 112.8 3. 18, 8. 8.¢ 0.6 ©. -0, £, e.6 .08 0. -0. 0. 6.0
8722122 20.4 110.2 70 20.4 110.2 €0, e, 1d. 8.8 2.0 0. -0. ©O. ae 906 U, -f. D, 0.0
8rz21CI 29.8 188.4 65 20.8 183.2 £5. 1. 15, 6.8 8.2 e. -0. . 6.y 0.0 0. -8. 8. 6.0
Br2IL8Z  23.2 106.6 25 21.3 106.9 55, 10. 38, 8.2 2.8 9. -b. B. 8.6 o0 8. -2. B8. 5.2
TYPROONG LHILE OVEP 35 rit
WS W S1-MR T2-MR

RS FORTCAST POSIT EFRDR 15. 107. 773,

Ve RIGHT ANGLE ERPGR 13. 9. 189,

VG INTERSITY INGHITULE EXROR ta. 1388 1. 3, 9. 11, r.

MG INTENSITY O1AS -2. -3, -2, 1. a. - 3.

HEBEP OF FOYECRSTS 25 26 17 13 b 1A 1z

SISTANE TRAVELED BY STCRM IS

2541, el

AVERAGE SPEED OF STORIT IS 1S, KIOTS

FIX TIE Fix

M. D POSITION Ry

162936  18.6n 136.3L
162216 12.:8 1435.8€
176822 12,28 143.6€
170388 12.5N 184,30
13,48 142.7€

17690 13.5% jR2.8€

171203 3.4 141

171606 13.7% 138.2E

121809 13.6M 133.6€
18 72154 13.6% 139.6€
11 160143 14.IN 138.5E
12 180143 3.5 130.3€
i3 180908 4.3 136.9E
18 191037 143N 135.3€
1S 181268 1454 136.0€
16 131600 14.8N 135.3E

P XY YT Y WYY
o

21 190303 33.6n 132.1E
22 191011 145N 120.2€
23 191600 15.8% 120.&
24 122250 IS.7m 127.5¢
25 20103 15.44 126.68

32 201600 16.9M 1227
31 29198 7. 12128
32 202180 . 121.2€
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MO e NOA WS, AAPNIMMeMUUNOUOWWY VOO NDNNROOBAQBANN

TYPHOON JOE
FIX POSITICHNS FOR LYCLORE 0.

SATELLITE FIXES

PVDRARK CODE SATELLITE CORPENTS

/D1, S/20MRS  [AEPY9
EPI?  INIT OBS

i
R
Y

W

5 /b1.3725®s [SP3D
13.573.5 /L2.0/29WS  MSPYY

HORAG o THRERTRL EYE

T4.5/4.5-/D1.025W5  UGF3Y
TS.0/5.0-/T1.S/25®S  MEP3Y

14.873.8+10.525F5 WEA3S
T5.6s5.0 /50,0729 NMGPFII
T4.574.5¢+ 26239 INIT C8S

72 HOUR FORECAST

QOO TORIO®
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FIxX
POSITION

17.88 122.6£
17.44 121.7€
7.4 119.6E

iy

RIRCRAFT FIXES

SYROPTIC FIXES

INTENSITY NEAREST
ESTIMATE  DATA (D)

15
15

188
S8

141

COITENTS

MOTICE - THE ASTERISKS (e) INDICAIE FIXES UNREPRESENTATIVE AHD NOT USED FOR BEST TRACK PURPUSES.

780t8 0BS IAX-SFL-IND IRX-FLT-LVL-UND RCCRY EYE EYE ORIEN- EYE YEre (O *5H
w HGT IGLP VEL/BRL/RNG DIR/VEL/BRG/RNG NAVAET SHAPT DIRVTATION OUT/ IN/ DP/SST .
1588FT 1806 15 230 25 4 5 2r 1
1S80F T 1686 2B 6680 60 090 22068 €8 3 3 +23 424 +23 27 2
1500FT 1065 1S 340 60 20 38 320 128 3 30 24 ~26 24 27 2
700r0 3187 1064 146 31072 188 S5 S *12 413+ 7 3
7008 3895 176 28968 25 S 10 3
7e0iB 3035 991 <D 09D B 108 356899 18 6 2 *24 +24 28 4
o8B 2947 143 659848 18 2 2 s
70408 2936 983 58 339 30 64d 61 320 22 2 2 ELLIPTICAL 20 1S 938 15 +15 14 S
7ex8B 2881 S 65219 10 139 74870 15 S S ELLIPTICAL 27 28 818  +15 +16 +16 6
78608 2741 956 68 248 S 160 8909 15 6 2  ELLIPTICAL 2B 18 158 +13 +19 412 7
78818 2636 Ssese 9 170188693 18 2 2 ELLIPTICAL 19 16 158 b4
70808 2570 S45 75 138 6 300 73228 15 1@ S CIRCWAR 17 +20 +12 ]
722t8 2915 982 S50 120 99 190 64 1361290 4 5 +13 +14 +11 18
RADAR FIXES
EYE EYE RADOB-CODE RADAR SITE
RADAR ACCRY SHAFE DINT  ASURR TDDFF COTENTS POSITION w0 N,
Land URLLKLE /S 16.€8 128.3%
LeND WRLACE AS 16.68 128.3E
LNy CIRCULAR 34 15.2n 128.6E 98327
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TROPICAL DEPRESSION 10
BEST TRACK DATA

§
BEST TRACK WRRNING 24 HOUR FOPECAST 48 HOUR FORECAST 72 HOR FORECAST £
ERRORS ERFORS ERRORS H
MO/DA/MR  PUSIT UIND POSIT uind  pSY UIND POSIT UIND D37 UIND FOSIT ViIND DAT UIND POSIT UIND DST UIND H
@r15182 14,8 1254 2¢ ©.0 @.8 £. -0. 0. 6.0 9.0 B 8. ©. 9.6 9.2 ®©. -0, 8 2.6 8.0 4. -9. 0. H
e716n82 14.6 1°3.9 26 O ©.8 9. -5. O. ©.8 08 e -6. 8 0.0 98 & -0 ¢. 8.8 8.6 6. -2 0.
@Ti6862 14,2 122.2 28 ©.6 0.8 9. -8. @ 9.8 0.8 8. -3 0. 08 88 O, -, ©8. 8.8 6.6 e -8. €.
B71615C 4.8 128.6 28 O.8 9.8 9. -0. 3. 6.8 0.8 6 -5 8. 00 88 & -8 e. &0 6.8 0. -8 b
eri616z 14.7 119.2 25 ©.9 6.8 ¢. -8. 0. 8.8 €8 ©. -8. 0. 2.6 8.2 o -4 8. ©&.6 8.6 a., 8. O
9ri700Z 15.2 317,86 Je @0 @@ 9. -8 e. 0.0 .0 9. -8, . b0 3.8 8, -8 8. €8¢ 8.8 0. -¢. 0.
e717062 16.% 116.2 30 0.8 o.8 6. -8. ©. 9.6 08 3 -3 0. 00 8.6 0, -3, ©. 8.6 8.8 0. -2 H
o717122 17.2 115.2 30 17.3 115.8 39. 13. @. 21.1 111.3 a5, %8, 15. 0.6 8.6 O, -0, 8. 8.6 €0 a. -a. 0.
8717162 10.3 114.4 38 17.9 1131 39. 29. ®. 21.9 118.5 40, 133, 12. 0.0 e.e 8, -6, ©, 6.8 0.0 8. -8. »,
0716262 15.1 113.9 I8 19.9 114.8 25. 78. -5. 3.0 9.0 ©. ~0. @. 0.3 6.6 8, -, ©. 8.6 0.0 o -8 O
0718262 15.5 113.5 30 20.7 113.9 25. S3. 5. 6.0 ©.8 8. 6. B, 00 d.B 9, -, ©. e.6 e8 0. -2 6.
ori18122 20.7 i13.0 38 21.¢ 113.2 25. 67. -S. 0.8 0.0 6. -~6. 0. 0.6 €8 o, -6, 6. ©6.0 0.6 a. -2, 6.
s718182 21.3 11%.6 38 21.9 13,1 28. 0. -16. 9.0 0.6 0. ~8. 0. 0.4 &85 8, ¢, ®. 6.8 0.8 8. -2 0.
2719802 21.8 112.5 38 22.0 112.2 20. 26. -16. 6.0 ©8 6. D, 0. 08 23 9, -, 0. @0 @8 o, -8. O.
er1906z 22.6 112.3 20 6.6 ©.8 @. -6. 6. 9.8 3.6 o -9 O 0.8 88 O -5, ©. o.r 8.8 o. -&. 0.
AL FORECASTS TYPHOONS HILE LY 35 KTS
WRES  24-HR  J8-RR T2-HR UENG 24-HR  43-HR  72-M%
AVG FOGRECAST POSIT ERROR 2, 115, €. 8. 0. a. R a.
AVG RIGHT RIGLE ERROR 3z, 92, 2. 8. e. 9. e e.
AVG INTENSITY IAGHITUDE ERRCR 3. 13, e, a. 8. 0. e. e.
AVG INTENSITY B1AS -5. 13. o e. e, 0. -] 0.
HABER OF FOPECASTS 7 z 2 [ [ ° e °
DISTANCE TRAVELED BY STORM IS 1837, an
AVERAGE SPEED OF STORT IS 12, KINTS
TRIPICAL TEPRESSION TD-18
FIx POSITIONS FOR CVTLIME M. 10
SATELLITE FIAES
FIX TItE Fix
. () POSITION a4 g ovaRAx LODE SATELLITE COMTENTS SiTE
e 1 150181 14.0M 133.9€  fCH R T1.6/1.8 MBr39 IHIT Caf 430
e 2 158555 14.eM 132,2€ PLH G ROMOE LTy
3 16022 14.2¢ 112,28 Plu 5 Ti.es1.0 DeSP39  INIT OBS ROI=
4 161117 13,30 31856 PIN§ NOARG. ROIN
s S 61119 13,74 117.68 PIu S HOMG PETY
€ 162357 1IS.iM 118,068 PLN S T1.5/1.3 /D3.5/22uRS NOARE 4 E
7 170203 iS.7H MI7.5E PN S TLLS/LS HEP3s  INIT G3S FoTL
8 179388 1S5.6% 117.5c¢ FLN O ONER PoTY
9 17e7es 1638 15.2E PN D OTHER . LTV
16 iT1eSS 6.5 18,0 PUN S HOAOE Poatu
11 171200 16.3M 11438 PCH D OTHER LTy E
12 1716886 T.EM 134,28 PIN O OTHER PoTY
13 171880 IT.7H U137 FCH D DTHER €1
14 17233 19.7H 114,38 PON S T1.O/1.5-18.5/ZIRS  KOARG SECONDARY CTR AT 18.94 114.2E FoTu
15 1ef38e 28.2H 113.38 PN O OTHER PGTY :
15 199324 2e.iM 113.8€  PON S T1.5/1.5 /SB.8/2NRSs WBP33 RO E
e 17 188930 2i.I% 3,26 PN O DTHER 7org
. 10 151208 21.6% 113.1€ PLN O OTHER pLT
« 19 15i6es 22,5 113.0€ PIN O OMER Ty
SYNOPTIC £ 1XES E
FIX TIE FiX INTENSITY MEAREST
Ho. 2 POSITION CSTIMATE  DATR uen COITENTS
1 1e128e 21.e8 113.8E 33 188 ’
2 08823 21.5h 112.3F 3% 13
3 191Z8d 23.54 112.0€ $ 15 E
NGTICE - THE ASTERISKS (#) INDICATE FIXES LAREORESENTATIVE arD HOT USED FOR BEST TRACK PURPDSES., 3
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: SUPER TYPHOOM KIM
BEST TRACK DATA

BIST TRACK WRNING 24 HOUP FORECAST < HoR FOMECAST 72 HOUR FORECAST
ERRORS £SRCKT £2000%
MO/BANS POSIT  WIN3 POSIT  UIKD BST UInd  POSIT  WING IST UIND  POSIY  LIND ST UIND  POSIT  UlN: DST WInD -
8719282 7.5 155.2 1S 8.8 e.8 6. -8. e3 e&& 8. -5, 8. €8 && 8. -6. ©. ©.B o8& A -8 B
] 8219%0n2 7.8 153.8 28 6.8 b.v 9. -b. e.0 8. -8. ©, 8.8 8T 0. -8. B. O.¢ 0.6 0. -3. o~
IS 8.1 132.9 0 B.E e.8 8. -B. 2.8 2. -6, ®. 8.6 3@ €. -8. 8. 8.8 ©.& I, -B. 2B
271918 B.2 ISi.1 20 8.8 ©.8 . -8, 2.8 2. 5. 8. &8 B3 2. -5 O 2.2 B8@® 2 B &
- Q70T 8.3 139.7 25 o2 e.8 2. -B. .8 e. -8, 8. 0.0 2 8 -8, C. 82 208 3 -2 &
SRSET .3143,5 25 @.2 £.8 0. <B. 0.0 2. 6. 9. S0 &m 9. -8, 6. T.H 9.0 9, 8. ©O.
erze12r 8,5 147.3 30 3.3 1.4 3Ja. 13, 9.2 8. 3127. S. 1.9 13%.8 63
ers5i¥?  ®,t 195.6 32 2.8 155.6 33, 18, 8.2 &3, K6, 5. 1291327 )
er21687 3.5 143.9 38 9.5 133.9 3. 2. B, T2, 18, 142 1A%
i Lr21052 1.0 141.8 @ 9.9 1433 36. 3B, S0, B2, 8. 140 1255
3 0721127 18.€ 13v.7 35 12.2 18,1 15, 26. 2. . 10, 14.8 126.3
§ - ®7211B7 10.< 138.3 35 2.4 138.8 33. 32 62. 35. 1. 1S.2 126.3
+ ET22BES  10.9 136.2 35 1I.@ 136.7 4. 3. S$%. 21 -S. 15.6 $243
er22057 112 135,3 42 1:1.S 135.3 6. 8. &, 3.8 129.2 £B. 27 -S. 16.3 123.5
e72212T  11.6 1337 SA 11,3 133.5 <R, SB. -18. 12,6 128.7 €5. 6L -%. 14,8 1230
O7I215T 12,2 132.Y Sb 12.2 132.2 5. 6. -S. 14.5 125.3 6. 188. -10. 6.5 119.5
672300 130 139,86 68 13.2 I138.6 €0. IT. . 16.2 123.5 7S. iS4, -15, 19,7 1.
0723662 13.2 I29.4 65 141 122.0 65, 43, €. 16.9 122.& 6B. TI2. -qe. 19.9 116.3
e723122 13.6 128,3 T® 3.7 320.0 e, 18. €. 15.5 122.% S9. 121, -Se. TP 7.2
% BT2IILT 14,0 12003 OO 142 126.9 TO. 12, -1f. 15.5 122.2 %M. BE. ~SO. 1.3 117.3
H B723207  14.4 I6.1 % 13,3 125.9 6S. 12, -5. 15.9 I21.S 8. A, =33, lr.g 1N7.8
B PRS2 15,8 125,45 10 159 fDag 9. 35. -1B. 16.% 12002 (5. ©3. ~%. 18.6 IIS.&
H Q722127 15,8 123,46 132 5.2 123.% 118, 13, 28, 16.3 3218 £, 09, &), 7.8 Il6.B
g P2ART 16,2 123.5 130 1S5.% 123.2 120. 25. -iE. 1B.m 118 €5 53, Se. L1143
BT25LAT  16.7 122.6 199 15.% 122.3 9. 2i. -id. 18,3 119.0 2. 39, &5, 2L.3 1138
CIISEGT  IT.3 I1.e 7€ 17.1 121.3 €%. 2i. -3, 19.F 11Tz B3, 9. 38, 21.8 112.@
B7I512Z 7.8 22,5 R 1T.6 120.0 MY, 34, 35. 19.6 11S.3 2e, 132, 24, 22,0 118
{ OT2SICT 6.5 §19.6 S5 18.3 119X S5, 21, 0. 20 & 1S3 TS, 9. 30, 71152
: 6725857 19.3 11R.2 S8 3.3 118,34 SS. 17, S, 2.3 1148 TS, 333, 2. &8 B2
p F2E250 19,7 119.3 SR 19.5 1121 €8, 6. 1B, 21,3 9148 75, 3314, 3B, 8.8 S8 O, -A. £ B2 8.8 2. -, 4
H 7.5 59 22,2 117.1 S, 25. 2. WO MI2.1 K. M. 8. 0.9 BB B. -0, 0. ¢ F0 § -3 e.
. 1168 4% 212 1SS <%5. 75, 2. 6.2 6.8 ©. -8, 6., 0.8 £.2 6. -6. O ££& o0 & -3 O
116.3 4% 22.1 115.6 5. 4. 8. .0 08 w. -6. A, 0.0 ©.B @ -0. Uv. .6 008 . -D. 3.
N 1159 &5 22,3 31%.8 5. 6. £, 9H 0.8 £, -2, £, BB 5.3 8. -8 B £& 508 o, -C. D
115.$ 39 23.6 115.3 3. 11, B, 0.2 €& ©. -B. O, O ©.2 o, -8 H. 6.0 6.0 2. -0, 8.
, 135.3 2@ 6.2 €8 9. -6. € 0.6 0.8 8. -5 ©. €8 B.® 0. -6. € £3 8.0 5 -0. @
fLL FOFECRSTS TYPHOOMS WHILE T&F 33 ¢T3
PG 2R IZeMP T2-MR g 24-HR &N T2eNm
v FORTLAST POSIT EPRDS 23, §5. %A 25. 9. 154, 1A,
§ G FISNT iGLE (PROV 16. . e, ., . %. .
AV INTENGITY DNONITUR ShegD S. 2. s, [N 2. 5. 2.
. A% INTENRITY CIRS -1 4. 3. e, <. - =S,
NRTER OF FORECASTS 29 s 2z 18 24 2 = 15
SISTRIE TRAYELID 87 STSRTT 1S 2461, W1
. i RYERFGE SPEED OF STOPM I3 13, KMOTS
SPEP TIPHOCN FIn
J FIX POSITIONS 508 CYVEIOME 0. 13
H
i} SATELLITE FINES
. FIX TIre FIx
[ T4 FOSITION RICPY DVvORRR LT SATELLITE COITENTS
IoIgIieD 5.5 13S.58 PN O R
= i 2 18234 B8N I1SLTE ™S Ti.estd XEPII INIT 08S
3 192380 T.28 1SS.2E PIM O onER
Y 3 ICeEeM  7.2M 1ST.EE PN O oTHER
* S IS1Bil 8.5 IS1.2E PN S L )
! 6 o0IB3  B.SN 147.38  PCM S TI.es1.@ WEPII INIT ORS
) 7 230612 B.7H 140.8E PN 3 TIPOSH  LICU LINES
v g9 238348 92N ILT1E PN S Hw0E
. & 316D 9.IN 126.2¢ PIH O onHER
: 1 9.3N 145X FIN 6 wsP3
G £l 29228 9.5M 133.8f PN 3 NOE
v 12 216843 9. 143.7E  FON T T1.5/1.5 /I2.5/2085 MEPII
X 12 218044 27N 1438 SIN S TILVIG P39 INIT 085
i 14 Z1m3e8 I8.IN 143 FIN O unEr
15 218926 10.EM 141.2E AN S i)
16 251668 10.44 139.3F PCv 0 QrHER
H 7212206 16.58 137.3F PN 3 12.5/2.5 DL.BA2HRS NCAGG
17 12220024 11.3M 136.BF  PLN S T2.57.% -DI.5/24P5 NGPIS
b IS 22M3I0 11.24 136.6E PN O onts
iz 28 226563 11.28 134.6E KN O OINIR
i 21 221045 11.5M 134.28 KNS 1L 2]
e 22 221682 i1.6N I33.3E N O UTHER
\-}_ - 23 227148 12.98 I3L.ZE KN D SPIT PSN G5 ON I FEATURES
22 227325 12.7% 1387 PN S HOARS  PSN BSD ON WCC
{ 25 238145 1334 128.2F PON 3 T4.004.0 /DL.S/ZBES 10518
. Zo 2281 13.3N 136.7€  PIH 3 T73.573.5 -DL.O/5WPS TPl
s 27 23290 13.9M I128.6E PCN O OTHER
28 231023 13.8M 128.5 PN S HONGE
. 2% 231668 18, IN 12726 PEN O onER
] 32 232302 4. 126.2€ PCM 3 HORRE  FSEL EYE FRIIS
k 225 1A 125,65 FIN 6 75.0/5.8--D1.820RS  MeSPl3
3 32 240562 13.3N 1247 PINE onER
(k 31 231135 1S.IM 124.8E MN 6 s e d
E 33 241265 15.68 123.3F  PIH E oTHER
fi 35 250650 16.7N 122.3F PN C OTHER
o 35 230021 16.6M 12238 PIM 3 T5.6-5.8 WS IHIT 085
37 TIe24T 16.8M 12288 PIN 3 MEF3S
36 250300 IT.ON 121.68 PCNC onEP
3
~
!

5




I8 ZSeuBS 17.3M 121.& SN D onER T
= R OISESE IT.AIZLLE PIN 3 IS.0-5.20.52,.3-30K5  TIROSH PaTY
4 25E9%60 17.8¥ 1212 PIr D [ (1
&2 51113 TN I2eEl L 1 HORRE PLTY
= 33 251122 176N 128 FUK S MoRRG POt
‘ 41 252225 16.M 128.2f PIN 3 TI.5/3.Se PRPI7  INIT 033 xS0
= 43 252353 19.1M 11%.BT POM S 14.0/5.3 AULIZSRS MONRE O
= £ W8227 1938 1I8.5E PLN S e RODN
42 R2RT .18 138.SE PON 3 T3.5-3Se/UL So210G DrSPIT Pty
= & eSS 20.°8 11728 PO S TIROSH PATY
= £ Ziesar .M 1I7.3 PIN O OnsR PS5 BESH ON CONSERV FEATIFES PETY
e : 2 201857 20.34 MIT.GE AN S A reTu
= 31 25188 28.9% 116, 8€  PLM D oTHER PETU
= 52 262ie¢ 21.0M 167 PIN G OnER PSTY
= SY 26237 22.1n 1W6.6E  PCN S 00k PoTU
- 5% 2TE28T 22.% 11.86  PIN 1 T4,.8/4.5-A8.571095 NP3 Pxss
= S3 2Tezer 22.2% 1IE.E AN S T3.5/3.5-453.8078R% KSPYS PGTV
= : S5 ITemeT I3.SM 1IS.ED PING OTHER PoTU
F
H
] i QIRRFT FIES
= z
Fix TIE Fix FLT  TEER 183 SRX-SF(-U MROGFLT-IV-UC  ACCRY (3.4 EYE ORIEN-  EYE TEXP KC) SN
LN $ 41 PTSITION AtV MEY MRP VLTSS G TIZAGLBRLARIG MIVAE: ST BIRUVTRTION DUl B 2RUSST MO
T OIS2IES 12.1M 143.60 ISBEFT Wed 2SI 10 11T N &R 0 3 3% 423 422 2
. 2 WA 3N 1M 1SRFT 121 IS 10 e 3m3se 1% e 3 .23 +23 2 3
t 3 ZISRIR 10.8% 14085 IR 3166 32ew S 3 IR & S 3 5
. 4 216733 9.9 131.3T oS 3let 1822 23 162 S 123 31 ez &2 5 3 LIRS R s :
i S Z:1932 LN IITLSE TOGE 3MMS 138 6162 3 18 1 6
H € 2ZISE 8.8 1IT_IE TAEE 163 831 A A 16 B68 33 27T 7B 10 2 13 +12 ¢ 7 3 H
i T OLFI2D 18.9W 134T TEEG 3853 982 268 S2 e 7@ 1B 2 CieDmaR 1S 12 +14 018 3 :
H $ 221938 12.46 ISI.7f TEOXAR 2%9Y 8 SSexm 13 S 3 s :
H $ ZIZZII 12.5M 131X /8B 24 92 &3 870 e 138 gest 5 5 2 34 +16 417 s -
i e 23R7E3 13.8% 1292 7B 290) S ece 1¥ 158 ES 852 24 6 2 (iR 3% e ;
) 11 233A3 135N IZEME Tdem T TS SaOTC 10 S3& €533 2 3 2 CIEGAAR S .1 1S w12 18
12 231028 18.9W 127.3 TeEre WS %67 % SE1¥ S 18 5 CimuweR 28 15 #1127 1
3 IT I3 A ZELE TeXS 278 1R gSew 18 7 S CikGmam 1S it
14 23278< IS.3M IZ6.3X Jomm 2723 7SS ES 340 0S oM 3 IN 18 16 2 CumumaR 1S 13 +19 1
15 ZXELS 15.%4 125.1F TEE@ 23X si6 G we S We S e S S 2 Clewae T +32 +22 13 13
16 221683 15.0% 1Z3.7T TeB 2297 sed e 1z3 82 13 % 1 CletAeR T =13 +22 15 14
17 241943 16.3% 12X T IR 2 L3 1 15 S ¢ 14
1@ 242152 16.68 122 FE  TeEw 23T S 3826 S € TR AZ 15 18 2 CIEGAAR 6 27 e21 36 1
B 19 251353 1828 1137 e 292 YW 2% S 1Te AT 4 & 312 12 153
TR AN LIS TImE WS e a5 238 127 210 13
TS24 19.Im IISEE TEED 2364 S¥Y SEE2E 28 reR W s 59 3 S 12 1S
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22.% 159.7 X &2

2.5 130, 2= @g.&

2.9 133.6 J& 2.8

22.7 1490 28 2.E
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BEST TRACK DATA
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28 e.e £ te e -0
25.5 17,4 2E.% 15,8 %8, 123,
265 1228 .5
2.3 1208 E
26,7 138,13 e
7.5 158.2 3.2
7.4 152.t =5
7.2 1% %3
25.% 1. =1
7.2 1.8 3.2
7.5 s 3.4
3.7 1358 ..
5.2 1487 7.2
5.9 1822 2
232 3408 2.2
24,5 142.2 .5
2.6 1418 21.%

2.5 1451.2 1.7
3.5 Q.4 .2
22,3 3222 a2
E g ] =.:
3.7 1558 =<3
32.3 145.1 2.3
31.7 146 .1
3.2 145.6 2.8
X T R .2

.3 154,% &.2
33.5 180.2 2.2

& 2@ 2.8
22,3 18 ==
23.% 138.¢ 2.E
3.2 523 =% ]
35.3 1233 g.&
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VAR i

b

-

t“‘_; = g ot o e =

S AT o T =

W o Ak St A T

P ST

I el oy 17 0

.

27 o10027
28 019300
2?9 01843
38 91lene
31 912304
32 020008
33 0203eh
34 021082
* 35 0212688
36 021699
37 922242
38 039129
33 oJseles
48 830360
41 838948
42 031680
43 932056
44 932219
45 040189
46 9481038
4?7 840308
48 849308
43 048917
50 edicea
51 842034
52 042835
53 0842157
S4 050549
55 0589
$6 98%030a
57 850855
9 8sevee
%9 851209
68 0851ce8
61 052913
62 0852813
63 052133
54 069829
6% €6eB29
66 e683e8
67 060833
63 868300
63 661288
70 87.603
71 861952
7?2 0ro0es
73 oreses

FIX TIE
KO. (D)

299138
232225
Jateed
381384
392137
319682
3198328
311822
312149
19 010640
1l olases
12 911910
13 012130
14 8208747
15 0208215
16 021938
17 82215
18 930689
19 0830650
28 g31968
21 832238

VBNNN DG -

NOTICE -~ THE ASTERISKS (%

24,68
241
24, tN
24,08
23.8N
23718

23.8K
23.88

2.7
32,90

34.9N
36.6N

145.9€
145.5E
145.3€
145.2€
144, 4E
144 4
144.SE
144,3€
144,1F
144,36
144.S€
144.4E
144,58
144, 4€
144,3€
144,2E
144.2€
144.6€
144.6€
144, 6€
144.7€
144,3€
144.8¢
143.3E
146.2E
146.8€
146.2€
146.3€
146.6€
146.8E
147 .4E
14¢.7€
147 7€
146.3E
149.0€
148,98
149. {E
149.3€
149, 4E
149.6€
150.6€
150,9E
151.5€
152.6€
153.3E
154,48
155,26

FIX
POSITION

23.98
24.84
25.38
25.48
25,34
25.28
25. 1IN
24,64
24.68
24. 1N
24,18
23.84
23,6H
24.8N
24,1N
25,44
25.3M
26.28
26.44
27.5N
27.68

148.6€
149,38
149 BE
148.6F
148.6E
148.0E
148.8€
147, 3€
146.8€
146.2£
145.8E
144, 9€
144, 7€
144.5¢
144,6E
144.4
144.1€
144.4€
144.5€
144, 3E
144.5E
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1586FT
7é0r8
zgers
70018
Bl
708t3
Togts

74.,8/4.0

T4.574.5 sDB.5/244RS

15.0/5.0-/D0.5725HRS
T4.574.5

15.0/5.0-
73.5/4.5 ~J1.5724HRS

13.5/4.8=/U31.5719HRS

13.573.5-758,8/24HRS

¥3.573.5 /50.8-24HRS

T4 074.0-/09.572a4P5
T4.0/4.8-

IRIT 08S

PSH BSD ON LELL DFKRD LLCC

PSBL EYE FRING

INIT OBS

INIT 085

INIT 08S

AIRCRAFT FIXES

7841B GBS PRX-SFC-UND
HGT MSLP  VEL/BRG/RNG

1002 35 1ve
3915 994 35 25
2947 984
2319
2986 926 25 310
2858 48 208

2856 872 65 280
2852

2862 971 50 340
78 238
963 78 260
20853
2835 962 58 36C
2817 99 180
2812 965
2782
2771 962 45 849
276% 48 159

22?2 963 55 320
2889
2824 963 5B 3:0

38
69

128
66
15

30
28
€0

49
45

168
138
20

180

PAX-FLT-LVL-UND  ACCRY

DIR/VEL/BRG/RHG HRVAET

028

ONONE L AUWNCSOBULNNBRWNAWL

WNUUDLWHWNNNERN W WU N AD D -

EYE
SHAPE

CIRCULAP
CIRCULAR

EYE ORIEN-
DIAMATATION

30
30

IHDICATE FIXES UNREPRESENTATIVE RND KOT USED FOR BEST TRACK PURPOSES.
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~17

+25
+18
+11
+18
+12
+13
+14
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TYPHOON MARGE
. BEST TRACK DATA

BEST TRACK wARNING 24 HOUR FORECRST 48 HOUR FOPECARST 72 HOUR FORECAST
EKRORS ERPOPS ERRORS

W/DA/KR POSIT  UIND  POSIT  WIND DST woad  POSIT  wIND DST wInD  POSIT  UINMD DST UIKD  POSIT  UIND DST YIND
0207127 14.3158.1 2u 0.0 0.0 0., -2. ©. 690 0.8 0. -0. 0. 6.0 6.6 ©, 0. ©. ©.0 ©.0 0. -0. 0.
080718 14.3158.5 25 ©.0 8.0 ©. -0. 0. €. 0.9 0. -3 6. 0.6 0.6 © =-0. ©. 0.0 ¢.0 0. -0. 0.
0regenT 14,2 150.0 3¢ 0.0 @8 o, -€. 9 00 OO 0. -0, 0. 6.0 0.0 0. -0. 6. 6.0 6.0 ©. -0. O.
8800062 14,2 157.5 35 14.5 157.2 3% 25. 0. 14.C ISS.8 45, S1. 5, 14.6 153 3 S0. 325 -55. 14 6 150.8 S5. 693 -5t
0808122 14.1 197.8 35 14,3 156.86 4n. 175, S, L2 1544 SO. 146, 4. 4.4 151,28 S0, 443, -60. 14,8 143 S Sb. T2, -5,
0808182 14.2 196.5 25 14.2 156.3 48, 12. S5, 14,4 153.9 58. 189, -18. 4.7 I51.0 S50. S19, -60. 14.9 143.2 S5, S37. -d5.
. 620906 14,6 156.1 43 14,1 155.8 40, 35. €. 14.3 153.3 SO. 14.6 150,60 SS. <24, -55. 15.0 148.8 65, Y04, -30.
: 9809062 15.4 156.1 40 14.7 *"S.. 45, 48. S. 15.1 153.4 S5, 15.4 1506 60, §54. =50. 15.C 147.0 70, 901, -25.
9803120 15.3 155.7 SO 16.2 1 5. 45. 6. -5. 10.2 15L8 5. 20.0 152.8 60. 12, -0, 21.4 151.8 70, 526, -25.
i 0BU910C 17,3 155.2 60 16 7 155.6 45, 43, -15. 0.7 154.3 A5, 20.6 192,68 €0, 443. -40. 22.3 151.2 7O S42, -20.
H 8010007 18.4 155.0 S 10.5 154,83 65, 8. -10. 22.8 154 2 ©S, 25.9 154 5 85, 159. -106. 28.2 1£5.3 (0. 172, -15.
0810067 19.F 195.0 JLS 15.9 155.8 70, 6. -35. 25.0 155.4 99, 23,6 157.2 80. 7O -15. 30.9 159.8 iu. 191. -10.
0210127 2 .3 155.0 118 21.3 155.0 110. 0. 9. 26.7 155.5 120. 30.1 157.6 85, 90. -10, J2.0 160.6 65, "03. -15.
0P10IE2 2.7 155.2 113 2.7 155.3 f18. 6. ©. 27.2 156.3 110. 30.6 158.7 60, 140. -1, 32.5 161.0 6v. 232. -15.
8311307 24.1 135.4 110 24.0 155.5 11p. 8. 0. 20.2 196.7 100. 31.2 .0 /0, 96, -15. 34,2 159.2 SU. 93. -20.
[ikig{ilz4 [ 0. 20.% 156.8 90. 33,5 i%7.8 65, LIG. -15, 9.0 0.0 0. -0, i,
031112¢ 13, 8. 3l.s 156.3 0. 34,7 157.% eB, 179, -20. 9.8 0.0 0. -U. 0.
0311167 13, -S. 31.9 156.7 4. 35,0 1%4.2 S5, 169, =20, 0.0 0.8 0. 0. 0.
dR1200Z 28, 8. 32,1 156.7 70. 35.3 156.5 50. 155, -28. 0.0 0.2 0 <0, O.
. 0212062 27. 0. 3i.7 156.3 6S. 34.1 157.3 70, i35. S. 0.6 8.8 9, -0, ¢C.
081217 10. 0. 32.7 19%6.6 75. 5.9 1%.6 6C. 202. ©. 0.0 .8 @ -0. O.
0812187 21. -18. 33.5 156.8 S0. 6.7 159 6 95, 240, -15. 0.0 0.0 0. 0. 0.
0813002 12. -5. 33.7 156.4 SO. 56.2 158,72 0. 306. -15. 0.0 8.0 u. -0, u.
0813A6™ 26, ~5. 34,7 156 9 S0O. (AN} 9.0 a. =0, Q. 0.0 0.0 0. -0, 0.
L1113 3 Mod 19, -10. 34,7 157.4 H0. 6.0 8.0 e, -0. a. 0.0 c.C N. -0, 0.
0513182 35, -10. 34.7 158.2 45, 0.0 5.8 6. -0. 0. 0.0 0.0 0. -0. 0
: 0514902 3. -5, 34.0162.3 5. 0.0 0.6 0. -0. 0. 0.6 8.0 0. -G. O,
0L14062 32 ts. 0. 34.1 165.2 45, 5.0 0.0 @ -0. 0. 0.0 0.8 0. -0. 0.
0314122 33.1 3. 8. 3a.2 IEA.7 a. 9.0 0.6 6, -0. @, 0.0 0.0 N A, 0,
nRIIET .3 33.4 €. =5. 0.0 0.0 o. 0.9 0.0 e. -6. o, 0.0 8.0 0., =0, 0.
0815007 33 S 163.5 55 35.4 163.0 S8. 26. -S. (.0 0.0 0. 0.0 @ 0. =0. 0. 8.0 €0 0. -0, 0.
s 9815067 33.8 15,2 55 3.7 164.3 Lo, 95 =5. 0.0 8.8 0. 0.0 ©.a 6. =0, 0. 0.0 8.0 0. -8. G
: 0315127 34.4 162.5 50 34.0 166.7 SO, 46. 0. 0.0 0.8 0. 0.0 ©¥® 0, -0. 0. 0.0 0.0 0. -0, o
i 0815167 35.3 170.6 45 .5.3 170 € 45, 0. ©. 0.0 0.0 O, 0.0 0.0 ©. -0. 9. 6.0 0.0 B. -0. ¢
F
;
ALL FORECASTS TYFHOONS IHILE OVIR 35 75
WRHG 24=HR  iB-HP  T"-HR 3 £:11r8 Ad-HR  4:-HR  72-HR
RVG FaPECAST PASIT EPROP 28, 114, 276, SUG. 0. 14, 276, 508,
i AVG F1GNT ANGLE ERFOP 1. S8, 180, 371, 1. 8. 8. 3L,
AvG INTENSITY IMGNITUDE ERROR s, 1. 27, 2. 5. 8. &, 2.
AVG [HTENSITY RIAS -4, -1d. =26, =22 9. 1% =26, =27,
' NUMGER GF FORECASTS 2 26 20 12 3t 26 20 12
DISTANCE TRAVELED BY STORM 1S 1988. Mt
' AVERAGE SPEFD OF STCRM IS 10. RMOTS
TYPHOON MARGE
FIX POSITIONS FOR CYCLONE NO. 13
!
: SATELLITE FINES
s
' FIX TIME Fix
N0, (D) POSITION ACCRY  DVORAK CODE SATELLITE COMENTS SITE
A
i % 1 B6OBIT 16.2H 161.6E PCH 6 HOARG PeTY
2 0OF2ife  14.2M 158.0F PCH O OTHER PGTW
t 7 Q72350 14.8M 157 9 PN 5 T8.5/8.5 DHEP39  NIT 085S PGTY
{ 4 230923 13.BM 157.0E PCH & HOAAG PGTY
! S 031600 13.8H 156.4E  PCH © OTHER PGTU
} 6 081781 13.7H 156.3F PCH 6 TIROSH PETY
f 7 082100 13.8N 156.26 PCH O OTHER [
' 6 082209 13.8H 1S6.1€ PLH S HOGARS PGTY
H 9 832338 13.9M 1S6.8E PN 6 T12.5/2.5 /D2.8/24HRS DISP39 PGTU
he 16 899300 14.64 155.95 PCH O OTHER PGTU
o 11 830907 16.1N 155.9€ PCN 6 HOaAE PGTY
A 12 891600 16.7H 155.3€ PCH O OTHER PGTU
i 13 852147 18.14 1S4.8E  PCN S 73.5/3.5 /D1.8/72'R3 KOAAS PGTY
s 14 100360 19.38 155.3E PCN £ OTHER PGTY
1S 160845 20.9h 154.9E PCH 2 HOARG PCTY
16 101600 22.44 156.2E PCN £ OTHER PGTU
! 17102008 23,94 1SS.1E  PCH 2 DrSP3? PGTUY
3¢ 18 162100 23.4MN 155.46  PON E OTHER PGTY
1 19 102124 23.31 155.4€  PCH 1 T5.5/5.5 /D2.0/24HRS HOARG PETY
(i 26 110622 25.9M 155.6€ PCH 2 HOARE PATU
il 21 110960 26.1M 155.9€ PCh E OTHER PGTY
\" 22 111608 27.44 156.6€ PCH E OTHER POTY
- * 23 111947 27.8BN 155.9% PCN 4 75.5/95.5=/50.0/22HRS  DIGP3I7 POTY
i 24 112100 28.8M 136.2€ PLH € omiER PGTY
¢ 25 112182 27.64 156.8€ PCH 3 HORAE PGTU
X Zo 120511 28.8M 155.8€  PCH 3 TIROSH PETU
27 120900 29.5M 156.1E  PLH € OTHER £6TU
. 28 120941 29.5M4 156.8E PCH 1 HOARG PGTU
] . 29 121208 29.8N 156.8E PCN C STHER PETY
E I 121800 30.44 156.1€  PCH C OTHER POTY
¢ 31 121926 30.5M I5S.7E  PCN 3 T4.5/5.5-/U1.0/24HRS DIGPI9 PETY
£ 72 12100 30.84 156.0€ PCh € OTHEP PGTU
¢ 33 122221 30.8M 156.6E  PCH 3 HOANG PGIU
3 32 130080 31.0N 156.2€ PCH C OTHER PGTY
] 35 130300 31.34 156.2E PCN C OTHER POTU
3 36 130919 21,74 156.9E  PCH 3 HOAAS PGTU
3 37 121600 32,44 1S6.7E  PCH O GTHER ST
(% 30 152100 32.7M 158.0E PCH O OTHER POTY
39 13%150 32.5N 1S7.7€  PCN 3 T3.5/4.5-/U1.0/264RS NOAAS PG
3 _ 48 140448 32.9H 159.1E  PCN 3 TIROSH PGTU
gé
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it
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FIxX
KO.

VWONONDWN-

149857
131600
132100
150308
150608
150834
151680

ThE
(¥4

080533
899035
890615
090832
0891982
892215
180642
180035
118437

HOTICE - THE ASTERISKS (%)

33,14 160.1E  PLH 3
233.38 161.2€ PCH O
33.3H 162,26 PCH O
23.68N 163.6E P{N O
34.8N 164,4E  PCN O
33.98 165,86 PLN 6
35.2N 169.9E PCN O

LT
POSITIOR (AU N
14.38 157.6E 1500FT
14,70 156.2E 7oetB
15.5H 156.1E  7eore
15.8N 156.0€ 7eotB
17.54 154.9E 768D
i8.2N 155,1E 70018
20.1N 155.1E 7806/
20.7H 155.0E  7o0MB
25.1K 155.6€ eoi8

73.573.5-/50.6729HRS

72018 0B
HGT  HSLP
958
3825 992
3015
3019 599
2869
2841
2666
2624 944
2637 946

HOARG
OTHER
OTHER
OTHER
OTHER
HOAAG
OTHER

AIRCRAFT FIXES

PAX-SEC-UND
VEL/BRG/RNG

35 D40
35 250
49 830
49 180

166 188
120 050
118 290

45
24

070
250
230
090
228
360
189
018
250

&
aueaSanwu

MAX-FLT-LVL<UND RCCRY
DIR/VEL/BRG/RHG NAVAET

-t W N L G

EYE
SHAPE

CIRCULAR
CIRCULAR
CIRCULAR

CIRCULAR
CIRCULAR

IKDICATE FIXES UNREPRESENYATIVE AND KOT USED FOR BEST TRACK PURPOSES.

148

PGTUW Z
PGTY :
F3TY -
POTY :
POTY -
PGTU
EYE ORIEN- EYE TEP (C) 5N _
DIAM-TATION OYT/ IN- DP/SST  NO. =
+26 28 1
22 +10 +15 +12 2
3
15 411 15 1t 3 -
4
28 + 9 +i8 +13 )
k)
15 412 423 + 8 S
iz 416 417 419 4
-.
-




T S oo S

g e v = o p

T, e

i 7

A

TROPICAL DEPRESSION 14
BEST TRACK DATA

BEST TRACK LRRH NG 24 HOUR FORECAST 48 HOUR FORECAST 72 HOUR FORECAST
ERRORS ERRORS ERRORS
M/DAZHR  POSIY UIND FOSIT UIKD DST uWinp POSIT  UIHD DST WIHD POSIT UIND DST UIND POSIY Vi DST WIND
0814182 14.6 125.3 28 @.p 0.0 ©. -8. O. 0.0 e, 6. -. 6. 6.6 0.6 9. -5, 6. 8.8 6.0 6. -8, 0.
0815802 15.3 123.4 2& 15.5 123,86 38. 26. 18. 0.0 ©.8 ©. -A, B, V.8 0.0 9, -8, 0. 0.8 6.0 ©. -0. O.
8815862 16.8 121.6 15 !6.5 125.5 3@. 226. 15. ©.p 8.0 ©. -8. 6. 9.6 0.0 e. -p. ©. 9.6 8.0 0. -8. O
ALL FORECASTS TYPHOONS WMILE GVER 35 rYS
WRNG  24-HR 4B8-HR 72-HR LRNG  24-HR 48-HR 72-HR
AVG FORECAST POSIT ERROR 126. a. e. 0. 0. 0. 0. 8.
AVG RIGHT ANGLE ERROR €7, 8. a. 8. 8. 8. 8. a.
AVG INTENSITY MAGHITUDE ERPOR 13. 0. a. 8. 8. 0. e. 8.
AVG INTENSITY BIAS 13. 8. 9. 8. 8. 0. 8. 8.
NUIBEP OF FORECASTS 2 8 [ [} ] e [} 8
DISTANCE TRAVELED BY STORM 1S 229. KM
AVERAGE SPEED OF STORM 1S 19. KNOTS
TROPICAL DEPRESSIOH TD-14
FIX POSITIONS FOR CYCLONE NO. 14
SATELLITE FIXES
FIX TItE FiX
O, (D) POSITION ACCRY  DVORAK CODE SATELLITE COMENTS SITE
* 1 122221 8,IN 137.56 PCH 5 T0.8/8.8 NORAE INIT 0BS PGTY
2 141686 13.8M 126.8E PCN O OTHER POTY
3 141888 14.4M 125.4E  PCH O OTHER  BSD ON UL FLOU PGTU
4 142180 14.9N 124.4EF PCN O OTHER  PSH BSD ON CONTINUITY PGTY
S 142206 15.4N 124.3F PCN S DISP37  PSH BSD OM UL FEATURES PGTY
6 142317 15.94 123.20 PCH S T2.9-2.8 ROAAE INIT 085 PGTY
7 156308 16.0M 122,.7E PLH O OTHER PATY
= 8 150980 16.8M 121.8E PCN O OTHER PGTU
9 151157 16.64 121.9E PCN S HORAS RODN
10 151688 1/.38 128.8E PCH O OTHER  CONTINUITY FROM KADENA PCTW
11 151984 17.6M 120.9E PCH 6 TIROSN  POOR LONGITUDINAL PSN RPIK
12 151984 17.64 120.8E PCH S TIPOSH  LLCC PSH AT 15.1M 128.7€ PGTY
13 152180 18.6N 113.4E  PCN O OTHER  FSN BSD ON LLCC AMD CONTINUITY PG
* 14 152190 14,6M 126.1€ PCH O OTHER  PSH BSD ON LLCC PGTY
15 168820 18.8M 118.4E PCH O OTHER  PSH BSD ON CORTIRUITY PGTY
16 168336 19.7N 120.26 PCN 5 T1.5/1.5 HOARE INIT 085 RODH
17 168368 13,98 119.1E  PCH O OTFER PGTW
18 168749 20.IN 116.2E PCN S T1.6/1.8 TIRQSN  INIT 0BS RPHK
19 168309 19.8N 117.8E PCN O OTHER PGTY
AIRCRAFT FIXES
FIX TIE FiX FLT 70018 085S MAX-SFC-UND MAX-FLT-LML-UND ACCRY EYE EYE ORIEN-  EYE TEMP (C)  ISM
NO. (2} POSITION LVL  HGT H5LP VEL/BRG/RNG DIR/VEL/BRG/RHG NAVAET  SHAPE  DIAMVTATION OUT- IN/ DP/SST  HO.
1 158442 1€.2N 127.1E 1588FT 1084 20 240 43 290 19248 & B S 424 425 424 27 2

NOTICE - THE ASTERISKS (%) INDICATE FIXES UNREPRESENTATIVE AND NOT USED FOR BEST TRACK PURPOSES.
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TYPHOON NORRIS
BEST TRACK DATA
BEST TRACK WARNING 24 MOUR FURECAST 48 HOUR FCPECAST 72 HOUR FORECAST
LRRORS CIPORS EPPOPS
M/DAHP  POSEY WInD POSIT UiND  DST uinb PGSIT HIND  DST WIRD 20317 UKD  DST WIND POSIT UIND  DST WIND
©82308C 5.2 1436 20 ©.0 6.8 0. -0. 6. ©8 €0 0. -6. ©. 0.k 0.0 0. -2 @, 0.6 0.0 ©. -8. O,
0023062 15.6 142.2 20 6.0 0.0 0. -p. ©. 0.0 0.0 U. f 0. 0.0 0.6 €. ~6. 0. 0.0 w0 8. -0. O. .
6223122 16, 140.7 20 eo 8.0 0. -0. 8. 8.0 8.0 Q. =Jd. a, 6.0 0.0 0. -9, U. B.v 8.6 9. -0, Q.
0823182 16..4 §33.4 25 ©.6 .6 0. -0, ©. €90 O.¢ 0. -8. B wH 0.0 ¢ -9. u. 0.0 0.0 0. -9. 0.
0624007 16.8 138.3 20 16.8 138.3 30. 0. O, 0.3 1335 a0, 74 5. 19,7 126.6 SO, 4. 0. 21.5 124.5 60, B8l. =20,
0824062 17.2 137.4 30 17.1 §37.2 30. 13. B. 18,7 132.2 45. 74. 10, 20.T 127.9 S5. 1. €. 22.9 1241 65. 37, -2u.
0824122 17,5 136.6 30 17.2 1349 30. £3. 8. 1£.3 133.€ 45. 7C. S. 19.8 129.2 S5. 147. -5. 21.8 125.7 65. 213. -O5.
9824182 17.9 135,7 30 10.1 135.3 30. 26, 0. 20.1 131.¢ 45. 3@. 0. 22.4 128.2 S5. 1ii. -15. 25,8 125.3 6€3. 212. 5.
£325082 18.2 134.8 35 15.1 130.8 36. 54, -5. 22.0 131.8 J4S. 155. -5. 24.2 127.9 60. 177. -2¢. 26.8 124.6 5. 226. 0. «
0825062 13.7 133.5 35 18.8 133.5 35. 5. ©. 28.2 122.2 $0. 45. -5. 24.8 125.3 69. 109. -25. 26.3 123.1 65. 169. 20.
0825122 19.3 132.1 4y 13,2 132.3 40. 13. @, 20.6 128.3 50. 7. -10. 23.3 125.0 6O, 134, -39. 26.5 122.9 65. 226. 30.
0825187 19.8 131.0 45 19.7 131.0 49. 6. -5. 2%, 25.6 123.% 5. 131. 5. 29.4 i22.2 69. 303. o,
0826002 20.2 129.8 S5O 5.3 128 6 45. 21, -5. 22.4 25,8 122.5 70 9%, 1S, 29.0 124.5 68, 434, 4%
0626062 20 7 128.6 55 26.8 1233 S5. 5. 0 232 26.8 122.3 75. 13/. 30. ©.6 6.8 ©. -0. 0.
9826122 1.5 127.3 60 Z1.2 127.3 6. 18 0. 2. 27.7 122.6 T0. 229, 35 €. 9.3 3. -u. O,
£826182 22.3 126.2 70 22.3 126.1 65. 6. -5. 26.3 29.6 124.6 76. 324. S0. 8.0 0.6 ©. -B. 0.
i 0827002 23.1 124.9 G¢ 23.4 125.€ 75. 19. -5. 28.9 31.5 126.% 76. 5C4. S5. 0.6 0.0 f. -0, .
. 0827062 23.5 125.9 85 23.9 123.7 £5. 21. 0. 2.8 2.0 ©.0 0. -0. 0. 0.0 0.0 b. -8. O.
0827122 24.3 122.8 99 24.6 :73.8 ©5. 21. =5. 2B.2 6.6 2.0 0. -8, B. 0.0 2.0 8. ~Q. Q.
0827182 24.5 121.4 €9 24.8 122,80 80. 37, 20. 28.2 .9 8.8 ¢. -0. 8. 6.0 0.0 0. -9, 0.
2826002 25.0 120,89 S5 25.5 120.3 S55. 44. 0. 28.6 8.6 B0 B, -0. B, 0.0 0.0 O. -8. 0,
08280862 25.8 120 0 45 25.7 179.3 55, 17. 10. 2.9 0.8 0.8 .0 0. -0. 8. 8.0 0.0 f. -0, 0.
8828122 26.1 118.7 35 2C.8 118.8 6. 42. 5. 0.6 0.0 4.6 0.0 B -0. 6. ©.6 0.6 8. -0. O.
0820182 26.6 117.4 28 27.3 117.0 38, 52. 16. A.0 0.2 0.0 8.0 0. -3 0. €.0 0.6 9. -0. .
: 0825M0Z 27.6 116.6 15 ©.0 ©¢.8 ©. -0. © B0 ©.0 o 9. u. 0.6 0.8 8. -0 0. 0.6 ¢.8 O -p. €.
!
H
H ALL EORECASTS TYPHOSGHS LMILE OVER 35 KTS
WPNG  24°HR 3B-HR 72-HP LRNG  24-HR 43-HR 72-HR
s AVG FORECAST POSIT ERROR 26, 103, 183, 212. 22. 93, 126. 1€3.
AVG RIGHT ANGLE ERROR 19. 8. 134, 144, 17, 9. a4, 102.
. AVG INTENSITY MAGNITUDE ERROR 4. 16, 22, 24, “ 5. 15. 13,
AVG IHTENSITY BIAS 1. EN 7. 18. 6. 7. -l .
IBER OF FORECASTS 20 1?7 13 9 15 15 14} 7
DISTANCE TRAVELED BY STORM IS 1718, KRY
i AVERAGE SPEED OF STORM IS 12. KHOTS
TYPHOG!! NORRIS
' FIX POSITIONS FCR CYCLONE NO. IS
' SATELLITE FIXES
FIX TI'E Fix
N3, (2} POSITION SMCRY  DVORAK CODE SATELLITE COMTENTS S1IC
i 1 222280 15.6M 143.4E PCN 5 710.0/0.8 HORAS  INIT 08BS PGTU
v 2 238380 1S.4M 143.0E  PEN O OTHER PGTY
o 238920 16.1M 141.2€ PCN O OTHER PGTY
' 4 231839 16.5N 148.9E FLN S HOARG PGTU
A 5 231288 16.5N 148,9E PCH O OTHER PGTU
: 6 232108 16.5N 139.2E PCN O OTHER PCIV
7 232319 16.7N 138.5E  PCH 5 T1.9/1.8 /D1,8/25HRS NHOARG PGTY
§ 248380 15.8N 138.1E PLN O OTHER PGTY
: 9 240617 17.1N 137.7€ PCN S TIROSN POTY
i 16 242%00 17.3N 137.6E PLH O OTHER PGTY
? 11 241817 I7.IN 137.8E  PIN S HORAG FGTU
12 241982 18.3N 135.7E PCN S TIROSH PGTU
{ 13 241982 1B.9N 135.9E PCN S TIROSH RPIK
. 14 242180 18.4N 135.3€  PCN O OTHER PGTU
[} 15 242257 18.38 135.1E PCN 5 T72.5/2.5 /D1.5/23HRS NOARS PGTU
16 2586€8 19.6M 133.5E PCH 5 T3.0/3.0 TIROSN  INIT 0BS RODH
s 17 258686 19.eN 133.5€ PCN 3 TIROSN PGTU
v 16 258988 19.2N 132.9E PCN O OTHER PGTU
Y 19 258955 19.24 I132.BE PLM S HORAE PGTU
H4 20 251608 19.5H 131.2€ PCH O 0" R PGTU
4 2t 252188 20.1N 130,26 PCH O OTHER PGTY
¢ 22 252124 19.6N 138.2E PCH 6 T4.0/4.0 15037 INIT 0BS RPIK
23 252134 19.9N 130.6E PCN 6 DHSP37 PETY
24 252234 19.6N 138.8E PCN 5 T3.5/3.5 /D1.0/24HRS HORAG PGTU
H 25 2€0108 20.2N 129.7E PCN O OTHER PGTU
H 26 260554 J0.4N 128.5€ FCM 3 TIROSN PGTU
: 27 268554 20.5M 128.8E PCN 5 T4.674.8 /D1.B/24HRS TIROSN  INIT 0BS RODH
i 28 268900 20.7N 128.0E PCN O OTHER PCTU
. 29 261114 21.1H 127.6E PN S NOAAG PGTY B
Y 38 261114 21.6N 128,8E PLN 6 NOARG RPIK
\‘. 31 261114 21.3N 127.9E PCN S NORAG RODN -
g 32 262180 23.0N I25.7E PLH O OTHER PGTY LI
{ 33 262353 23.24 125,85 PCN 1 T4.5/4,5 /DI.B/25HRS NOARE PGTU £
i 34 278724 23.5H4 123.6E P H | T4.074.8 TIROSH IHIT 0BS RXSO §
N 35 278988 24.8M 123,3E  PCN C OTHER PGTY
36 271851 24.38 123.1E  PCN 2 NOARE PETW
B 7 271288 24.5M 122, PCN E DTHER PGTY
] 38 271600 24.8N 122.8E PCN O OTHER PGTY .
1 39 272016 24.4M 120.7E  PEH 3 TIROSH RKSOQ
( a8 277810 24.3N 121.0E  PCN 3 TIROSH RODN =
- 41 272339 24.9N 121.8E  PCH 3 T3.5/3.5 /U1.B/23RS NCARE PGTU =
3 42 280308 25.6M 120.5€ PIN O OTHER PGTU = 3
( 43 288713 25.64 118.6€ PCH 3 T3.5/3.5- TIROSM  INIT 08S RPIK =
L 44 288713 24.7NM 119.8E PCN S T3.0/3.0- TIROSH  INIT 085 RODM =
[t 45 288900 26.IN 118.4€ PLN O OTHER PGTY =4
7 46 281829 25.4N 117.9E PIN S NOARS  FIX DSD OM UL FEATURES PGTY =
(1‘ 47 281200 26.1M 117.2E  PCN O OTHER PETY E
L. 49 281680 26.7N 116.9€ PCN O OTHER FETU £ E
¢ 49 202108 26.aN 11S.8E FLN O OTHER PGTU =
i 150 2
Y =
2=
=
i=
= —_— =
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RIRCRAFT FI¥ES

THE FiX FLY  708M8 08S MAX-SFC-UND MAX-FLT-LVL-UND ALCRY EYE EYE ORIEH- EYE TEMP (C) SN
(3] POSITION LVL  HGT MSLP  VEL/BRG/RNHG DIR/VEL/BRG/RHG NAV/IET  SHAPE DIAM/TATION OUT/ IN/ DP/SST  NO.
248188 16.94 130.1E 1SE6FT 1995 35938 10 £ 25036 15 6 S 425 +26 26 28 1
241215 17.84 136.4E  708r6 3131 130 30138 69 2 3 2
241520 18.34 135.6E 7outB 3115 1082 270 25218126 5 S +12 +12 + 8 2
250008  18.24 134.7€ OB 3064 35366 30 230 18058 20 S5 S 3
250307  18.6M 133.9E  7e0!B 3034 35350 23 248 34160 15 B 18 411 413 412 3
260424 26,64 128,98 780MB 2962 983 35248 3b 296 42240 35 S5 S 411 416 432 6
261228 21.64 127.1€ 7oBre 2898 220 76149 40 2 4 7
261445 21 8H 126.8€ 7ot 2873 973 850 S53e8 s8 2 3 +12 +17 +18 ?
262030 22 6N 125.7E 700ME 2796 -]
262180 22.9M 125.5E 7AHIB 2790 962 336 42240 17 4 3 +13 418 +11 8
270808 23.1H 124.8E 7eerB 2264 55318 45 038 72318 28 4 2 8
270250 23.44 174.2€  7OOME 2714 954 65 818 35 140 94670 30 4 3 +16 418 +15 8
RADAR FIXES
THE Fix EYE (314 RHDOB-CODT RADAR SITE
(¥ POSITION  RADAR RCCRY  SHAPE VIR ASWAR TDLFF COMMENTS POSITION WO NO,
262100 22.64 125.6E LAND 55775 §3611 24,38 124,26 47918
262100 27.7h 125.5E LAND 22913 53114 24.8H 125.3E 47927
270080 23.1M 124.9C LAND 55704 73118 24.3H 124,26 47918
278183 23.3N 124.7€ LAND S5/-,4 73116 24.38 124,26 47918
276108 23.a1 124.6E LAND 51913 24,88 125.3E 47927
270200 Z23.34 123.5E LAND 50913 73614 24,38 124,26 47918
270200 23.44 124.5E LAND 11914 53012 24,64 125,36 a7s2r
270300 23 34 124.28 LAND 51513 72914 24.3N 124,28 47918
270380 23.4N 124,28 LAND 11813 52713 24.6N 125,38 47927
270438 23.5N 124.1E LAND SAe13 72912 24,34 124,26 47918
2704308 23.5M 123.9E LANP 21914 S2816 24,84 125.38 47927
270500 23.5% 123.9E LAND 5573 72911 24,38 124,26 47318
270508 23.aN 123.8E LAND 21843 52611 24.88 125,3E 47927
270500 23.5H 123.8F LAND Ssrrs 72034 24,08 121.6E 46659
270580 23.Sh jZo.fE  LRND Ssrr7 72612 RCKK
27@600 23.6M 123.7E LAND srece 73106 24.0N 121.6E 46699
270708 23.6M 123.6E LAND 10812 52907 24.0M 121.6E 46699
270700 23.6M 123.6€ LAND SS/s3 73083 24,30 124.2€ 47918
270780 23.5M 123.6E LAND 12814 53205 24.84 125.38  argz?
270880 23.6M i23.6E LAND 12814 53205 24.84 125.3C  ars2r
270868 23.7H 123.5€ LAND Serrs 73586 24.08 121.6€ 46699
270800 23.6M 123.5€ Lanp 56313 72908 24,34 124,26 47913
270900 27.eN 123,40 LAND 50913 73210 24,34 124.2€ 7919
270900 23.5M 123.4E LAND 11973 53114 24,94 125.38 47927
271008 23.9M 123.3€ LAND Serrs 3506 24,04 121.6E 46699
271000 23.8M 123.4E LAND Strrs 73586 24.0H 121.6€ 46639
271098 23.94 123.3€ LaNp £8912 73207 24.34 124.2€ 47918
271060 23.94 123.3E Lanp 10622 53368 24.8NM 125,38 47927
271100 24,14 123.2E LAND 108312 73312 23.3H 124,26 47918
271100 24 1IN 123.1€ LAND 12832 53216 24.8N 125.38 47927
271162 24.1H 123.0E LAND Srr77 73113 24.04 121.6E 26693
271200 24 2N 122.8E LAND 21932 53019 24.8M 125.3c 47827
271280 24 3N 122.9€ LAND as/72 73214 24,34 124,26 47918
271300 24.38 122.SE LAND 21832 52816 24,64 125.3 47927
271400 24.44 122.5E LAND 4a5//3 ;3018 24.38 124,28 47318
271400 24,54 122.4E LAND 55-/3 73816 4038 124,28 42918
271568 24.6N 122.0€ LAND 503 73016 24,38 124,26 47918
271500 24.54 122.8€ LAND Tss73 52919 24,34 124.26 47918
71600 24.5M 121.8F LAND SS/3 72814 24,36 124,28 47918
271700 24.54 121.5E LAND 6572 72718 24,31 124,28 47918
271868 24.5N 121.3E LAND 6S/72 72612 24.38 124,28 47318

HOTICE -~ THE ASTERISKS (») INDICATE FIXES UNREPRESENTATIVE AND NOT USED FOR BEST YRACK PURPOSES.
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TROPICAL DEPRESSION 16
BEST TRACK DATA
BEST TRACK UARHING 24 HOUR FORLCASY 438 HOUR FO 'R CAST 22 HEUR -~ORECAST
ERFOPS ERRORG LPORS
MO-/DAMR  POSIT Wiy 0517 WIND  DST WIKD POSIT HING  DST WIND POSIT WUIHD  LSY UIND POSIT Uil DST WMIND
0561132 4.9 159.8 1S 8.0 0.8 0. -B. 9. 8.8 8.¢ 8. ~0. 0. 8.0 8.0 0, -0. 0. 8.5 @.2 9 -0, 9.
0382082 5.5 156.1 1S .9 €.0 0. -9, 3. 0.8 0.6 0. -A. 9. 8.0 0.9 8. -0. 0. ©.e 9.0 =0, .
8902667 6.2 1408 15 0.0 0.9 9., -0. [} 8.0 (18} 8. =B. 0. 0.6 0.0 0, =h. 0 0.0 0.0 2. 0. 0. N
8902122 6.9 149,17 15 9.8 v.0 8. -0. 8. 9.6 0.0 0. -~-0. e, 0.6 0.0 0. -0, 0. 0.6 0.0 I, -0, 0.
2982102 7.5 18.5 2& 2,2 0.0 B -0, 8. 8.0 9.0 8. -b, 0. 0.0 0.9 6. -0, 0. G0 w0 2 =0, a,
B ELED 74 ¢.8 148,90 20 8.8 0.0 90, -8. 2. 8.0 0.0 ©. -8. 0. 8. 9.8 0, -0. 0. .0 ¢.0 5. -0, ]
2363067 7.9 t47.% 2 e.0 8.0 e. =8. a. 9.0 8.0 0., =0. 8. 8.0 wv.0 B, =u, 0. 0.8 g8 . -0, 2.
0963122 8.2 147.2 28 8.8 0.0 9. -0. 0. 0.6 0.0 8. =-0. a. 8.0 0.9 0, -0. 3] [; Y a.0 -0l '
0582182 8.4 147.1 20 0.0 0.0 0. -O. 8. 0.0 8.9 0. -4, 0. 2.3 6.9 0. -0, . 0.0 a0 9. -0, O,
£9paasz 8.9 146.9 25 9.€ 0.4 9. -8. B. 0.8 0.0 8., =-8. a. 8.6 0.0 &. -0. 0. 0.8 6.0 . =0. [tH .
6984862 9.4 145.5% 25 9.2 146.9 235. 2. 8. 10.4 1447 SO. 241, 3S. 0.0 6.0 B, -y, 0. U.6 wv.0 v =G, 5.
0904122 9.6 145.% 25 9.5 145.2 38. 4z, S. 9.0 0.8 6. -0, 0. 6.0 0.8 Q. ~0. Q. c.0 .0 L 0. 3.
8584182 10.3 144.0 25 19.0 145.5 30. 99. 5. 9.2 .0 0. -B. o. 9.0 8.0 2, -~0. 0. 0.6 6.9 J. -0. '™
0205902 11.6 142.6 20 18.7 1.3.2 38, 64. 18, 0.9 6.0 a. -e. 0. 0.0 0.0 9., =9, f. 6.9 2.4 ). 0. 3.
8985862 13.6 142.2 15 1.2 141.,9 4B, 144. IS, 9.8 0.0 0. -6. 8. 9.8 .. 6. «0. 0. 0.0 8.0 3 -0. 0.
ALL FORECASTS TYPHOORS tHILE VER 35 KI5
URHG 24-HR  J5-KR 72-HR LRHG 24-HR  d3-HR Z2-HP
FvG FORECAST POSIT ERROR 7Ta. 241, 9, e, 6. 0. a, 0.
AVG RIGHT ANCLE ERROR 20. 28. e. 0. 8. 8. a. B.
AVG INTEMSITY $RGHITUDE ERROR T. 35. Q. 9. v. Q. a. Q.
AVG INTENS1TY BIRS z. 35. °. 0. o. 9. 8. 8.
HUrBER OF FORECASTS ) 1 4] 0 [:3 [+] [+
DISTANRCE TRAVELED BY STORN IS 776. N
AVERAGE SPEED OF STORM iS 9. KHOTS
TROP1CAL DEPRESSIOH TD-16
FI1X POSITIONS FOR CYCLONE NO. 16
SATELLITE FIXES
FIX TiE FIX
NO. &) POSITICN RCCRY DVORRK £ODE SATELLITE CRTENTS SITE
T A12139  5.34 1SB.3E PCH S T0.5/8.5 ROARG INIT 085 PGTY
2 020380 S5.BN 149.6€ PCN O OTHER PGTU
3 821818 6.4M 149.4C PCH S ROARG PGTU
4 a2e25 7.84 148.5€ FCN S DsP3? PGTW
S 822216 7.94 148.5E PCH 6 T1.5/1.5 ,D1.0724HRS HDARRS PGTU
6 030000 7.9% 147.5€ PLK O OTHER POTY
7 830604 B.8N 147.0¢ PCN S TIROSN PCTU
€ 0637356 B8.6N 147.3E PCN S NOARG PGTY
9 932235 8.8N 148.8F PCH S T2.6-/2.8 /DB.S/248RS HORAG UL 10.24 145.BE PGTU
18 849309 9,5 147.3E tH O OTHER PGTU
i1 848908 9.6N 145.6E PCN O DTHER PGTY
12 849534 9.5N 146,58 PCN S HORARS (X2}
13 0412068 9.6M 146.1E PCH O OTHER PGIU
. 14 BAIB37? 10.34 14438 PLN 6 TIRGSH PCTY
. 15 941637 18.2N 144.6F PCH 6 TIROSH RPIK
t 16 842188 10.34 143.6F PCN O OTHER PGTU
1 i 17 842213 19.2M 143,66 PCH S T2.5/2.5 /DB,.5/24HRS HORAG PoTU
f H 18 BS0911 12.24 142.6€ PCN S HOAAG PaTU
i 19 051680 14.2H 142.7€ PCN O OTHER PGTR
. i
= ’ . AIRCRAFT FIXES
= M 3
=Y B N -
‘\' Fix TiIC Fix FLY 7088 085S IMX-SFC-UND MRX-FLT-LVL-WND RACLCRY EYE €YE ORIEN- EYE TE?P (D) MmN
,!.. . NO. () POSITION L HGT ISP VEL/BRG/RNG DIRAEL/BRG/RNG NAVAET SHAPE DIAM/TATION OUT/ IN/ DP/SST MNO.
!
i
i 1 043155 ©.94 146.8€ 1S8OFT 1882 25030 38 330 25360 S8 5 18 22 ¥22 *22 29 3
2 BJ3I1d51 10.8H 144.7€ 7eere 3122 1819 85e 17638 B8O SIS +18 +10 +10 4
§§ 3 056844 12,IM 142.5E 730'E 3680 1881 25 350 135 042 18338135 S S +12 +18 S
E: .
3t
': NOTICE -~ THE ASTERISKS (#) INDICAYE FIXES UNREPRESEHTATIVE AND MOT USED FOR BEST TRACK PURPOSES.
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TYPHOON ORCHID
BEST TRACK DATA
BEST TRACK LARNING 24 HOUR FORECAST a8 BOUR FORCCAST 72 HOUR FOFECAST
ERPORS €RRORS LPFGRS
HMO/DA/HR POSIT  CIND  POSIT  WIND DST wIND  POSIT  WIND DST UIND  POSIY  UIND DT UIND  POSIT  UIND DST UIND
906082 14.7 $45.2 25 €.0 0.6 B. -3. U. .6 e8 o, -8. €. 0.0 6.0 B -h. 0. 8.8 B.8 8. -0. O.
6906062 15.2 145.1 36 9.6 9.6 9. -6. 0. 9.0 0.8 9. -Z. 6. 6.0 0.0 0. -y. €. 0.8 0.0 0. -8, O
0906122 16.1 144.8 35 0.6 0.0 9. -8. 0. 68 2@ 0. -0. T £.6 0.6 0. -0. 6, H.H €. 0. -8, O,
. 906182 17.1 143.9 4 6.0 8.6 ©. -8, ©. 0.0 88 3. -0. 0. 2@ G.¢ €. -A. 6. ©v.8 WO O, -0. 8.
0987607 13.0 142.8 45 18.8 142.8 <. 8. -5, 21.2 136.5 65. CGv. S. 23.8 .3%.3 75. 7. 10. 26.9 135.7 B9. 172, 3.
8367862 18.7 141.9 S8 19.4 122.8 45. 42, -5, 23.2 138.1 70. 147, 1@. ~.8 126.< %0. 266. 10. 29.3 135.§ 75. 279. -5,
3 07127 19.3 140.8 S5 19.8 140.7 S5. 38. 0. 23.5 136.7 80. 114, 20. 6.7 i34 % 5. 24T, 1. 29.6 134.0 75. 231. -5.
i 9907187 19.7 139.7 SS 15.4 138.6 55. 64. 0. 22.3 1345 RO, 56. 20. 25.9 132.8 GI. Y. 10, 28.8 i3%.0 75. 174, -10.
i 8988002 28.2 138.6 60 19.9 137.0 S5. 92. =-5. 22.7 §132.7 75. 94. 10. 26.3 i31.3 65. 7y, 0. 29.6 132,0 75. 122. v,
H 0908052 2¢.8 137.5 60 20.7 137.5 60. 6, ©. 2£3.0 134.2 78. G7. ©. 26.1 132.2 B0, 119, 3. 27 132.5 75. 308. 20.
- 0908122 21.6 136.5 50 21.2 136.6 60 25, B. 23.8 133.5 80. 80. 5. 6.2 132.b OS. 112, S. 29.5 13..7 7%, 478 35,
0998162 22.2 135.5 6@ 22.9135.3 60. 16, @, I5.5 132.5 B85, 50. 10. 20.8 132.9 09. 1’0, -%. 32.113/.4 /T S, 30,
099990C 22.8 134.4 65 22.9 i34.6 ¢@. 1I. -S. 2.2 132.7 86. 07. 5. 29.7 i32.7 05. 13. 26, 8.0 0.0 8. - O,
0905062 23.5 133.1 70 23.4 :33.6 65. 28. -5. 26.7 131.2 5. &7. -5. 39,9 132.c iC, 205. 15. 8.6 0.0 8. -0. T
0909120 23.2 132.2 75 24.2132.9 65. 71. ~10. 20.6 129.9 ?S. 71. -5. 32,5 132.0 0. 287. 36. 8.2 6.0 6. 6. G
8989162 25.5 131.4 75 24.9 131.5 7. 3G. ~5. 29.2 129.7 7S. 76. -10. 34.7 131.8 55. 330. 25. 8.8 O.v 8. -0. O.
6210082 25.8 131.3 7S 25.4 120.8 7@. 74. -5. 20.7 127.% L. i6S. 1. 8.8 ©.8 0. -0. ©. 8.8 0.0 0. -8. O.
] 091806 27.5 i30.6 ©8 27.2 131.2 7S. 37, -G, 4.2 132.6 65. S0. 10, 6.8 8.0 6. -¢. 0. 6.8 0.0 8. -0. O.
i 0910122 27.8 130.9 €9 28.C i®.7 75. 6i. =-5. 35.C 133.8 50. 112. 1. 0.0 0.0 6. -0. 6. €0 0.0 B. -6, €,
i 0919182 33.< 130.2 85 20.8 139.5 ©0. 28. -5. 37 6 136.2 59. 198. 20. 0.8 @.0 v. -0. €. ©v.8 .0 0. -e. 6.
i 0911602 31.4 130.9 65 31.2 138.3 €. 33. -5, 8.0 ©.& B. -8. O, C.3 e.0 6. -9 0. 8.¢ O.uU 0. -0. O.
H 8911062 4.3 131.6 S5 34,2 131.6 S8. 6. -5. 0.8 8.0 ©. -n. 6. 0.0 8.3 0. -0. ©. @8 6.6 A, -C. 8.
H 0913122 37.3 132.4 40 37.3 132.7 45. 14. 5. e 6.8 0. -e. . 6.8 8.8 @ -0. €. e.8 0.0 . -0, 0.
i e911ez 2.0 133.6 3@ 6.0 0.0 9. -0. O, 6.6 8.8 V. -B. €. ©5 0.0 8. -¢. ©0. 8.8 6.0 ©. -8, O.
i
i ALL FORECASTS TYPHOONS WHILE OVEP 35 YTS
H WRNG  24-HR  95-HR  72-HR WRHG  24-HR 43-HR 72-HR
AVG FORECAST POSIT ERROR 36. 95. 175, 28a. 36. 6. 161. ISl.
AVG RIGHT ANGLE ERROR 22. 62, 98, 179. 22,  55. 183. 159,
. . AV INTENSITY IMCHITUDE ERROR 4. 16. 13, 16. a. 9. 1. 13.
AVG INTENSITY BIAS -3. r. 12. 1. 9. 6. 18. 7.
i NUMEER OF FORECASYS 19 i€ 12 8 19 15 11 7
DISTANCE TRAVELED BY STORM IS 2@d2. MM
F AVERAGE SPEED OF STORM IS 1S, KHOTS
. TYPHION GRCHID
! A FIX POSITIGHS FOR CYCLONE HO. 17
: :
. SATELLITE FIXES
FIX TIE 413
NO. (2) POSITION ACCRY  DVORAK CODE SATELLITE COITENTS SITE
1 052151 14.68 145,26 PCH S NORAG POTU
2 060328 14.5M 135.1€ PN O OTHER PETY
. 3 e6852% 14.5M 145,26 PIH 5 TI.5/1.5 TIROSH  INIT 08S PETU
' : 4 800388 17.4M 145.8¢  PCH O OTHER PGTU
B S 861838 15.74 143,78 SN S NIARE PGTU
. 6 861200 16.8M 144,6E PCn O OTHER PGTU
. 7 262128 17.6M 143, PCH S T2.5/2.5 /D1.D-24HRS NOARG PGTU
' 8 8706380 19.1N 142.7€ P(N O OTHER PCTY
9 07098 19.4M 141.5€ PLH O OTHE2 PGTY
16 871088 19.7H 141.3E PCN 5 HOARE PGTU
. 11 @7128¢ I19.7H 141.8€ °CN O OTHER PGTY
P 12 0716588 208.3N 139.6E PCH O oTHER PGTU
= N 13 871882 19.84 138.4E PN 6 TIRQSN FGlU
= ! 14 872:B¢ 17.8N 130,26 PN O CTHER PGTU
> { 1S 872247 19.94 137.9E M5 T3.5/3.5 /Di.0/25HRS KJAAG PGTU
= 16 080388 20.1N 137.2€ PIN O OTHER PLTY
= i 17 e30648 20.9M 137.3F PCH S TIPOSH PGTU
= 19 680648 21.24 136.9€ PCM S T4.874.0 TIPS INIT CBS PRI
= N 19 900988 21.44 I36.8€ PLN O OTHER PGTY
= . 20 898945 21.7F 136.8E  PLH S 1DRRG PGTL
5 M 21 981288 21.8% 136,4E PCN O OTHER PLIU
= o] 22 091688 22.€N 125.2€ PN O OTHER PGTU
! 23 #8218 22.6M i35.86E PCN O OTHER PETU
= i 24 BB2225 22.6M 134.7€  PCN 5 T4.9/6.0 /DO.5/24HPS 1DARS PLTY
= 25 032228 22.2M 134.7E PCN 6 T4.044.7 HOPSE 11T 08S RODM
= 26 133,9€ P O OTHER PGTU
= 1 27 132.7€  PCH S T3.8/4.8 /U825 TIRGSN RPIK
= i3 %8 1328 PIN S TIRGSH PLTY
= b 23 i32.3E PCN O ongR FLTU
= > 38 132,86 PN S HORRG PGTU
= 3 31 1321 PCH O OTHER PGTU
= hy 32 132,85 PCN O OTHER PGTU
= \4, 33 130.3E PN 6 DHGPI7 °GTU
= - 34 136.6E PCH S ¥4,8-3.0 /S0.0724HRS NOARE PGIV
= s 35 130.5€ PN O oTHER PaTUY
= 36 130.6€  PCN 1 T4.8-4.0 TIROSN  INJT 0BS exso
= N 37 130.7€ PN 3 TIPOSH PGTU
38 128,48 PCN O OTHER POTU
39 H 136.3F PLH O OTHER PCTY
= 48 129.88 PN O OTHER PGTU
= 4 - 41 i30.7€ PN 3 T4.8-4.8-/58.0/24HRS HOARS PGTU
= 3 @ 130.4€ PLH S T3.8/3.8 N3606  INIT 0BS RPIK
= 2 43 133.7E PN 3 13.8/4.6 ~UI.B/24HRS TIRAG3M RKSO
= ‘é 44 3176 PCN S TIROSH POTU
= '5
K
-
f
&
L.
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Tie FixX FuY  7OMB 085 IRX-SFC-ND MAK-FLT-LVA-UWND  ACCPY EYE €YE OPIEN-
(8 POSITION M HOT  ISLP VEL/BRAARHG  DIPAAVEL-BRG/PHG HAVAET SHAPE CIRM/TRTEON
20005 18,90 1S2.T7E 1S69FT 99z 35060 <Y 160 <5 Q38 28 3 )
er1380 18.94 139.38  /BRIL 163 35020 20 8 §
BR054T  20.64 TeMB 2 33 20 20 71 9% 319
83:335 21.eN 7oMA 21 I1 s %9 S S
081452 21.94 TeMD 2@ 31148 98 5 S
232225 23.04 29019 35 130 219 229 37 143 140 S5 5
Q31210 J3.IH feNY 162 65070 75 2 2
BSOS 21.3M rege 228 67210138 2 S
£31938 5.2 TO0LD 838 S5 368 S 118 2
aI2139 23,9 o018 o0 060 45 €83 SS W0 48 S 19
W 25,24 7o 80 Y34 9¢ 226 76 143 105 S 10
183253 L7 ToND 70866 5 742 43 243 103 S 1@
121618 29,5 , 7Cole 1€y 25 85D 190 2 2
PO FI-ES
THE FI< £vE PATOB-TONE
<2y POSITION RAMRR  ALLRY BIAN  ALWRX TDOFF
IBOT00  26.40 1314 LD
Spig 272 LAND
LAND
281N LD
WIeY 27.IN 132,38 LA
811G DIU3M 13868 Land
121200 27.un "0t LGN
121208 27.84 138.wx seaid s83z7
105400 28.8N 13:1.3E Leid 53632
IBIT80 29.2n 130.00 Lany 53232
1IDIE0R  27.6N 139.5E LaNd $3427
0ol 29.7N 130.3E  LAND 5o/
3 e 130,38 LRND 7 53432
38.3n I3AZE LAND 5
30.54 138.2° Lond §3%27
S$8.6N 32,1 M 53313
191900 30.5M 138.0f LR 5381
132000 30.7M 130.1E LAND D08
IB2000 Cy.TH 138.1E tAND & -s
122100 33.8n 132.7E LAND 48388
192100 320.6M 138.7E LAND S2300
192200 30.8M 13@.3t Lwid 508
192200 30.CH 138.<E LAND 59316
12303 31.IN 138.7E  Lamd il
102380 21.28 3.8 Lol 50332
118000 21.6h 138,38 LeMd 53627
118188 X1.7H II.EE Lend 3419
118188 31.84 132.3E LAND 53616
110208 32.31 121.8E 1emd S0 s
119209 32.10 32,1 Land 50122
118290 32.5h 131.20 Laid szt
12328 I2.7K 15:i.2F  pLand 56227
119388 32.7n 131,10 LAMD 53632
110380 32.64 131.1E LD P
118420 33.2n 131.2E Ll 53527
118300 33,64 131 i€ LeNU S$36459
ticewe 3.04 LARD 583243
1HESNe LM Leth SIe2
118580 s3.6u 131.3E LpND 50312
110629 34,0 1Z1.6E LAND 25 s
110708 35.0m 1313 LAND >43%
119780 35.04 53522
1T 3d.En a5
ito3cn 35.6% 3Re24
1189e0  35.6n TR0
111099 35.@ a8
e 5. S3432
111800 35,.4n 53632
1111080 35.81 22035
1HI2M 37.3n B39l
5120 3TN 59338

NOTICE - THE ASTERISHS (e} INDICATE 7IVES UNFEFPESENTATIVE mND NOT USED FOP BEST TPAC™ PURPOSES.
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Guls I8/ DP/SST D,

34 426 #2627 1

+12 +16 tt 2

+1d +]d 433 3

4

+15 +I6 *12 “

417 +13 o1y s

&

+11 +16 +16 5

7

436 #17 412 7

8

15 8

+12 ¢i7 17 3

PRISP SITE
o0SITION a0 N,
28.Ki 129.5 47909
26.-21 129.5€ 37539
20. % 129.5€ 47D

288 129,50 4799
2B 129.50 S7sa3
25,4 129,5E 473®
28,41 129.5E 47303
28,3 129,58 &7I3
EC 2909
2e.&t 47909
8.3 47903
38.61 S7369
28.& 4733
In.6Y 47863
24,20 ATO5D
8. 47933
3.6 478563
28,8 37389
3. 47806
33,2 B H: s
3064 30550
33 47805
38.4n ATCRS
I3.E argss
3.6 47369
3. 47359
3.+ 47805
39.éu 37363
3530 7705
23 47026
35.6H arLes
33,34 132,63 37792
33.2¢ 13028 4760
33.34 13408 aTeas
3434 132,68 37792
33. 13020 TROS
33.3m 134,28 478
34.30 132,68 47082
I3, 13028 STEAS
35.50 133.4€ 4&rras
35.54 133.1E 12971
34,3 132,66 47792
33.. 130,28 S7EDS
35.54 133.1E &7T9"
3134 132.6C &7 2
35.54 133.1€E 47 31
34,38 132.6E &7 92
32,40 13728 4.394
35.5H §31.1E 4279
35.54 133,18 a7791
35.54 173,16 791
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TYPHOON RUTH
BEST TRACK DATA

7Z P FOPECAST

CEST IRACH LREHING 22 HOUR FORLCAST <3 M0UT FOPECAST
EFFOPS LEPORS LUPOPS
MOAMe POSIT  uiub POSIY UINS BST uind  POSIT SO LT WIND  POSIT UMD IoE UIND FOSIT uInD
0213202 1.0 113.¢ 6 0.0 0.6 6. -0, [ 0,0 6.8 8. -8, 6. 0.1 0.8 L. -1 W 7 N S
0913267 18.6 113.8 32 18.8 113.8 3. 2. 0. 19.2 12,7 . 2u. =10. 1%.5 I1i1.1 45, 124, Q. 21.4 103 T S0,
0213122 18.3 1137 30 18.2 113.6 3B, £, 9. 2.3 1120 & 126. 6. 7.1 1i0.0 5@, 202, -10, A0 ©.8  #,
091182 18,1 113.2 35 18.0 113.0 38. 23, -5, 7.6 1.3 a5, 124, €. 7.7 109.5 4. 202, =13,  G.f 8.0 o,
133.¢ <2 18,3 113.6 32, 35, -19. .l M2.5 S8, 175, 15, 18.€ 118.3 55. D49 . a8 g
112.5 <2 18.4 113,333, S, G. 1901 112.2 S0. 212. S, 7.8 lit.u SS. 233, 2%, O.8 0.8 6.
1118 42 19,3 112.3 3. 29, B, 20,6 1Bv.7 3. 114, -38. 8.0 ©.3 ©. -0. ©. 8.0 g.¢ .
HB.8 45 20.2 11607 . 36, -5, 21,5 186.C 28, 10%. -3%. 0.6 0.0 0. <0. €. B.0 g8 o
71833 35 9.6 1088 35, 8. @, 199 1865 S50 53, -16. A8 8.3 @. -9, U. A8 pE 3.
3.3 4% 19.8 1BR.D 35, @, @, 20.3185.0 B, 4. -30. 6.0 0.8 8. -8, ¢. 0.0 9.8 w,
107.8 62 19.9 187.9 S50. 6. -10. 8.6 6.0 €. -0. ¢, 9.8 €47 @, -0. 0., 0.8 9.9 9,
1037 65 28,2 185.2 V. . -5, 8.0 u.& 8. 0. 0. 0.8 0.8 O, 6. W 0.0 .3 I
1325 55 19.4105.5 5. 12, 0. 0.4 0.0 B, -0. 0. €68 0.2 O, -0, 0. 0.0 .8 0.
igd.4 30 19.1 1045 32. 8. 8. 0.6 0.0 ©. 0. U. O B8 U. -p. €. 0.0 0.0 ¢.
ALY FORECASTS TYPHOCHS WHILE OVER 35 K15
WPNG  24-e 38-WR T2 WPHG  J4-HR S3-MR 72
AVL FOPECAST POSIT LPRGR 2. 113, 231, 34 24, e, 136, 8,
avG FIGHT AHGLE EFPOP 1. €2, 1. 131 13, S2. 1er. 0.
AVG IHIZHSITY PRSHITUDE LRAOR 3. [ 10, 2. 5. 14, &, e.
AVG INTENSITY B1RS =3, -1, a. 20, e. -3, -6, d.
RUPEP OF FLOECASTS 12 9 s H H -] 4 ]
DISTAMCE TPAVELEDL By ST08H IS &08. ret
AVERAGE SPEED OF ST0PM IS 8. KNDTS
TYPHOGN FUTH
FIX PCSITIONS FOR CYCLONE M. 18
SATELLITE FINES
Fix TirE Fix
MG, Iy POSITION ACCRY VR COLE SalELLitE COIPENTS SITE
1 122180 6.8 11366 PN O OTHER PSTI
2 130380 i5.7m 11X.SE  PINC OTHER PeTU
3 13068 1E.7n I13.BE PN O T2.2-2.8 oTeED th, PLTY
4 130933 8.4 HI3VE PING (224 PGTU
S 6 PN S HORAS POTU
[ PN S MRS RODN
H PN C OTuER PeTY
¢ LN € TIROSH (23
9 FCN S TIROSK POt
2 PN 3 T3.8-3.2 HORE iNIT 085 (3]
1 [ omER po
z PIN 5 T3.8-3.8 TIPOSH  INIT GBS L
PEN © oTiER PoTY
ey 3 oneER oY
PLH O TR PGTY
PN S 11905 PTY
19,76 IBSE PCN S TIPSSH RODH
I8N AL AIN §  TI.0-3.0-DI.J 18RS MRS RFTY.
19,64 180,38 PCu C oTER PoTY
19.34 189.5€ RIN O cher PoTY
1S.7N 18788 PON 3 NoRRE  RRLLED E£YE Fol
3.4 @70 eON £ GTHER KR
IS.SH 106,28 PINF oTER G
24 150952 19.2% 95.6F  PIN 3 HOSOE D DVORAR eree.
I% I6RE52 15.58 185.3F PN 3 T4,5-4.5- NORaS N7 088 RO
PADGY FLAES
FiX TiE (31 (313 EYE  PadiB-C00E SRR
8, O POSITION  PADAR Aff o3 DIRN  aSuR TDNFF COMENTS POLITION
1132632 IB.EN 11256 LAND It A 22.3% 134,27
SYNIPTIZ FIMES
Fix TUE £ix INTENSITY EamisT
NG, (D) POSITION ESTIRTE D3RI wep TRTENTS
e 1 /e2se B 193,10 L] 52
e 2 10008 17.8% 98.5E 18 <2

MOTICE - Trf WSTERISKS (o) INDITuID FLXES UNRIPRESENTATIVE O MOT USED FOR BEST TOACK PLRPOSES.
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U3T U
-J. 0.
3 K R
3. 2.
0. 0.
=0. o,
-6. 9.
6. 6.
0. 0.
8. 6.
-8, E,
-0. @.
“v. O©.
. 0.
=9, 0.
S1TE
un N,
<5005

N EReT]
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TYPHOON PERCY
BEST TRACK DATA

BEST TRACK URRKRING 24 HOUR FORECARST 43 HOUR FORETAST
ERRORS ERROPS LRRORS
HO/DA/MR  POSIT  UIND  POSIT  UIND DST UIND  POSIT  UIND DST WIND  POSIT  UIND DST UIND
8913122 16.4131.5 39 0.6 8.0 @, -8. ©. e.c 8.0 ©. -8. C. €.C 0.0 . =0, . 8
0913182 12.1131.3 35 %0 8.6 6. -8. 8. e.» 8.8 6. -6, ©. 2.0 e.0 6. -0. 8. @
e)14882 172.7 131.S 4 €0 2.3 9. -0. €. ©.6 ©.6 6. -0. 6. ‘. 0.0 o, -B. €. 3
314862 18.7 131.3 40 18.5 131.6 4S5, 21. S. 2.7 131.0 6S. 299. 5. 24.9129.6 7S.39%7. S. 23
0914122 18.7 138.0 45 19.2 131.3 4S. 79. @, 22.2 138.7 oS. 302, 15. 25.4128.1 5. 373, 6. 2¢
2314167 19.8 128.8 <5 18.7 128.8 45. 6. €. 19.5 124.! 68. 156. 5. 21.7 121.6 65. 219, -28. 26
0915282 15.3 128.1 45 15.8 127.9 SB8. 21. S. 206 122.8 65. 234, 0. 25.4 119.2 79. 347, -25. 38
0919660 19,2 127.2 SO 19,5 126.8 S8. 29. 8. 21.4 122.2 S55. 256. -15. 24.3 119.% 6L. 337, -45. B
8915122 18.8 126.7 S0 19.9 126.2 50, 7Ti. @. 21.6 122.8 65. 214, -18. 24.5 119.9 4d. 2687, -85. 27
0915182 18.4 126.6 S5 18.7 126.1 SS. J4. @, 19.5 123.1 70. 120. -15. 22.8 120.3 8. 113. -50. 26
9316662 12.8 126.% €5 18.7 126.2 S5. 10, -1@, 19.3 123.1 7e. 49, -25. 22.6 120.3 TO. 6. -45. 26
0916862 19.1 126,01 78 19.2 1258 7@, 9. ®. 20,3 1227 @5. 102, -2%. 23.2 119.5 e8. L, 38. 27
0916122 19.5 125.9 75 9.4 i25.7 ?5. 13. @. 20.9 123.1 98. 12. -35. 24.0 128.4 45. 126, -25. 27
0316182 20.9 125.1 85 15.7 125.6 2. 33. -5. 21.6 123.8 108. 91, -28. 24.3 121.4 63. 205, 5. @
8917807 19.9 124.7 95 20.2 123.9 80. 21. -15. 22.8 122.2 108. 62. -15. 25.8 128.6 S5. J2. 28, O
0317062 29,6 124.1 110 20.5 121.2 188, 2. -18. 23,0 122.! 115. 1S2. 5. 26.8 121.1 120. 3. %6. 8
8917122 8.7 123.1 125 21.1 123.6 110. 37. =15, 2.8 121.7 114, 165. <B. 26,2 i21.2 60. 335. 48, @
012382 21.3 122.2 120 21.2 122.2 120, 13. 8. 23.2 128.8 re. 132. 15. e.86 e.e O. -B. ©. @8
2918302 2:1.9 121.1 1S 21.8 121.3 125, 11, 18, 26.1 119.1 60. 165. 25. ©.8 8.8 €. -B. €. @
e91806> 22.5 119.3 99 23.0 119.2 188, 37. 18. 27.6 119.3 6S5. 247. 35. 8.6 0.0 o©. C. & @8
0918122 22.8 118.5 2( 23.2 118.5 30. 24. 28. ©.6 e.2 ©. -6. 8. €.0 6.6 0. -9. 0. 8
0918182 23.3 117.8 S5 D23.5117.8 S5. 1>. 8. 0.0 0.0 0. -8. €. 0.8 0.0 0. b, O, B
0919687 24,2 11€.8 35 24,2 117.2 38, 22. 5. 6.8 B2 9. -6. 8. ©.8 0.6 B, -0. © @
0319265 22.9 115.8 30 6.2 8.8 0. -8. 8. 8.8 2.0 €. -8 ©. 0.8 e.0 @. -0. & e
0519327 2%.7 1149 28 ©.&6 . ©. -0. 6., 8.8 e.0 €. -8. ©. @0 &0 €. -0. & @
ALl FORECASTS TYPHOONS WHILE OVER 35 KIS
RMG  24MR  23-WR  T2-1P WEHG Z4-HP 38-MR PI-IR
&V FORECAST POSIT EPRCP 26. 164, 245, 383, 26, 1%8.  233. 326.
AVG RIGHT AHGLE EFROP . 113, 2. 231, 16. 165, 3. 3r.
M INTERSITY IRGMITUDE EPROP 6. 26, 35. 33, 6. 3. > 39.
A/ 3TERSITY BIAS -1, f. =12, -3, 8. -i. -36.
HULEER L7 FORECASTS 20 17 13 9 26 16 2 T
DISTAICE TRAVELED EY STORM IS 1268. %1
AVEPRGE SPEED OF STORM IS 9. sxdTS
TYPHOON PEPCY
FIN PUSITIONS FOP CJTLONE MO, 19
SATELLITE FINES
Fix £~
"3, SHSITIoN a£Ley  pvPAar CODE SATELLITE COITENTS SITE
1151260 160 13136 PIN 3 et
2 13 FLN 0 PoTY
3 P & poTU
s Py £ PETR
5 3 L 3 PuTL
& P{ S T73.0-3.0 INIT 085S Pivs
7 24 5 kil
8 ! PL S Futu
s 1 KH 3 135.9-3.0 IMIT 085 fula
e PEN S LTy
ot sy s W PSt EIE £ P
2t FLs T LI
13 NS LFS CVIST W3 MEFINITION Fr50
14 PLH D F,10
15 o 3 T4.0-3.0 /0102823 [
H3 Pl S PsE
B [ast PLiY
13 Pov ot 33 4]
12 L9 15.8-5.0 s 383 posat
28 oL £ PSS
o Fr i ] o
o PLa L 1]
22 =H L
23 BliE
s [T
% oD TS.0/5.0 oL1.0/2385
b PL E
28 PLu S
Fral FoH 1T 76.2.6.0 /0102895
30 PTG
31 FENE
32 Lt I
13 PINE
23 ] L s
5 L8 1 T6.8/6.0 INIT 085
38 [l
3 FLE 3 WO (M2 1CR 3V L]
37 reu T PL 1Y
3 22,84 Fin g Puiy
a2 22,54 118.5C FI S Ponu
a3 22.0h 118,38 L= o PLIe
az 23.84 138,20 PIn g L
a3 23.7u € o{rg PLTy
a3 23,44 PL5 3 73.C43.0 INIT 085 TV
=5 25,34 o g PaTe
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72 HOUR FORECAST
DST UIKD

-8.
-8.
~0.

3aa.
469,
28r.
534,

~0.

363,
181,
173,
188,
309,

=g
-0.
-0.

-8.
=3
-0.
-0.
0.
-0.
-3,
-6,
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148244
131207
141524
150352
151257
151435
160011
1£0733
16131€

1 1701

1120302
. 12171306

13171616

B NN R Gl R e

FIX Tit
(V4]

&

171102
171200
171320
171330
171588
171608
171702
1717ed
171628
18 171882

WU N L WA

- 1 17190

12 171900
- 13 1220

14 172200

15 172100

16 172100

7 172280
172262
13 172208
2@ 172300
2% 129060
22 150008
182100
23 160100
25 183203
35 1803cC
27 189400
3 189568

M
1™

@
g

&
g

b
12298441 XHPH

L)

Fix
POSITION

18,0 131.6E
18.7p 125.5¢
18.7H 129.35L
19.34 1274
18.718 10C.RE
18.2H 126.5E
18.7n 12€.aF
18.8n 126.2¢
19.89 125.9C
20.64 124.5F
28,34 1z24.5¢
28.60 123.8F
z21.eM 1220

FIX
POSITICN

29.7H 123.3f
20.7H 123.1E
26.84 §23.8¢
28.04 122.5¢
20.98 122.68
20.98 122.€E
209N 122,
21.68 122,45
Jt.er 122.3€
21.2N6 122,38
21.2N i22.2€E
21.3H 122.3E
21.3% 121.9€
21.5% 122.ef
21.5% 121.7€
21.5H 121.7¢
2168 J2i.48
21.7H 121.5€
21.8M 121,28
218N 121,

21.8% jZ8.8E
2194 1213
22.em 120.7E
22.e8 12i.ef
221N 122.5E
22,38 128.2E
2,38 115.%€
22,38 119.5C
22,91 1195
2z.&1 119.3F
2.4 113.3E
2.3 NIS.IE
22.44 113,88
2.5 118,98
22.6% 118.8E
22.78 118.6E
22.8* 118.5€
23.8n 118,38
23.1% 118,28
283+ 118,08
23.5M I17.8E
23.7n 1%
23.6M 117,

€y 46

FLT 708 98BS
wm HGY 5LP

RADAR AICRY

LAND
LAND
LAND
LD
Lanp
Lanp
LaND
LAND
LANHD
LAND
LAND
LAND
LAND
LaND
LAND
LAND
LAND
LAND
LAND
LaNp
LAND
LaND
(54
LaND
Lang
(]
LAND
LD
LoD
Lanp
LAND
LRND
LAYD
LRND
LaND
LAND
LAND
LRND
LAHD
LAND
LaHD
LRND
LAND

E
SHAE

RIRLRAFT FIXES

PRY-FLT-LVL-tHD  ALCPY

DIPAVEL/BPG/RNG HAVATETY

PRX-SFC-LHD
VEL/BPG/PHG
59 15¢ S 63 35 320
179 345 030
exa 42 280
4B 130 €@ ©30 39 333
133 S92 190
©s2 35 280
65 IS0 15 3 62 1Su
6% 338 20 €20 €9 339
333 55 260
80 182 T 275 2 17
12 310 & 123 73 109
2432 100 160
878 126 330
PRDAP FIXES
Ev: RALCB-CODE
DIRT  ASRR TDIFF

28745 3irar
28715 52908
28624 53183
18614 52708
16674 52807
26734 3105
&srrr 53186
28733 €3109
arrr) 83269
18713 53212
a1 53111
18533 53277
2773 $3218
16733 53215
18583 53816
18523 52616
18512 52918
183¢4 S3110
18423 S3016
33684 52914
18123 S3gta
5572 $3318
15777 33014
55774 52929
15777 53012
12232 53023
5763 52716
563 52719
25763 S6288
25-63 52718
2573 5278%
25743 S2705
2573 52704
5773 33185
2577 53113
25777 S3109
25777 S2I1Y
257,27 53118
28ss7 53112
25777 53114
25rer 53113
2838 S3i116
25777 53212

FARRECRT Y. W NPOPERT R YRT P8

(LR NN NNV NP R P

(313
SHAPE

Cletiar
CIRCIR AP
CIptuLar
Cirtinae
CIPlar
CirtwLse

COPENTS

EYE GRiEN-
DIRN/TATION

GREINN

NOTICE ~ THE ASTERISKS () INDICATE FIXES UNREPPESENTATIVE AND NOT USED FOR BEST TRACK PURPDSES.

EYE TEtP D3
CYTs I/ [Pr5EY

23,60
22.61

22.61
24.8M8
22.61

22,64
24,04

22.54

22.60
22.68

26

18

19

+16

+18
+25

.22

128,
128,

128.

.23

+ig
+2

+3
12
11

12
+12

3
3£

3

fi o)
13,

WONYNRPUL LW -
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TROPICAL STORM THELMA
BEST TRACK DATA

BEST TRACK WARNING 24 HUUR TORECASTY 48 HOUR FORECAST 72 KOUR FORECAST
ERRORS ERPORS ERRORS
MO/DAAR  POSIT Winp pLsIt UIND  DST WIND POSIT UIND  DST WIND PO3IY WIND DST WIND POST UIND  DST WIND
992588z 15.5 147,90 IC 9.0 @.86 8. +6. ¥. 68 6.8 O, -8. A B8 0.0 V. -0. 6. 0.0 6.8 0. 6. O.
0925962 15.6 146.8 1S 9.0 6.8 0. -, 8. 0.0 6.0 o. -b. 0. 8.6 9.8 Y. -0. o. 8.0 0.6 ©. -0. -]
0925122 1568 146.6 15 8.6 0.2 @2, -3, @. ¢MN 9.9 8. ~8. 0., 6.9 0.0 ©°, -p, e 0.9 8.8 0. -e. B8,
8525182 16.1 136.3 1S 9.8 2.8 0, ~8. a8 5.8 .8 8. -8. 9. 8.6 8.0 ©, -8. 9. .0 88 0. -8. 9.
8326002 16.3 146.1 28 0.8 9,8 O, -~8. 9, 8.0 8.8 9. -8. a, .2 9.0 8. -8. 0. 0.8 8.8 0. -8. 9.
8926062 16.7 145.6 25 9.0 9.7 6. B, 8. 9.6 9.0 6. -B. 6. 2.8 0.8 0. -0. 9. 8.2 8.6 0. -0, 0.
8926122 17.3 145.1 23 B.86 0 € V. ~B. 9. 8.0 88 0. -0. 9. 8.8 6.0 8 -9, 9 3.0 4.0 0. -0. 8.
6926182 17.8 144.7 25 17.2 143.6 38, 183. 3, 19.1 135.7 %8, 187. 15, 21.1 135,85 €5. 493  29. 22.B 130.0 75.1883. 28.
9927802 8.3 144.3 25 17.7 142.9 38. ©7 5. 19.2 148.3 50. 192. 15, 8.7 1325 65. 498. 15. 23.2 135.5 70, 0956. 25.
@92¢062 19.2 143.6 30 8.8 142.4 2a. 99 0. 19.1 148,2 50. 265. 1%, 206 9 137.5 65, 559. 18 23,8 138.6 70,1993, 2%,
8927122 22.0 143.0 38 24.5 143.3 39. 59, 8. 23.5 143.8 48. 49, e 06.6 140.5 60. 302 5. 28.3 135.7 606. 96%. 1S.
8927182 20.8 142.5 35 22.8 141.9 45. 124. 18. 27.6 13%.b 45. 286. 0. 20.9 139,7 63, 344, 16. 0.6 a0 0. -8. 8.
99,8892 21.7 142.2 35 21.8 142.8 35. 13, 26.0 142.8 30. 6I. =29, 3!.5 148.1 20. 49, =25. 8.6 ©0.2 a. -8, Q.
0926062 23.2 142.9 35 22.4 142.1 3S5. 48, 8. 26.1 145.5 30. 119, =25. 31.7 148.4 28. 266. -25. 0.0 9.0 ©. -8. 0.
8920122 24,5 142.4 49 24,4 142.8 33, 23. -18. 2B.7 44,9 39, 42, -25. 8.6 6.0 2. -0, B, 90 ©8.8 0. -8. B.
09928182 25.8 142.3 45 25.8 142.8 40, S. =5, 30.1 146.. 3B, 44, =25, 8.8 690 @a. -0, 0. 8.8 6.0 9. -8. 9.
0929802 26.8 143.5 30 {6.8 143.5 S8. 9. 6. 38. 147.9 S8 103, S. 8.0 u©v.9 ©. -0, . 0.8 8.0 uv. -0, g,
8923062 28.8 144,2 53 26.3 143.5 55. 18C. ©. 31.2 147.3 40. 325. -5. 0.8 9.8 8. -0. 0. 0.8 8.8 9. -80. O.
829122 22.4 144 9 55 28.0 144.2 SS. 91, g. ¢.6 8.9 0. -9. 9. 8.0 8.0 ©. -0. B. 6.6 8.0 0, -8. .
829162 30.7 146.8 55 30.8 1%0.0 S5. 205. 8. 9.6 0.6 e -9, 8. 0.8 8.8 0. -u. £ 9.0 ©.0 80, -0. 0.
8:30002 32.23 147.9 45 32,0 1.2 SS. 88. 10, 9.8 ©.p €. -B. 9. 8.2 @.¢6 e. -0. 8. 0.6 0.0 9. -8, G.
83,9862 35.2 151.7 45 33.9 i47.9 S0, 2. S5. e.e 0.9 O, -¢. €. @8e 6.0 ©. -9, #H 8.8 0.0 6. =8. 0.
8933122 37.3 155.8 45 37.8 155.5 45. 3. 0. 6.6 6.6 8. -8. €. 8.8 8.8 I 0. ©. 8.0 8.2 O, -5, 0.
RLL FORECASYS TYPHOONS WHILE OVER 35 ¥TS
HWRNG 24+HR  48-HR 72-HR LRHG 24+HR Au-riR 72-HR
AVG FORE™AST POSIT ERICR 81, 143, 358. 973. a. 8. (-9 6.
AVG RIGHT ANGLE ERROR 43, 83. 218, 57¢ . a, a. . 9.
RAVS INTENSITY MASNITUDE ERROR 3, aea 16. 3 a. 8. e. 8.
AVG INTEKRSITY BIAS 1 ~4, H 21. Q. [: 0. 0.
HUMBER OF FORECASTS 16 11 7 4 2] ° 9 9
DISTANCE TRAVLLED BY STORM 1S :0B8l. N1
AVERAGE SPEED OF STORM 1S 13. KNOTS
TROPICAL STORM THELMA
1M POSITIONS FOR CYCLONE NG. 21
SARTELLITE FIES

FiX Tite FIX
MO, (D) POSITION RCCRY DVORAX CODE SATELLITE COMMENTS SITE
* 1 272200 23.7M4 143.1€  MCN S T3.0/3.0 /D1.072aM HOARE PGTW

2 292249 15.7H 147.3C  PCH S5 10.5/8.5 HONAG InIT 0BS PETY

3 260008 15.6MN 143.7E PN D OTHER PATY
* 4 260988 16.SH 144.6E PCH O OTHER PGTY
4 5 261208 17.8H 144.8E PCH O OTHER PGTUY

6 262227 1B8.IH 144 SE PN & T2.0/7.8 /D1.5/24HRS RORAG PGTU

7 2703806 1T.7H 192 TE PCH O OTFER PGy

© 270632 19.3N 143 6 FCN S TIROSN PETU

8 270200 19.4M 144.37 PCH O OTHER POTY

18 270925 20.1N 134.2€ PCN S HOARG PG
A 11 271268 21.10 144.1E PLH O OTHER PGTY
* 12 271600 22.6M 143.26 PCH O OTHER FGTW
* 13 202188 23.4H 142,88 PCH O OTHER PGTY

14 200300 22.1H 142.7E PCH U OTHER ULCC 24,3 142.6 PGIY

15 Z30663 23.7H 14:.5€ PLH C CTHER PSH BSD OH EVPSD LLCC PGTY

16 20Je62t 23.4¥ 141 3E  PCu 3 TIROSH £GTW

17 230621 23 /M 14i.08 PCN 3 Y2.0.2.0 TIROSN INIT CBS RPIK

i 280308 23,21 tal SE PLH O OTHER ULECS AT 23,2 143.4 25.8 143.4 PGTY

19 281993 23,1 141.3€ P 6 HORRG ULCCS AT 23.1 143.3 25.8 143.¢ PGTU

28 281280 2.4.9N 143 6E  PCN D OTHER PGTV

21 201688 25.1K 143,26 PCn O OTHER "y

22 231906 26.6H 143.7F PLH 6 TIROSH 26T

23 231906 25.5M 143.6€E PCN 5 TIROSH RPMK

24 2821080 26,1P 143.3E PCH O OTHER °6Te

25 282143 26.5H 143 Sk PCH S T2.5/3 @ AN.S/244RS  NUARE PSBL LI CT 26.1 42, PGTW

26 294388 27.6h 143.0E PCN O OTHER PGTV

27 208600 2B.2H 143 1C PCH O GTHER PGTL

26 200609 23.2H 143.5€ PCH S TIROSH  P3BL LLEC 26.4 143 7 PGTY

20 299689 20.8H 144.9E  PCN S T13.0/5.0 TIRQSH  INIT 085 ROTH

30 298990 29,211 144 4E  PCH O oTER PLTW

It 221822 20.GM 144,06 PLL D HOARE e

32 291260 29 94 14LEE  FCN O OTHER 6T
* 33 21680 31.6h 145 1& PCH O OTHER PG

34 231554 IU.uM 146 o€ PLUH S YIROSH PGIY

3y 202106 J0.7N 147.6E PCN O UTHER OSRL LLWVL 31.9146.4 POTY

36 232301 31.GH 1480.3E  PCN 5 T1.0/2.S5 AUL.S/OSHRS  HOPAG P58L L CC ULLC 32.6 146.5 PGTY

37 30000 35,34 151 BE PLN O OTHER - Rt od PGYY

38 300900 25.88 153.86 PLN O OTHER nee POTY

AIRCRAFT FIXeS

fix Tae Fiv FLY 7028 OBS MAX=-SFC-LAD  tRX-FLY-LVL-WHD  ACCRY EYE EYE ORIEN- EYE TEIP (O Y
L2 RN 4] POSITION i KGY IGLP  VEL/BRG/RHG DIR/VEL/BRC/RHG MAVAET SHAPE DIAM/TATION DUT/ 1N/ Dr 7SST  RO.

1 271530 22.1H 132,3€  Te0rE 3014 933 176 33 160 136 410 +12 +11 3

2 20818 21.9H 141 SE 7oNtB 1087 25 420 170 1D 27 @20 150 4 3 4

3 30308 22 1M 142,26 T8 2u33 35 308 35 360 23 329 tle 4 4 +15 +14 #1212 4

4 231104 20,71 143018 70018 29¢1 345 44226 40 2§ 3

S 2WIJIS 25 20 153.4E  790t8 291 587 320 27240 48 2 & 415 v12 41D 5

6 230015 27.8n 143,1E  7aQrD 2964 a0 60 &0 310 23 3T 133 S 3 é

7 230258 26.5GM 145,0€  70(¥B 1931 982 55 060 42 030 IS 3O 118 S 4 +10 ¢ 14 +12 6

B8 231500 30.2M 144.4C  7QBrB 2925 296 S0 120 156 5 2 +13 +13 +13 ?

r, il




TYPHOON VERNON
BEST TRACK DATA

BEST TRACK WARNING 24 HOUR FORECAST 48 HOUP FOPECAST 72 HOUR FORECAST
ERRORS ERPORS LPPORS
MO/DA/HR  POSIT  WIND  POSIT  WIND DST WIND  POSIT  UWIND DST WIND  POSIT  WIND DST UIND  POSIT  VIND DST WiND
0927002 12.2 161.2 28 0.0 9.0 O, -8. ©. ©8.0 0.6 O, -8. 9. ©.0 v.® O. -6. 0. 8.6 0.8 0. -8, O,
8927062 12.2 160.4 25 0,0 6.6 0. -8. 6. 8.0 00 ©. -8, ©. 0.8 6.m 6. -0. ©. 0.6 08 0. -9, 8.
0927122 12,3 189.8 25 @.0 8.6 O, -9, €. 80 e.6 O, -8. 9, ©.6 86 9. -8, 9, 0.8 0.8 0. -8, O,
8927182 12,4 159.1 25 12.6 158.9 38. 17, 5. 14.8 154.7 45. B1. S, 16.0 158.0 S5. 283, -5. 18.8 144.4 65. 479, -iS.
8920002 12.6 158.4 25 13.8 157.8 306, 42. S. 14,6 152.9 50. 153 10, 17.8 148.1 65. 369. 6. 19.3 144,8 75. 427, -IS.
8928062 13.2 157.4 30 13,0 157.5 30. 13. 8. 14.0 154.0 50. 133. 5. 16.8 143.5 65. 308. =16. 18.8 145.5 75. 415, -28.
6928122 13.8 156.7 35 13.1 156.7 30. 42. -S. 14,5 153.1 50. 166. @. 16.5 148.5 65. 334, =10. 19.7 144.7 7?3, 422, =25,
0928182 14,5 156.86 40 14,4 155.8 40, 58, ©. 16.6 158.1 65. 2/8. 5. 19.6 145.9 75. 382, =-5. 24.1 143.0 85. 306. -20.
8929602 15.0 155.7 48 14.8 154.5 SB. 70. 10. 7.9 150.9 65, 285. 0. 22.2 148.8 80. 161, -18. 26.7 148.4 88, 24, -I5.
8929062 15.7 155.5 45 15.5 1S5.5 S5. 12, 10. 17.6 153.5 78. B87. =5, 21.@ 1S1.4 99. ISl. ~-5. 25.5 150.3 90, 144, =IS.
0929122 16.4 155.2 SO 16.4 155.3 68. 6. 10. 19.5 153.8 ?5. 49, @. 24.1 159.a2 8S. 90. -15 27.1 149,1 99. 2. -l0.
8929182 17.1 154.8 60 12.3 9 6S. 13, 5§ 20.6 152.7 75. 94. -%. 24.4 149,86 65. ?9. -20. 28.6 149.3 85. 5. -1S.
0970002 18.0 154,5 65 18.1 154.4 65. 8, @. 21.2 152.1 ?5 ?5. -15. 25.5 149.7 85. 76€. -28. 29.7 149,5 85 9u. -10.
9330062 19.0 153.9 75 19.0 154.1 ?5. 1i1. @, 22,3 151.3 8. ?4. -95, 26 5 *48.5 0. ?2,-18S. 31.1 1L0.) O. 136. -00,
0930122 20.0 153 1 ?5 20.2 153.5 ?5. 25. ©O. 23.8 151.6 98. 98. -16. 26.8 . ..8 108. 1S1. @. 31,5 153,3 9C. 276. 3.
8938182 22.1 152.2 6@ 21.1 152.2 88. 68. ©. 25.8 149.9 i18. 48. 5. 38.4 153,2 608. 225, -20. 33.5 161.2 55. 347. O,
1091602 22.4 151,72 96 22,3 152.3 €5. 34. =5. 26.8 151.3 118. 141, S, 31.7 155.3 5. 287. -20. 9.6 0.8 0. -8. 0.
= ‘801862 23.5 151.8 95 23.3 151,2 188, 16. 5. 26.9 150.5 110. 189, 5. 31.2 154.6 75, 199. =5. 0.6 €.0 6. -0. 6.
1801127 24.6 150.2 108 24.7 158.4 189. 12. ©. 29.6 :49.6 110, €9, 10, 34.2 156.% 75, 142, 15. 0.8 6.8 A. -0, 0.
101182 25.6 149.2 105 26.5 149.5 185. S6. ©. 33.7 152.8 90. 366 -1e. 35.2 165.3 68. 368, S, e.86 0.6 0. -8, 0.
1092082 26.4 148.7 165 27.3 148.5 118, S5. S. 32.2 158.4 99. 36. -5, 8.6 6.8 @, -C. B, 9.6 6.8 9. -0. O.
1982062 27.3 148 S 105 27.0 148.4 110, 19. 5. 32.0149.0 B85 138 S, 6.8 e.6 8. -6, 6. 0.6 0.8 ¢. -9, 8.
1042122 28.4 148.6 1086 28,7 148.6 116, 18. 18. 33.3 156.3 80, 266. 28, 0.0 B8 ©. -0. 6. 8.8 8.0 0. -g. 0.
1002187 29.8 148.9 108 29.7 148,7 185, 12. 5. 34.8 143.7 75. 371, 28. 0.6 0.8 €. -0. ©. 0.6 0.0 9. -9, O,
1093062 31,2 i149.7 95 31.: 143.7 188, 6. 5. 8.0 ©.0 0. -e. o, 6.6 6.6 6, -6, 6. 0.2 6.8 ©. -9, 0.
1863662 33.1 151.4 €6 32.8 151.3 98, 19. 18 H.2 6.6 O -8. 6. 0.0 0.0 €. -6, 8. 8.6 0.0 0. -8. O,
1083122 36.8 154.6 69 34.7 153.8 89, 37. € 8.8 0.0 ©. -8. ©, 0.9 0.0 6. -0. ©. 0.6 6.0 0. -0. O
1883182 39.1 159.3 S5 39.0 té8.8 S8, 33. -S. 6.6 0,0 ©. -8. 6. 9.0 e.9 O, -8. 6. 8,6 6.0 0. -9. O.
: ALL FORECASTS TYPHOONS tHILE OVER 35 KTS
URNE  24+HR dB-HR 72-HR WRNG  24-HR  40-HR 72-HR
R AVG FORECAST POSIT ERROR 30. 145, 216, 248. 31, 145, 216. 248.
i AVG RIGHT ANGLE ERROR 18. 77, 185, 203. 19. 77, 18%. 203,
AVG INTENSITY MAGHITUDE ERROR 5. 1. 16, 22. S. 1. 16, 22.
AVG INTEHSITY BIAS 4. -2, =14, =17 0. -2, -l4, =17,
NUMBER OF FORECPSTS 5 21 17 13 22 21 17 13
DISTANCE TRAVELED BY STORM 15 . N
AVERAGE SPEED OF STORM IS 13. KNOTS
TYPIOON VERHON
FIX POSITIONS FOR CYCLONE NO. 22
SATELLITE FIXES
FIXx TIE Fi¥
Ho, ) POSITICH RCCRY  DVORAK CODE SATELLITE COMTENTS SITE
i
3 I 252108 12.5W 165.8E PCH S T1,0/1.0 HOARE IMIT 085 LT
' 2 23000y 13.0M 164.9€ PCH U OTHER PGTY
' 3 260502 13.34 163.7E  PCH 3 TIROSH PGTY
4 261200 12.81 164.4f PCH O OTHER PGT
. 5 270300 12.44 160.SE PCH O T1.S/1.5 /DB.5/3BHRS OTHER LT
. 6 270700 12.2M 16B.4E ~CH O OTHER P5TW
i 7 20925 12.34 160.1€ PN S OTHER PG
1 8 271200 12.1H 1S9.8E PCH O OTHER FGTL
9 2Ti6ub  13.7H 159.3E  PCH O OTIER PTY
f B 27i958 12 &d 138.5€ PLH 6 DHSP37 pr
. 11 272100 12 8N 158.5€ PCH O OTHER ST
3 12 270000 12 BN iST.SE PCH ©  T2,5/2.5 /D1.B/2IMRS OTHEP 5]
! 3 280306 13.84 157.8E FCH O OTHER PG
' 14 240608 13.7H 157.5¢ PLH C OTUER PG
H 15 220906 13.48 1SH.8E  PCN O OTHER POTU
N 16 270303 13.3N 1S7 8€ PCH 6 HOARG PG
1 17 231200 13.34 1S7.6E  PCH O OTHER PG
! 18 20160C 131 156.6E  PCH O OTHER PGTL
H 19 201937 14.3H 185.8€ PCh 6 DIGP3IT PGTY
20 292143 14,7N 155.1€  PCN 5 13.6-3.0 /DD.S/2IHRS HOARG PGYY
21 290300 i3.34 154,66 PCN J OTHER  SECONDARY LLCC 15.3 i55.4 o6
i 7 22 290630 15.54 1S6.UE PN O OTHER PLIY
I 23 29084C 15.94 1SS.4E  PCH 6 10ANRG PaTM
A\ 24 200900 1G.14 155.5E PCH O GTHER PrTw
X, 25 291200 16.6M 155.26 PCH O OTHER PATY
3 26 20680 16.9M 155.1E  PCH O OTHEP PLTL
\$ 27 291712 17.3M 154,7E  PCH & TIPOSH PGTY
\ 78 202100 17.7N 1S4.4E PCN C OTHFR PLTY
L ] 25 29210 17 GN 154.7€  PON 3 13.5/3.5 /DB.5/24HRS HORRE PLTR
38 300818 19.7H 153 6 PCH 2 HONAE PTW
31 302100 21 SH 1S2.5€ PCHE OTHER PSTL
32 3072157 21.8M 152.6E PCH 1 T3.5/4.5 /D1,8/2dHRS NOANG PaTW
33 302239 22.84 152.06 PCH | HOARS PLTY
34 010937 23.%4 15,5 PCH 2 HORAS PLTU
35 018937 24.1h IS1.OE  PON 1 HORAS 200
36 011200 24.6H 1SB.3E  PINE OTHER PO
37 011600 25 1M 149,38 PCNE OTHER PLTY
38 §12014 25 9H 148.7€  PCH 2 BEP3T A
39 012100 25.84 149.1E PCNH E OTHER PITW
46 012216 26.1N §14).9€ PCH 1 T4.6/4.5 /D3.5/25HRS HOAAG PLTW
41 D209:15 27.9M 148.6E  PCN 1 KNGS PLTL A
42 920915 28.0N {48.5E PCH 1 HOARG PODY -
43 071200 23.4M 148.6E PCH E O 4LP PSTY i
44 021953 30.34 148.86 PCH & UEPL/  CHTR OBSCURED BY SHADOW PGTH .
45 922100 30.214 149.1€  PCM € OTHE? PG -
46 #22154 30.6N 149,46  PCH 1 T4.5/4.5-/50.0/2aHRS NOMAS PEY -
-




[P RS -

FIX
KO,

D@D LN -

0930086
910400
230300
038932
831600

THE
[¥4)

268310
281610
201934
280507
200726
230908
291538
300229
300410
01319
301621
610028
810323
e117ed
028001
828251
921145
821420

3124
32.54
34.5K1
3430
36.3N

149.6€
150.7€
152.7¢
152.4€
158.8E

FIX
2031TION

2.6
12,54
14,54
15.54
15.81
16,18
16.98
18.4H
18.6H
20,34
20.94

2.4
22.8H
25.44
26.W
26.7H
28.38
29.04

157.9€
156, 1€
156 OF
155.5€
55.4€
155.4€
155.0€
154.3€
154,26
152.8€
152 J4€
161.7€
151.3€
143.3€
148.6€
148,5€
148.5€
148.€E

PN €
PCR E
FCH O
FLI 6
U]

FLY
wm

1500F T
T80
70018
7o0r8
70018
Teors
To0rB
Toot8
70018
To0r8
7o0rB
70018
7o0r8
70018
7008
reore
7008
7eor

7ept8  0BS

ST MSLP
997

3010

3093

2947 942

2954

2962 984

2891 945

2821

2803 964

W52

2697 952

2663

2611 944

2544 937

2580

2553

<5hd

2578 940

QOTHER
OTHER
OTHER
HOANG
OTHeR

RIRCRAFT FIXES

mMX-FC-WD
VEL/BRG/RNG

2b> 289 105 320 30 280 55
320 54 230 140
180 48 120 SO
4D 299 60 350 47 290 90
§5 138 115 210 60 130 185
050 73 280 €0
330 62 236 38
S8 208 120 270 78 200 S2
56 278 15 150 81 070 AS
320 S6 230 50
160 60 068 39
49 210 70 380 75 180 25
60 180 5 020 75 310 20
268 97 170 18
86 218 38 308 BB 200 20
e 320 16 030 74 320 IS5

NNAL e AUNRNANLAANSAN

MAX-FLT-LVL-WD  RCCRY
DIR/VEL/BRG/RNG NAVATET

MNRNEGNWUNLAWNS @GOG

EYE EYE ORIEN-

SHAPE DIAM/TATION

CIRCULAR 4B
CIRCULAR 430

CIRCULAR a5
CIRCULAR

CIRCULAR 35
CIRCULAR 38
ELLIPTICAL 22 15 120

ELLIPTICAL 48 25 060

NOTICE - THE ASTERISKS () INDICAYE FIXES UNREPRESEMTATIVE ARD NOT USED FOR BEST TRACK PURPOSES.

162

EYE TEP (D)
Suts [N/ DP/SST

+26
+18

+10
+14

+13
+15

+13
13

+15

14

+26 423 27
13+ 7

+14 +10
420 + 7

15 ¢+ 5

+HS + 8
+19 +14

+19 413

+18 +14

554
HO.

VRO L Ll




SUPER TYPHCON WYNNE
BEST TRACK DATA

BEST TRACK WARNING 24 HGUR FORECAST 43 HOUR FORLCAGT 72 HOUR FORECAST g
ERRORS ERRORS CPRUKS g
MO/LAAUR POSIT  UIND  FOSIT  WIND D3T winD  POSIT  winD DST UIND  POSIT  WIND DST WD POSIT  WIND DST UIND E]
H 1902127 9.4 15.5 20 0.0 0.0 ©. -g. 4. 0.0 9.6 0. -0. ©. 0.6 0.0 3. 0. €4 0.0 0, -0, 0. E
1082182 8.4 155.7 20 ©.0 0.0 O. -8. 0. 0.0 0.0 0. -C. U, 0.8 0.0 -A. 5. 6.0 0.3 N B 0. E ]
68308l 7.6 155,0 25 8.8 0C.u 2, -b. 9, 0.0 8.0 e. -0. 0. 9.0 e.0 -8, (18 9.0 6.0 3. -8, [+
1683062 7.0 154.2 35 9.8 9.0 0. -8 8, 9.0 8.0 € -0. 0. v.0 0.8 v 0.8 060 0. -0. 0, E
18683122 6.6 153.7 S8 0.0 a8 8. -0, 0. 0.0 0.8 @&, -0. 0. a.e 8.0 a. a.8 0.0 . -D. 0. g
1003182 6.2 152,9 60 0.0 9.0 9. -3, 6, 0.8 .0 ©O. <0, 0. 0.8 0.0 9. ©.» 0.0 h -B. 0. g
160400 6.0 152.2 70 5.8 152.2 S55. 12. -iS. 6.8 1d6.4 70 97. 30. 9.5 1455 35, 12,8 142, 30, 132, a0,
10Migsz 6.2 151.1 60 6.2 151.2 66. 6. ©U. 7.7 147.9 75 92, 10. 10.4 145.8 5. 13.2 11,2 93, 187, 4%,
1004122 6.7 158.3 57 6.0 130.8 3. SI. 9. 7.3 140.2 70, 159, 25 18 1 1ab.¥ sU. 13,0 147,590, 205. S0,
H . 1804182 7.3 140,60 45 7.2 149.4 0. 23. S. 9.0 146.3 70. 85, J0. 12.8 143 s 0. 1h.b 95, 137. 25.
1885802 8.0 149.5 40 7.8 143.4 a5, 13, 5. 9.9 47,9 €0. ild. 153. 12.¢ 144.0 20. 5.7 99, 112. 20.
1895062 8.8 149.1 &5 8.8 149.1 se. 8. -15. 11.9 147.4 €%9. 0OS. S. 15.40 1948 S 18,8 %G,
1085122 9.8 1.18.4 45 8.8 149.1 sSu. 73, S. 1.9 1424 85, 151, 20, 159 {449 1. B 95.
1885197 10.6 17,5 30 18.7 147.2 40. 19. 18, 13.9 142.80 45. 141, -5, 15.8 137.7 -12. 1G.} GS.
1606882 11.7 146.86 45 11.S 146,2 J45. 37. 8 147 1415 55 172, 5. 16.5 1355 -5, 17.0
1906062 12,7 146.2 60 12.6 146.0 S0, 13, -10. 5.2 1422 € 10, 1Y, 7.2 136 2 0. 1/.9
1086122 13.8 145.7 45 13.5 145.7 5O, t8. S, 16.7 11,0 0. 108, 6. 7.7 135.6 -1, 180
1896182 14.7 145,1 59 14,7 133.9 J48. 12, -16. 17.7 140.2 €0. {71, =5. 12.8 134.2 =20, 18,8
1887682 13,3 1445 S8 15.5 1442 45, 21, -5, 19.3 135 62, 142, -10. 23.3 i39.6 -Sp. 29.0
* 1007862 15.8 144,80 58 15.8 1a3.1 5@ 6. 0. 18.3 142.2 0. 78. -?5. 21.7 140,1 =156. 2.2
1867122 16.2 143.5 63 16.6 143,6 SO0. 19. -10. 15.6 141.3 55. 114, -35. 23.2 135.9 -80. 2¢.0
1807182 16,7 143.0 65 16.2 143.1 S5. 8. -10. 19.6 141.3 70. 142, -38., 23.2 140.0 -65. 28.2
1006802 §7.9 142.1 7R 17.3 142.9 6B. 44, -10. 19.7 141.2 7. 198. =50, 22.7 f4n.i -Ht. 26.%
1088062 17.4 141.2 75 17.5 id1.1 €S. 8. =1, 19,3 137.8 75. 47. -75. 2.} 135.93 =54. 25.5
i 1008122 17.9 148,2 U0 17.8 140.1 70, 8. -10. 13.9 1372.0 69. 59, -65. 231.5 135.3 -ag. 28.2 -
1908187 18.3 139.2 99 18.5 139.8 95. 1€ S. 21.7 134.8 110. 162, -30. 26 3 134.3 -20 30,0
1082662 1.7 130.0 120 19,8 138.8 140. 6 20. 21 9 134.5 i50. 104, 15. IL.5 13L.0 20. 29.8
1 1089962 19.1 137.0 150 19.2 136.7 150. 18. 8. 20.9 132.8 159. 6. 20. 23.1 128.0 5. 26.7
1089122 19.6 136.8 145 19.5 136.2 158. 13. 5. 20.9 132.4 150. 96, 25. 202.6 126.7 15, 26.4
1009187 20.0 134.9 148 20.2 134.9 140, i2. 0. 22.4 130.2 120, 37, =5. 24.9 122.5 5. 27.9
1018802 206.5 133.4 135 20.€ 133.7 140. 18. S 23.0 129.4 i28. 4. 0. 26.2 126.8 5. 23.2
1910862 28.9 132.1 138 20.8 132.2 130, 9. 0. 23.6 122.9 119. 19. -5. 27.5 126.8 8. 38.6 _
1810122 21.5 139.8 125 21.4 130.7 125. 8. 0. 24.1 122.0 180. 21. -15. 27.8 127.3 -10. 31.8 H
. 1610182 22.0 129.7 125 22.1 129.5 125. 13. 0. 25.5 126.5 108. 84. -18. 0.2 12.5 -15. 34,4 )
181i007 22.6 126.8 120 22.6 128.8 1"5. ©. S. 26.4 126.7 1@. 101. -5. 30.8 138.2 -10. 330 :
1811867 23.3 128.9 115 23.6 128.! 115. 19. 6. 27.8 127.4 95. 167. -5. 32.5 133.6 -5. 36.0 1418 69, B
1011127 23.8 127.2 115 23.8 127.4 110 11, 5. 27.7 127.4 94 120, -IA. 32.5 133.6 - 8. 0.0 6. :
1011162 24.2 126.6 110 24.8 126.5 119. 36. 0. 29.2 127.8 98. 165. ~10. 33 8 134.8 -10. 8.6 0.0 6. -
§012602 24.8 126.1 195 24.8 126.1 10S. 8 8. 28.2 125.8 S2. 36. =5. 33.3 130.8 -20. 4.8 0.0 8.
1012062 25.4 125.8 180 25.3 125.3 198. 22. €. 27.8 125.8 €S. 130, =5. 32.2 125.0 -5, fA.6 0.0 O.
1 1812122 26.1 125.8 189 26.1 125.7 108. S. ©0. 29.6 126.2 95. 120, 5. 34.8 153.9 15. e.e 0.0 6.
1812182 27.0 125.9 109 26.9 125.6 108. 17. ©. 31.5 128.7 0. 118, -99. 36.3 136.7 -60. 0.0 0.0 O.
' 1812802 27.9 126.4 95 27.8 126.3 108. 8. S. 2.1 138.1 75. 1S2. -10. 0.9 0.0 9. ne 0.0 8.
1013852 20.6 12/ 2 90 28.9 127.0 98. 12. . 33.3 131.8 6@. 234, -20. 0.0 0.0 0. 6.6 0.6 0. -0. 0. :
1013122 29.8 128.5 98 29.6 1208.4 5. 13. -5. 34.2 134.2 56. 292. -20. 0.8 0.0 0. 6.8 0.0 0. -8. 0. -
1813162 30.5 130.5 98 30.3 130.e 60. 28. -18. 33.8 138.4 63. 358. ©0. 0.8 0.0 8. 0.8 0.0 9. -0. O. :
. 1812802 31.5 133.8 85 3i1.7 133.4 75. 24 -18 37.6 147.8 S, 142. ¢. 8.8 8.0 6. ©.6 0.6 0. -8. O. .
1014062 32.6 136.4 88 32.4 136.3 75. 13. 5. 0.0 0.0 ©. -8, 0. 0.8 0.0 8. 8.8 0.6 0. -0. 0,
1614122 34.0 1a0.1 78 34.0 139.9 5. 1. S. 0.0 6.8 0. -8. 0. 0.8 0.8 5. 6.8 0.0 0. -6. 8. -
1814182 35.5 145.F 68 36.2 145.1 66. 42. 8. 0.8 0.0 8. -8, 0. 0.6 0.8 8. 0.8 0.8 8. -0. 0. B
1815887 36.0 199.c S8 @.0 9.8 6. -8. ©8. 9.0 0.0 0. -86. 0. ©€.0 e.8 8. p.8 b8 0, -0 0.
i
y ALL FORECASTS TYPHOONS UHILE OVEP 35 K15
t WRHG  24-HR  48-HR 72-HR WPNG  24MR  48-HR 72-HP
. AVG FORECAST POSIT ERROR 18. 119, 248.  370. 19, 128, 243, 370.
AVG RIGHT ANGLE ERROR 12. 66, 137, 273, 12, 65, 137, 273
! AVG INTENSITY MAGNITUDE ERROR s. 28. 22, 37, 5. 19, 27, 37,
AVG IHTENSITY B1RS -1, -8. ~13. =15, e. 18, ~-I3. 15,
NUMBER OF FORECASTS a3 a1 36 30 a3 a9 36 38
, DISTANCE TPAVELED BY STORM IS 3728. KM
! AVERAGE SPEED OF STORM §S 12, KNOTS
! SUPEP TYPHOON UMHE
\ ©I% POSITIONS FOR CYCLONE NO. 23
1}
% SATELLITE FINES
12
! FI¥ THE Fix
& NO. (D) POSITION ACCRY  DVORAK CODE SATELLITE COITENTS SITE
' Y 921208 9.3n 156.3E PN O OTHER PCTY
iy 2 021953 B8.2N 155.4E PCN 6 DISP37 PCTY E
Ly 3 622153 7.8N 155.28 PN S T8.5/0.5 HOARE  INIT 0BS PL I E
4 4 03008 7.oN 154.3E  PCN O OTHER PGTY
i S 830852 6.6N 153.7E  FCN 6 NORAG PGTU 3
\'i 6 831280 6.5N 153.6E FCH O OTHER PGT
b 1 7 0316086 6.38 153.8E PCH O OTHER PoTM
( 8 931800 6.4 152.76 PCH O OTHER paTu
< 9 932188  6.2M 152.2E PLN O OTHER PCTY
9 18 932132 6.6N 152.1€  PCN 3 T2.5/2.5 -U2 0/24HRS NOARG PCTY
= 1t paduds 6.8H 152.BE PCH € OTHF P PGTY
12 940400 6.I1N 151 6E  PLNE OTHER PGTU
E 13 040511 6.34 ISt 26 PLH 3 TIROSH PETY
= A . * 14 84ip11  5.7n i56 9 PCH S NOARE PGTU
A « 15 841200 S.6N 158.5€ PCN O OIHER PeTUY
¢ 16 042109 7.SN 149.8E PCM 3 T3.5/3.5 ,D1.8/24HRS NOARE P6TU
Z 17 850949 9.7TH 148.9¢ PCH S HOARG PGTY
18 e51200 9.7N 149.9E  PCH O OTHER PETY
RE 19 951600 10.1n :47.86 PLH O OTHIR Putu
28 052030 11.5M 147.4E PN 6 DH5P3? PeTU
3 21 852220 11.8N 146.9E  PLN S 13.0/3.0+A0 S/25HRS HOARE PGTU
22 050000 11.38 146.7€ PIH O GTHER PGTY
S- 23 0AR4DD 12.5N 146.3E FCN O OTHER FGTY
- 24 B6060A 12,.6H 145.5F PLH O OTHER POTY
{ 25 60630 12.6N 145.8E PCH 3 TiPOSH PGTY
4 . 163
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Fix
HO.

WO N L WN -~

® %

860950
060926
851200
851600
851800
852100
862206
870000
970409
7e618
878390
0670504
871600
871991
871993
er2ion
er2143
asro00
eso4ne
asecee
830607
888500
31023
831200
881600
@22100
832187
832211
882302
882382
ase300
899555
333900
291008
831288
891608
892180
832149
892249
1802360
108/25
106500
181119
1h1829
181829
182188
11ee88
11ies7
111200
112180
112336
120968
121834
121834
123947
122314
120651
136651
139580
131935
132100
132251
148638
140360
146906
149348
141680
142109
159809

TIE
[t3]

e8dpi22
849332
841617
841624
84211
58320
859621
950855
851142
85161S
451831
852611
852852
850305
vEB618
60507
- 1287
861514
978317
871445
288249
281245
281511
682326
838236
891255
891437
180912
188250

22.€N
23.5M
23.58
24.48
24.84
25.78
25.81
27.18
27.58
27.78
291N
28.94
29.48
30.88
30.94
31.48
Z1.58
32.28
33.31
33.6N
35.8H
35.98
35.1K

145.6€
145.4€
144, 6€
143,26
144.8E
144.5€
144.3€
143.9€
144.1E
143.9€
143.8E
143.4E
14Z.7€
142.7€
143,08
142.5€
142, 1E
142.1E
141,5E
141.1E
141.1E
148,6E
148.4¢
140.1E
139.4E
138.7€
138.6E
138.4E
136.1€
138.1€
137.6E
137.1C
136.7€
136.5€
136.1€
135.3¢
134.2E
133.6E
133.8€
122.7€
132.8€
131.5€
130.95
129.8€
129.5¢8
128.3€
120.8E
127.2¢€
127.1€
26.3E
126.2€
125.5€
125.6€
126.4€
126.3€
126, 3E
127.9€
127.4€
128.0€
131.2€
132.0€
132.5

133. 1€
134.9¢
137,88
138.8€
143.3€
146.8E
148.6E

FIX
POSITION

S5.78
S.94
7.8
76N
7.6M
8.44
9.8
8.3N
8.98
18.38
18,48
18.5K
11.8K
12.28
i2.98
13.48
13.e8
14,48
15.5N
16.51
17.1N
17.94
18.38
18.78
18.8H
19.6M
19.88
20.5M
20.6N

152.9€
151.7€
149.%€
149.6€
143.56%
149.3€
149. 1K
149.9E
148, 1€
146.8E
146.7€
146.3€
146.6€
146.4E
146.4E
146.2E
136.F€
145.6E
144, €
143.3€
141.5€
139.9€
139.4F
138. 1€
137.6€
135.9€
135.6€
133.3€
132.02

PCH O
PCH
PCH
PCHN
PCHN
PCH
PCR
PLH

PCH
PeN

£CH

PCH

PCH
PCH
FCN
PCR

9
[x.
z
OOV OOA VO NI e WWNO =Mt MMuMMwwr MM e MMMeMeMum=NMAMWONONIMAOANONOROOrCOO O W

FLT
[AuN

7888
780:8
708
7808
7608
7gars
il
70818
769!8
7678
780r8
et
7820
7808
7e0i8
7ger8
7e018
76018
7eorB
Toore
76008
7eon
7eorB
70818
Teors
76018
78013

78818

T13.873.0 /58.8-24HRS

74.074.8 /D1.8/24HRS

15.5/5.5

T5.6/5.8 /D1.5/25HRS

16.5/6.5 /D1.8/24HRS

76.08/6.9

T74.5/5.5-/U1.5724HRS
14.074.5-
T5.85.08-

74.0-4.5 /UB.5/24HRS

OTHER
HoAnG
OTHER
OTHER

NOANG
KROARS

KROAAG
OTHER
HOARG
TIROSH
TIROSH
OTHER
OTHER
HORRG
OTHER
OTHER
HNORRG
OTHER
HOARG
OTHER
TIROSH
HOANG
TIROSH
TIROSH
OTHER
TIROSH
OTHER
HOAAG
OTHER
OTHEP
GTHER
NOARE
OTHER
OTHER
OTHER

INIT 08S
PSH BASED ON DISTINCY EYE

FSH BASED ON UELL DEFINED EYE

EYE PARTIALLY CLD FILLED

11T C8S

INIT 0BS
IHIT CBS

RIRCRAFT FIXES

708t8 08S MAX-SFC-LND
HGT MSLP VEL/BRG/RNG

2354 984 75 118
2319 976 65 828
3064

3044

3898 45 810
3863 897 45 350
3047 996 80 999
3122 1886

2135

3127 1008

3125

3122 1808

3854 45 278
30641 999 S8 860
30?0 994 78 160
3890 1802

3081

3073

3033 992 Se 360
2965 934

2882 975 @8 e3e
2668

2578 952

2197 138 1208
2136 898 138 298
2207

2193 838

2313 188 lee
2389 912 186 810

PRR-FLT-LVL-LND
DIR/VEL/BRG/RNG

82 i1e 20
S5 036 20

114 158 14
184 270 12

164

ACCRY

15
10

WANVULUADONWNNNNRNNOO

HAVAET

- s e me o mn e e NWAN L = BANNNWNERNRNDYN

EYE
SHAPE

CIRCuLAR
CIRCUL AR
CIRCuLAR

CIRCULAP

EYF ORIEN-
DIAM/TAL DN

10
12
15

15

ELLIPTICAL 13 10 BS8
ELLIPTICAL 18 13 038

849

CIRCULAR 20
CIRCULAR  {S
ELLIPTICAL 25 15
CIRCuL&R 12
CIRCutaRr 13
CIRCAR 1B
CIRCIRAR 12
CONCENTRIC 1t 34
CIRCLAR 20
CIRCIRRR 19

£YE TEIP (O)
GUT/ 1IN/ DP/SST

+11
+12
+13
+12
+18
+14
+i8
+12
+3
+3
+16
+11
+11
+

+11

i3

+ie

+16
+28
+15

+13
+17
+17
+12
+19
+1i
+14
+15

+14
+16

9 414

+10
+9
410

N DY

+
+
+
+

+
@ o o o

SN
HO.

WNNNAOUNUAU L LW N NN - -

-«

IR e




3a 181120 21.6N I131.8E 7088 2267 987 288 114 188 18 S 2 CIRCWAR 17 +13 +19 2t
31 191423 21.7H 13B.7E 706r8 2262 90t 819 124 288 12 7 2 CIRCULAR 18 12 117 2t
32 118u55 22.06N 128.8E  700t8 2364 129 @98 10 180 25938 28 4 | 22
33 119201 22.9N 128.5€ 7eerp 2372 9i0 100 899 10 010 23 2728 3 4 1| CIRCULARR 28 +14 +18 +14 22
24 119749 23.SH 122.7C 79818 2349 189 138 15 200 107 138 28 18 2 23
35 118912 23.6M 127.6€ 7eerB 2336 914 110 238 15 320 100 238 15 18 4 CIRCULAR 2 +13 428 +16 23
36 111222 23.7H 127.18  78etB 2325 899 119838 15 S 1 CIRCULAR 1?7 24
37 111440 24.8H 126.7€ 788!8 2346 SIS 220 115 148 15 S 1 CIRCULAR 19 +14 417 24
38 112120 24.5M 126.3F 700M3 2421 924 118 95 838 ty 7 2 CIRCULAR 18 +15 +17 +16 25
35 120026 24.6M 126.1€  TeMB 2437 108 330 1S 290 Sg 218 38 S5 3 25
40 120349 25.IN 125.7€ 7OUtB 2435 925 60 360 25 090 68 360 61 4 1 CIRCULAR 15 +13 +17 +14 26
41 128700 25.7NH '25.8E 7eure 2413 tee 138 30 210 97 133 16 4 1 26
42 121819 25.6N 125.6F  7eore 2428 975 108 62 099 158 19 2 CIRCULAR 28 +13 +19 +16 27
43 121328 26.3N 125.7¢ 78erB 2454 927 218 55 156 118 10 2 ELLIPTICAL 13 18 120  +1S +i8 +17 27
44 138133 28.1N 126.t¢ 20018 2564 45 868 115 168 7)1 888 85 S 2 29
45 130315 28.4M 126.68 280rB 2582 943 218 72131 75 S 2 +13 +18 +17 29
46 131239 29.9M 128.7t. 7008 158 76 868 68 1@ 2 )
47 131505 30.1H 123.3E 7e0r8 320 "9 268 68 4 2 +18 +18 +14 30
48 140822 31.SM 133.0E 70018 2659 70 976 3¢ 189 68 070 68 2 2 1
N 43 140230 31.8M 134,26 7eer| 2728 956 100 258 60 339 81 258 3@ 2 2 +15 +15 +14 31
S8 118528 32.4M 135.8€ 7earn 2091 98 158 9 160 S6 070 98 S 2 32
51 148734 32.8% 136.9E 7oerB 2783 86 150 30 230 81159 30 S S +14 +16 +14 32
= § RADAP FIXES
i FIX TIE FiX EYE EYE  RADOB-CODE RADAR SITE
! NO, €2) POSITION  RADAR ACCRY  SHAPE DIAtT  ASUAR TDDFF COMTHENTS POSITION o KO,
{
= H 1 652335 12.8H 146.7E LiiD GOOD  CIPCULAR 28 WALL CLD OPEN H-E 13.61 144.9E 91218
= ] 2 @69135 12.6M 146.6E LaND GOOD  CIRCILAR 20 13.60 144.9E 91210
E N 3 860235 12.3M 146.4E LAND  COOD  CIRCULAR 20 13.64 144,98 91218
E 4 B58335 12.5H 146.4E LAND  GOOD  CIRCULAR wiLL CLD OPEH E 13.6N 144,98 91218
= { 5 068435 12.6M 146.3E LAND FAIR  CIRCULAR 20 13.6H 144,9E 91216
: 6 848535 12.7H 146,15 LAND  POOR 13.6H 144,9€ 91218
= ® 7 860635 13.1N 146.1E LAND  POOR 13.68 144,9€ 91218
. B8 060818 13.3H 146.3€ LAND  POOR 13.64 144.9€ 91218
= * 9 058918 13.7H 146.3€ LAND  POOR 13.68 144.9€ 91218
= 18 668935 13.8N 146.3F tRND  POOR 13,68 144,9E 21218
E ¢ 11 ©8610:8 13.7H 146.IE LAND  POOR 13,6 144,95 91218
= 12 061135 13.8M 146.8E LAND  PUOR 13.64 144.95 91218
= 13 861218 13.8H 146.8€ LAND  POOR 13.6N 144.9E 91218
= 14 861235 13.8M 146.85 LAND  POCR 13.6H 144.9E 91218
15 861335 14.1H 145.6E LAND  POOR 13.64 144,56 91218
= 16 051410 14.3N 145.5€ LAND TFAIR  CIRCULAR 39 uwaLL CLD OPEN R 13.64 144,96 91218
= i 17 861435 14.4H 145.8E LaND  GOOD  CIRCULAR 23 waLL (LD OPEN N 13.64 144.9€  S1218
= 1@ ©61536 14.7H 14S.SE LAND  GOOD  CIRCULAR 25 LRLL CLD OPEN SW-HE 13.6M 134.9E 51218
= 19 861535 13.6M 145.0E LAND  GOOD  CIPCULAR 23 waLL CLD OPEN N 13.64 144.5E 91218
= * 28 B61735 14.9M 145.3F LAHD  GOOD  CIRCULAR 22 13.64 144,98 91218
= 21 861835 15.0M 145.3E LAND  G0OD  CIRCULAR 22 L CLD OPEN N 13,61 144,95 91218
22 651918 1S.0N 145.1E LAND  GOOD  CIRCW AR 21 13.64 144,9€ 91218
23 851935 15.1M 145.1€ tAND  GOOD  LIRCW AR 2 13.64 144.9€ 91218
= ' 24 8520180 15.2H 145.0E iAHD  FAIR  CIPCULAR 20 waLt CLD OPEM 1 13,68 144.5€ 91218
= 25 @352035 1S.2N 145.8€ LAND FAIR  CIRCULAR 20 WRLL CLD OPEN o 13.65 144,98 91218
= 26 852335 1S.4M 144.4€ LAND  FAQIR 13.6M 144,96 91218
27 O7OF35  15.4M 144.3t LAND  FaIR 13.6H 144.9€ 91218
b 28 079,10 15.6M 144.1E LAND  GOOD  CIRCuLAR 25 13.68 144.9€ 91218
1 29 078335 1S.7H 144.0f LAND  GLOOD CIRCULAR 25 HORTHERN HALF UYNNE ATTENUATED 13.64 144.95 91219
N 33 070434 15.7NH 144.0F LAND  GOOD  CIRCULAR 25 13.64 144.9E 91218
) F 31 078535 IS.8M 144,8E LRND  GOOD 13.6M 144,96 91218
€ 32 876635 15.9H 143.9E tAnD  GGOD KURTHERN 1ALF UYNKE ARTTENUATED 13.6N 144,96 91218
33 076735 15.9M 143.9E tAND  GOUD NORTHERH HALE UNNE WTTENURTED 13.6N 131,96 91213
) 33 07EB10  16.6H 143.BE LAND  FRIR 12,68 134.9€ 91218
! 35 872835 16.IN 143.7E WAND  PCOR 13.64 144,9€ 91218
3¢ 119780 23.5M 127.8E LAND 20713 52814 26.2H 127.8E 479327
T 110735 23.44 127.7€ LAND  FAIR 26.4N 127.8E 7935
368 118808 23.4N 127.8f LAND C5/02 77777 24.34 123,26 47918
N 39 118888 23.6N 127.6€ LAND 3sss3 5707 24.8M 125,38 4797
] 49 110883 23.5n 27 TE LAY 20613 52085 26.24 127.8€ 47937
t A1 HIO900  23.4N 127.56 ranD S/ 13 52716 24,38 124.26  a7918
‘ 42 110900 23.5M 127.5E LAND 20873 52508 24,84 125.3€ a7
43 111008 23.4M 127.4E LAND 65713 S30€8 24,30 123,26 47918
H 44 111880 23.6M 122.4E LAND 20723 53988 28,44 125.38 47927
H 45 111808 23.6M IZ7.SE LAND 11174 22905 26.2H 127.8E 7932
. 46 113188 23,5M 127.4E LAND 65713 72089 24.34 124.26 47918
H 47 111160 23.6N 127.3E LAND 20813 53885 28,4 135.3C 47927
he- 48 111180 237N 127,38 LAND 10713 730886 26,21 122,80 aATIW
. 49 111130 23.7M 127.3E LANDd  FAIR 26.% 127.8E 47935
RS S0 111208 23.60 122.2E LaND 11717 52683 28.24 125,38 at9
H St 111200 23.6M 127.26 LAND 18762 73267 24,34 124.2E 2910
52 111205 23.8M 127.28 LAWD  FAIR 26.%t 127,8E 47935
‘ S$3 111235 23.8H 127.26 LAND  FAIF 26, 127,88 47933
1 54 111308 23.8W 127.28 LaND 16713 53511 28,94 125.36 479
Ik S5 111300 23.7N 127.2€ LAND 10712 730886 26,328 127,88 479W
i S6 111308 23.7H 127.2¢ LGND 10712 73286 24.31 124,26 47918
18 57 111318 23.9M 127.1E LAND  FAIR 26,34 127,88 47935
= ; 58 111408 23.84 127.1€ LAND 10713 53365 26, 125.38 47927
o 59 111488 23.8M 127.2€ LAHD 10713 73185 20.2H 127.8E  a79¥W
\" 68 131488 23.7N 127.1€ LAND 10713 73287 24.34 124,28 47918
4 61 1311580 24.0M 127.BE LAND 11843 S3314 28.a4 125.3€ 47927
{ €2 111588 24.6M 127.1E LAND 10713 73287 26.7H J27.8E 47937
3 63 111560 23.9H 127.1E LaND 10715 73496 28.3% 124,28 47913
% ] 64 111680 24.2M 126.3C LAND 11713 53214 28, 125.3€ 42927
65 111688 24.2N 127.6E LAMD 28743 23410 26.24 127.8E 47337
66 1116863 24.1H 126.9F LAND 10612 73318 24,34 124,26 47918
E 67 1HI7EC 24.3M 1Z6.7E LAND 10612 53815 2g.-m 125,36 47922
A €8 1317M3 Ja 7N 126.88 Lewd 204613 73311 26.28 127,66 479W7
A €9 111780 24.3N (3E.7E tawd 18512 73215 24,38 124.26 47919
( . 78 1118A0  24.4M 126.6€ LD 20613 73112 26 M 127.8E TN
% 71 111908 24,34 106.3F LeND 12812 52586 28.-% 125.3C 4797
72 111800 24.3N 126.5€ iaND 207143 72716 26.2H 127.88 47937
R ?3 111300 24.3N4 126.3E LAND 55/22 72911 24,38 124.26 47918
°4 112800 24,34 126.3E LAND 11712 52004 BB 125,38 47927
¢ 75 112000 24.2M 126.4E LanD 20712 72608 26.2M 127,88 4793
k 76 112000 24.2M 126.3C AN $5/42 72613 24,34 124,26 47918
S 77 112108 243N 126,38 LAND 10513 50585 20. 1I5.36 47927
a 78 112109 24.3M 126.4F LAND 10512 72102 24,30 324, 47918
s 79 112200 24.54 126,38 LAND 10513 53312 28,34 125,38 47927
{ B0 312200 24.5M 126.5€ LAwD 20613 73186 26.28 127.8€ 37937 '
L=
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112200
112300
112380
112300
120180
12680
120100
120118
128132
1207228
120280
120288
126360
1283008
120400
120403
120459
120508
120509
120708
126792
129780
128308
120600
1’8388
126500
128930
128335
121008
121800
171080
121010
321035
121100
121108
121100
121110
21135
121200
121208
1212i0
121238
w2izes
121500
121300

21335
121308
121800
121418
12143%
12:560
121518
121535
i216ed
12iguR
121618
121635

Kok ol R0 Al bl el

b (Wt b Al s A ol

24.5% 126,38 LAHD
24 TH 126.7L  LAHD
24.64 129,38 LAND
24,00 106,36 LAND
24,94 126.8E LAND
24,94 125,98 LRND
24,91 126.0E LAND
25.6H4 126.05 LGND
25,14 125.9€ aND
24.9H 125.9F D
25.04 125,90 LaHD
25.00 125.68 LAND
25.8H 125.BE  LAND
25.08 125,88 (hid
25.C8 125.BE LaND
25.04 125.80 ranD
25. 14 125,80 Ll
25.08 125,65 1and
25 1K 125.8 LAND
25.4M 125,88 Lavid
25.6H 125 BE LAND
25.46 12% BE Lad
25.6H 125.68 LAND
25.5H 125.7E LaNb
25.6H 125.8E LAND
25.7H 125.7E LRND
25%.78 125.6E LAND
25.8M 125,56t LAND
25,08 125.6E LAHD
3S.TH 125.6E  LAKD
25 (H 125.7E LmiDd
25,84 125.3 LAND
25.91 125.8€ LaND
25.8N 125.70 LRND
25.94 125 6E L&D
25.81 125,70 LD
Land
Leep
LD

26.04 LD
26.2H (X0
26,14 LD
26.24 LAND

LRND

26.0u LAND
26.34 LRiG
26, LAND
26.1H Land

LA
L

26,34 LAND
26.6H LRND
25 oN LRHD
26.€1 LaND

34,24 129.8E LD

21w
3168
3o
33.9
3.

e
3>.an
2%
33.e8
3294
33.38
33.0n
3374
3500

+RIR
FAIR

GooD

600D
S0CD

GOOD
{200

600D
GOOD

Goud

G0
Good
00D
500D

500
600D

SO0D

11732
18512
208613
12812
20612
11512
20512

20612
21812
12512
16512
21612
18513
18513
19512
19513
20514
20614
11412
10535
12512
20612
57742
11882
18412

18512
18513
21712

11812
18412
18513

18582
a5702

10512
18553
$5772

11512
18438

10412

12513
18512

18413
Rl

11613
72742
10612
28412
24562
/B2
55,72
35-72
55712
55142
55712
25782
5573
5512
55712
$5-12
5522
5542
55742
Sy
85712
L2044}
357352
Sroel
$5-42
Yt
6582
Srrc}
65-12
22601
6562
47031
R4
brzg
65772
Errrdl
65772
SsrD

70103
53511
73509
73507
732ss
53813
73210

731688
7311
52909
53504
72907
T2704
23104
53604
73204
73404
73508
53512
73608
53088
73sn
73609
73388
53308

50303
73407
73306

73305
53584
78105

53365
70207

50214
7016C
70105

S3612
7e1es

53806

58214
73608

$3386
2

50315
So388
70118
70110
78311
0416
50614
70315
A313
0413
H318
56316
50613
50813
50613
58722
50411
S0619
58713
S04622
50719
50722
50622
pr L]
50819
20619
SBE19
Sesly
S0827
50£22
50623
50522
sang
50627
s

24,30
28,40
26.24
24,34
24,38
28,4
26.21
26,44
263
26.20
24.:M
28.a4
28..m
2438
26.2K%
24,34
288
26,21
24,38
24,36
28.4H
26.20
2B.an
6.8
W
243
28,44
26,38
28.94
26.28
24.3N
26,34
26,41
24,34
28.3M
26.28
26,
26,94
8.1
24.30
26,44
26.<4H
28,4
26.3H
24.31
26,1
3.
25,20
26.M
26.98
28,
26.
6.3
28.a8
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M0/DR/MR  POSIT

1808062 19.1
1808122 18.3
1003182 17.7
1009002 17.8
1889062 18.8
1009422 18.3
1889182 18.6
1810002 1S.1
1810862 19.4
1818122 28.6
1918182 20.7
1811002 21.4
1811862 22.3
1811122 22.6
1811182 22.6
10126882 23.2
1012062 23.9
1012122 24.6
1912182 2S.
1313882 26

1813862 27.
1913122 28.
1913182 3a.
1014802 33.

TROPICAL STORM ALEX
BEST TRACK DATA

BEST I1RACK UARHING 24 HOUR FORECAST
EPRORS EPPOPS
UInD POSIT WIHD  DST WIND POSET VIND DST WIND
62,0 1 0.0 0.2 8. -0. 8. 6.0 8.0 B. -0. &,
161.1 15 0.0 6.2 ®©. -0. ©. ©.0 ©.6 0. -8. 0.
168.3 1S 0.6 8.0 2. -8. 0. 0.0 © 8. -8, @,
159.5 1S 9.0 8.0 B. -0. ¢© 8.0 .8 3. -u. 0,
158.8 1S 0.0 9.0 @. -p. 9. ©.A @@ ©. -8. 0.
158.2 1S 0.9 0.6 8. -9, V. 0.0 o8B @e. -8. 0,
i57.4 20 8.8 9.0 8. -0. 0. N8 0.8 ¥, -8. O,
155.9 20 6.6 0.0 ©. -0. ©O0. 0.0 0.0 9. -y. 0.
54,8 20 0.0 0.0 ©. -8. ©. 0.8 0.8 0. -0. O,
153.7 20 9. 0.8 @ -0. 8. 6.0 0.8 9. -0. O.
152.6 20 8.0 0. e. -0. 9, 6.8 0.6 6. -0. O,
151.3 28 9.0 ¢ 8. -8. 6. 0.9 8.9 @ -0. @
1$6.3 20 9.0 0.2 ©¢. -f. B. 0O 0.8 B. -0. 0.
1499.1 2% 0w 9.0 9. -0. 8. 0.0 V.8 8. -0, O,
97,7 25 8.6 8.8 8. -5, ©. 0.0 8. 8. -9, 4.
146.6 25 0.8 9.0 ©. -8. ©. 0.0 ©.e 8. -5. 3,
145.3 30 23.6 145.0 33. 24. 8. 27.0 122.8 4. 9. S.
43,1 3¢ 24.2 144.5 38. 32. 9. 26.3 141.1 48, 157, fb.
142.8 30 25.4 1a3.8 38, 11. @, 29.3 :41.3 &), az. 1@,
1451.7 30 26.8 1%1.23 38. 42, B, 32.5 140.5 d45. 175, 28,
148.2 35 27,2 140.6 35. li. ©. 8.8 9.8 0. -2, 0.
129.9 36 28.2 135.8 35. 38. S, ©.6 9.8 9, 6. 6.
141.4 I 306.3 141.7 3@. 24. 6. €£.0 8.8 ©. -0, O,
143,7 25 33.1 143.4 25. 39. ©. 6.6 3.2 0. -9. 0.

AVG FORECAST POSIT FPROR
AVG RIGHT ANGLE ERTOR
AVG INTENSITY “WONITUDE ERROR

AVG INTENSITY

BIRS

HUMBER OF FORECASTS

DISTANCE TRAVELED BY STORM IS

AVERAGE SPEED CF STORH IS

FIX ThE
KO, (O

8gesdl
81600
832121
0sp3ue
091208
231608
¢32058
14038
HxAd b
1102:5
111289
112155
126660
128853
126280
122150
17 122313
18 138300
19 131688
20 13z2:80
21 132251
22 14%ee8
23 13
24 14936

Z8wDNN LN

FRAUWR

FIix THE
RO, {2y

180536
115383
128012
121528
132188
13g314

PN L WN -

FIX
POSITION

2.44
H
18,4
H: AL
18.78
18.7H
@.68n
19.60
22,54
22.7H
2311
23.I
46N
24,58
245,64
28,

25.74
27,64
25.94
3i.8mM
32.54
33.6n8
35.5N
38.3N

161.7€
160.4E
199,
199.1E
158.1E
1S7.6€
156. 1€
153.0€
153.1E
150.8€
149.6E
147.5E
145.6€
145,68
145.6¢
131.8€
141.3€
139.7€
140 St
142.4€
143.et
143.5€
145.58
150.1E

FIX
PGSIYION

9.
2.9
23,
2516
28.208
26.94

154.6€
158.¢e€
146.3€
143.3€
141.3€
129.7E

ALL FOPECASTS

QQ@‘JG&!QGGQQFQ'TQGQQQGGGGQ

P

%]

sroohbodoTNOCEOODILDODODS

48 HOUR FORECAST
ERPORS
DSY UIND POSIT UIND DST UIND

SIT uls

OQOE}QGQG&DQFGPFZIG.OIOP?_G_O.O.G
PO POOLIOVOOATRNORIDIETOOD
o

D

-0. 0. @
-0, 6. 8
-0. 0. @
=U. ©o. 0
-0. ©. ¢
-0. @, @
-H. e, @
-0, 8. ®
-y, 0. @
-0, 6. @
=0. 8. @
-8, 9. @
-8. 0. ®
-8. 9. @
-a, 9. ©
-6. 0. 8
-0. 0. @&
-6, €. ©
=9, 8. ¢©
-6. 8. O
-6. 8. ¢©
-6. 9. @
0. 0. ®
0. 8. ©

TVPHOGHS HHILE OviR 35 K15

24-HR  48-HR T2-HR WRIG 24-4R  48-Hk
28, 118, 0. e. 0. - 0.
17, 45. e. 0. 0. 8. 2.
1. 1i. B. 0. o. 0. 0.
1. it u. 0. o. a. a.
8 4 ] [} @ ] [
1844, 11
13. KNDTS
TPOPICAL STOFM ALEX
FIX POSITIONS FCP CYCLONE ND. 23
SRTELLITE FIXES
ACCRY DvCRAK CODE SRTELLITE COMTENTS
Pl 6 RORRG
PCH O LR
PGS Ti.grl.0 HORRE INIT 083
Pt O 01ER
PCH O OTHER
PCH O OTHER
PCN G 71.5-1.5 /DO.S/24HRS HORRE
PN S HIRREG Wmee 20.9 355.Y
PCH S T1.5/1.5 /50.8-2a4PS HORAS w or
Py S HORAS
PN G OIHER
PN S T2.8-2.08 /DO.S/23HRS HOARG
PCH O QTHER
PCE S NOARSG
PN O OTHER
Ple g onEd
PCN S 12.8/2.D4/50.0/24HRS nOARS
PN O OTHER
PN G JTHER
PH D OTHER
PCN S T2.5-2.5-/DR.S/2aHRS NOARG
PLH G STHER
PN G GTHEK
PtH O OTHER
RIRCRAFT FIXES
FLT  708'B 0BS MAX-SFC-LRD IMRX-FLT-LVL-UND ACCRY EYE
LV T ISLP VEL/BFG/RNG  DIP/VEL/BRG/RNG HAVAET SHAPE
1S8CF T 1609 25 938 75 7@ 25868 T8 3 18
1S80F T 1608 15076 45 828 15270 25 8 S
1568 T 1004 22030 68 I S183 66 S5 2
K 3881 1608 859 427 368 20 I1Ie =
7e8 3199 35 118 Sv 168 46 vY 15 3 3
7eH8 30638 999 35350 1 2w 3338 15 S 3

HOTICE ~ VHE ASTERISKS (w)

72-

u.

HR

EYE ORJIEN-
DIRWTATION

INDICATE FINES UNREPRESENTATIVE AMD HOT USHE FOR BEST TRACK PURPOSES.

167

DUV CITITRRCVIITEICOD

72 HOUR FORECRST

9. -8. 0.

a.e

8.0 8. -0. 0.
.6 0. -8. 8.
6.0 0. -3. D,
0.0 0. -0. 8.
0.0 ©. -6. @a.
8.0 o, -8. 0.
8.6 ©. -8. 0.
6.0 @. -f. BDB.
e.e @, -8. 8.
e.e 6. -8. 0.
0.6 ¢. -6. O.
.b 0. -0, 8,
8.0 0. -8, ©.
0.0 0. -8. 6.
0.6 0. -0. O,
8.8 0. -¢. 8.
A0 0. -8. B,
g.e 8, -0. &,
8.8 6. -0. 0.
0.6 0. -b. @o.
g.8 0. -0. 9.
8.8 0. -8. @,
0.0 0. -8. 0.

EYE 1EiT (DY BN
SUT/ Ins DP/SST  NO.

420 +24 423 28 1
923 +24 424 28 2
424 424 023 29 3
412 +16 11 S

3
+15 417 +10 &




TYPHOON BETTY
BEST TRACK DATA

Ao

o
t,

PRt o 1%

YT St SO

P et P o

BEST TRACK WAPHING 23 HOUR FORECASY 48 HOUR FCPILAST 72 HOUR FORECAST
EPRGPS ERRORS C
tX/DAMR - POSTY UIKD POSIY UIND DST WINKD FOSIT WIHD  DST WIND POSIT UIND POSIT WIRD PST UIND
1028122 2.1 151.3 25 9.8 6.0 6. -@. e. 6.0 B.w 3. -0. Q. 2.6 6.6 6. a9 0.0 @9, -vu, 6.
1608182 2.3 152.,7 25 e.6 0.8 @, -6, 0. 0.0 8.0 9. -A. 9. S.& 0.6 e, 2.0 8.8 8. -0. 3.
1023302 7.8 133.8 28 8.2 152.9 3S. S&. 5. 16.2 189.0 63. 105, 11.8 1410 TO. 13.7 139.5 80. 197. =15,
1829062 8.9 154.2 3@ 8.9 154.1 3C 6. 5. 11.2 152.2 &8, 242, 12,2 149.0 78, 13.8 134.9 58. 579, -15.
1629122 9.3 153,4 35 9.6 I53.2 40. 21. 5. 11.9 149.4 €0. 130. .7 146.2 TS, 15.4 142.6 86, 554, -i0.
1829182 18.4 152.1 35 10.8 152.8 9. 25. 5. 15,9 1701 78, lis. 13.6 142.5 2%, 1%,8 138.8 99. 397. -5.
1020082 19.3 158.6 S8 10.6 151.5 SO. 56, B, 12.2 146G 79, 224, 14.9 142.0 82, 33 16.4 132.5 99, 275, ~-5.
1830062 11.7 149.1 S5 1i.© 14,.2 60. 8. S. 133 143,81 B8, N8, 14,7 137.2 8%, 17.8 171.5 J9, 146, -10.
1030122 1¢.2 147.2 68 12.4 147.% 68, 21, 8, 3.8 141.3 30, 1:A, 15.2 145.7 95, 18.8 138.5 9u, I32. =I5,
1638182 12.2 145,1 7O 12.8 145.¢ 65. 35. L. 14,2 138.9 €3, 65, 6.5 132.8 90, 26,0 126.2 S55. 317. -ig.
1031882 13.2 143.1 7S5 13.3 1455 TO. 24. -S. 15.3 13%.4 S5. 79. 3.5 130.9 115, 23.5 129.8 185, S33. -S.
1831867 13.£ 141.1 €0 13.6 141.7 09. 35, 9. 16.43 133.9 6. 137. 21.1 129.0 j20. 3 26€.2 131.2 119, 749, 0.
1821122 13.7 1s9.4 085 4.1 1:2.3 65, 19, 8. 7.3 132.2 185. 101, £2.2 120.8 115, 27.0 134.2 18%. Y02, ~10.
1031182 14.8 137.8 96 13.8 137 % ©S5. 21. -3. 15.2 138.3 1:8. 103. 7.1 175.0 125, 21.0 122.2 i29. 434, -5
1181002 14,0 136.2 95 14,3 13¢.3 90. 1%. -5. 15.3 129.8 115, 1eQ. 19.2 125.% 130, 23,3 127.3 115, G2r. -S.
1191862 14.2 134.6 Y5 4.1 3134.6 9. 6. =3. 15.0 120.6 115, 107, 12,5 125.¢ 116, 22.2 127.3 189, S15. ~7%,
HO112Z 34,4 133,199 4.2 132,599, 37, 9. 1.6 126.4 163, 192, 1,8 125.% 95, 24.7 133.8 8u. 799, ~35.
1101182 4.2 132,80 9% 4.8 13t.8 05, 13, -1e. 7.2 12¢.8 gB. 102, 21.6 127.7 7S, 25.3 135.2 €9. 530, -a5.
119202 13.@ 131,2 95 15.0 170.4 085, a8, ~18. I7.06 12¢.6 EG. 221, 2.6 122.7 TS. 25.8 136.0 S5V.i0L6. =I5,
1172062 14,9 130.. 06 14.9 138.3 . 6. 15€. 19.t 126.9 70 22.0 124.7 68, 605, 1.
1102122 15.%9 122.3 105 13.2 139.4 104, L 146, 19.8 124.8 0. 2z.7 $20.2 60. SPa. 15,
1182185 14.7 120.6 185 15.2 1l¢.S 10%. 38. 25 29, 1£.9 124.2 2O, 22.6 127.5 €9. 35, 15,
1103507 14.2 128,01 118 14,2 128.3 116, 6. > 127.9 120, 15,6 122,23 185, i€.C 124.2  95. 203. 58.
1183062  14.2 122.3 110 14.4 i20.7 116, 25, £. 15,9 12£.0 n1s. 139, i7.9 124.3 103 .0 1234 9S. 3. S
1163107 14,4 176.7 1S 14,7 126.6 119, 19, B, 16.3 173.¢ 115, a7, 18.7 121.4 58 21.4 122.0 68, 13. 'S
1103182 14.6 175.8 120 14.6 1°5.0 11S. 12, -3, 15,0 12T7.5 110, 96. 37.6 121.2 B, 26.8 1718 6L, 127, 25,
1104902 14.0 124.8 120 14,6 24,9 115, 13, -S. 15,3 120.% 78, o4, 17.2 117.2 0. 20.3 115.2 65, 0. 25.
1103862 15.2 123.7 135 $4.9 123.5 DO, 21, =S, 6.3 1191 75, 09, i3.2 115.3 Js, é 3. 36.
1103122 15.8 122.3 120 14.7 12£.5 128, €3. 9, 7.2 118.3 ©0. 1L 9.5 1.5 8, 15.
194107 16.8 121.6 165 1n.8 *:1.2 108  23. ~5. 7.1 1i7.2 es. 228, 19.9 114.9 83, J 6 5.
1105092 16.3 120.8 CS 16.3 120.5 GS. 7 0. 17.9 116.3 en. 2i5, 28.8 t113.3 €5, S Wk 8. =C. Bl
1105862 17.3 120,57 S¢ 7.7 170.7 48, 24, =18, 22.0 121,89 I0. o4, 3.8 0.0 0. I A e. -0, 0.
1105122 18.3 120.§ 45 18.5 128.3 45. 16, a. 21.0 12A.8 3D, 126, a.e 9.9 o, 0. v 0. -G, 3.
1105182 19 2 128.6 45 1%.6 120, 45, 29, 0. I0.v 123.6 20. G5, 8.8 0.6 6. ¢ .0 6. -0. O,
118608 15.9 120.8 4 19,3 120.7 45, 8. 0, 2.2 122.% 45, 163, 2.8 0.0 0, .6 0.0 f, =D 0.
1106062 20.6 121.2 JI5 20.6 121.3 4. 6. =5, 3.4 125.4 2% ¢0. 0.8 8.0 A, AP LI A9 S Y- N ",
1106127 21.8 1222 45 21,3 122,335 13, -1, 25,6 128,48 25, 22, e.¢ 0.0 0. ge 5S4 0. -2, A,
1196187 22.4 123.3 30 22.5 123.6 23. 16. -15. 270 132.2 253, €4, 0.0 6.0 a. 8.3 2.0 9, -0. 9.
116788¢ 22.5 124.7 A 23,5 125.1 4D, 2. 8. 0 6.8 a, -0, 8.6 0.4 0. 8. ©v.0 ©, -0. G,
1187062 24.4 126.5 3% 24.6 126.5 0. 16. 5. 0.0 ©.e a. -0, 2.8 8. (. .t w0 2. -6, o,
1197122 25.6 125.8 35 5.3 128.5 35. 4. A, O 8.0 6. -0, 4.6 9.0 8, 6. 0.6 8. 0. o
1107182 2€.9 131.6 35 e.2 0.0 9. -e. 9. 9.0 @8 0. -0, 8.9 8.0 0. 6.8 0,0 0. -0, a,
ALL FOPLCHATS TYPHOCHS WHILE OVER 3% KIS
WG 24-MP 40-IR WG 24-MR  AD-HR 72-12
AVG FORECAST POSIT FPOOP 23. 131, 6. 23. 3. 286, 24,
AVG PIGMT fGLE ERPUR 14, 1. 215, 13, s, 215, <£05.
AVG INTENSITY MMONITUDE ERROR 4. 4. 23, o, 4. 3. | B
AVG IRTENSITY BIAS -2. 1. 3. 0. i . 1.
IRRBER OF FORECASTS 39 3z 29 37 et 7 23 23
“DISTANCE TRAVELCD BY STOPM IS 3228, nH
AVERPAGE SPEED OF STOPHM IS 3. FHOTS
¥ e RETTY
FIX POSITIGIS FOR LVILONE MD. 25
SATELLITE FIAXS
FIX THE Fix
[P o] POSITICH Aoy DVORAY TCLE SRTELLITE COITENTS SITE
1 T0iZu™  6.6N IS1L3E PLH O oTER PATY
2 P:2122  S,AM1S2,BE PLN S G PLTY
3 et LTHOISL 9 PN S HORAE PLTY
4 2TEARI H.dM PN S b 2223 PLTW
S 221208 T.SM PN O CTRE PeTU
& 23i¢ee  T.O0M Mo oTHER PeTU
7 o2B2218 7. 20N S 1EORRR PeTU
€ 2¥35a T.SM vt 0 T2.572.85 OQTHEP HIT 085 PLTY
9 23 6.3 Flu v OTHEF PGYJ
1 278316 9.an PLa 3 G PLT
11 23t PLH O oTHEP PET
12 2= PLN O OTHER PLTS
13 2 PIN € HEel? PRTL
14 2 PIN O ohtp PoTU
15 2 PLH S T3.5-3.5 /DL P2F5 KNG PG
15 3 L O oTHER PETU
73 PLN O oTER FoTu
18 3 LS TTROSN PETY
19 3ERve fLH D Oh® FaTU
26 3iDeS4 PCH S HRWH PGTV
27 3oieen PLh S TINOSH PCTU
22 3In258 L) OTHER PoTU
23 122133 FCH S Ta.574.5 DI.B/24HPS MIARS PLTY
24 1ining PN O GhEe PaTV
25 3iawsd PLHC TP PTU
26 3@l PLH 3 | aied PaTL
2T Iiue PG onge PyTY
23 31620 PLH O aTHER PHTa
2% iz 13,88 PN 3 @ePy? ATy
T e——— P N I P
= R S

L
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Fix
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Fix
POSITION

152 2€
13258

3 8
MOOC OO OMMMAMNMem kM MANOOVNOOQUUIUODILOIVW

Por:l
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P

;

oNE

i

75.575.5 -DI.O-25HPT

TE.8/6.8 ~U1.8,25HRE

16.576.5 /D, 57244K5

15.8/6.8 UL, 5/23HP%

13,673,842, 0725HRS
12.5,2.5

13.0/3.@
12.8/3.8 Ui1.8/23R5

T1.8/2.8 AlL.B/2&HRS

OTHER
NORAS
opER
OTHER
HORAL
aTHER
OnEr
HEWRE
OTHER
oTHEPR
onge

INIT GBS

INIT cBes

AIPTREET FIVES

TOND 85 MAX-SFC b
HLT 1S P VEL/BRG/RNG

102 30 290 128 323
39 933 140
3638 §33 35 278 18 36D
2024 & 108 208 2
2995 931 SoOMe 10 i1%®
2083 383 35 300 98 85w
2877 3
2332 931 58
27 %9
276h 953 a6
?736 388

5L thh 3%e 20 030

2759 862 1D sio

2795 ass
2742 128 272 22 ©i0
273& 938 e gve <2 i5m
an
553 358
are2 €9 299 i@ 2z
2653  3a8 BB 1SD 1T 23
2683 45 332 66 Bim
2883 isa
2458 3B 28
I3 826 66 27w 1 358
138 623 8 7o
2475 %28 139 BIE 16 ©iB
23183 328 320
2432
2967 987 25 02 a8 35D
ko] i3
3 TA~ - 4 3
2923 %%e 32 042 186 138
0 i
3017 =3 H
393z 8 esc 18 332
I35 3B 36e 5 L

169

2% 128
2@ 28
e 62
118 38
832 38
239 Se
ee e
320 2 -
283 1
230

W5 7
32
v SE
328 e
22 o
83 IS
(22 2]
280 7
3ie a¢
se o
3 13
e I3
it
5e 22
vz 1s
31 22
123 2%
® e
230 3te
2 Ead
833 187
223 12
oy Jo
2319 ea
389
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EYE
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RALAR FIXES

PR) B

ASLH#

347
353
20, %%
26 a3l
78,33
26-18
33007
13-%3
315
1332
1945

10438
HIFAS
119,
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BIST TPALY PUFPUSES.

PADAP
POLITION

(PR i
(L P L)
13,10
LN
3.0
14,14
16.31
.M
.1
1300
163

12000

14,14

£.3u

I

23.8C
123.0C
123.6C
125,08

123.0¢

120.5E
12068
128.5E

o
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30430
22333
98442
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TROPICAL STORM CARY
BEST TRACK DATA

BEST TRACK UARKING 24 HOUR FORECRST 48 HOUR FORFCAST 72 #DUR FORECAST
£RROPS ERKORS ERRORS
M/DAHR POSET WiND POSIY WIKD DST umd POSIT UIND  DST UInD POSIT UIND  DSY UIND POSIT UIND DST UIND
188182 13.8 124.5 25 0.6 2.8 ©. -8. 3. .8 0.0 0. -0. 8. 9.8 ©.8 8B -3, 6. 0C.6 8.8 @, -0. e.
1023¢32 13,9 122.5 25 @&.8 8.8 6. -8B, 8. .0 8.0 8e. -8. a. 8.6 8,0 e -0. ©. 0.8 0.2 ©. -0, 8.
1829862 14.5 121.6¢ 25 e.8 0.6 0. -0. a. 2.6 ©8.3 6. -9. ®©. 6.0 9.8 8 -5, & 0.0 @8 6. -8. 0. >
1029122 15.1 119.4 33 14.8 120.0 25. 39. -5. 16.8 !15.2 S8. 38. 15. 18.5 1!1.2 S5. 268, 2, 2.4 1O7.7 45. 457, 1S5,
1929182 15.7 118.0 35 !'S.% :18.3 48, 21. 5. 17.3 113.6 SO. 128. 15. 19.1 110.1 43, 3. 19, 21.1 07,2 48, G532, 15
1038082 16.1 117.8 35 6.2 §117.6 48. 6. 5. 19.9 113.2 58, 220. 15, 21,3 112.4 45, S0f. I0. 25.2 1it.7 2. 909. 0. -
1038062 16.3 116.2 35 16.8 115.7 SO. 41, 1S. 9.8 112.9 €0, 277. 25. 22.D 112.% S&. 489, 0. 0.0 0.0 5. =0. A
183612 16.3 115.6 35 17.8 114,7 S5O. iM3. 5. 21.2 112,84 S55. 388. 20. 23.6 113.2 S8, 651. 28. 8.6 o.8 8. -0. @,
1838482 16.2 115.2 35 16.5 i114.9 48, 34, 5. 7.6 112.1 35. ICL. . 1B.7 j09.4 3B. 376. 5. 0.8 8.8 9. -0. 0.
1831887 15.6 114.7 35 16.9 iis.2 45. 63, 18, 18.2 iit.4 490, 218, 5. 19.5188.9 3@, a3, 0. ©.0 8.8 ¥, -8. 8.
1831262 15.3 11401 35 15.6 114.3 45, 21. 18, 15.8 112.2 4. 138. e, 8.6 es8 ¢, -8, e. ¢.0 o©0.2 @e. -8 @
1031122 14.6 1136 35 15.2 113.2 45. 33, 18. 4.2 109.9 36. 103. 8. 8.0 0.0 &. -2, 8. 8.6 8.2 8. -6 9.
1031182 13.7 112.8 35 4.7 112.4 35. 35. 8. 14.5 187.6 20. 156. -S5. €. 2.0 8. ~-g. 8. 0.8 8.8 . -2. 6.
1101882 14.6 112.¢ 35 14.3 :12,7 35. 44, e, 4.2 103.5 38. l46. le. .6 8.6 @ -8. 8. 0.6 .6 0. -0, 0.
1181062 13.9 111.1 38 143.S 111.8 35. 36. 5. e.0 0.8 €. -8. & 8.8 0.0 8. -5, 0. e.e ©.¢ 9. -0, 8.
1181122 13.1 118.1 39 13.6 1:18.3 30. 32, e. ey 6.0 0. -0. 8. ©6.86 0.2 8. -9, 0. 0.8 8.2 3. -0. a.
1181182 12.4 189.2 25 12.5 199.2 25. (8 0. .0 0.6 8. -8. 8. 6.6 e g, -2, @ 0.8 uv.8 3. -0. 0.
11e2gez 11.9 198.2 28 ¢e.¢ o©.2 0. -B. [: 8 2.0 0.0 8. -8. 8. e.0 o8 e -0. o, 8,0 p.2 8. 8. O.
/L FORECASTS TYPHOONS UAILE OVEP 35 TS
URNG 24-HR  48-KR 72-HR g 24-HR  43-W" 72-MR
RYG FORECASY POSIT ERROR 38. 160. 421, 638. a. 8. 8. a.
AVG RIGHT AMGLE ERPOR 27. 158. 358. S48, 8. e. 8. e,
AVG INTENSITY MAGNITUDE ERRGR 6. 1. 14, . a. 8. 8. 3.
AVG INTENSITY BIAS S. 18. 14, 1e. 3. e. 0. a.
NUTBER OF FORECASTS 14 31 7 3 2 ] [:] -] =z
DISTRCE TRAVELED BY STORN IS 1869, N1 H
AVERASE SPEED OF STORM IS 18. KNOTS _
TREPITAL STCPTY CARY L
Flx PCSITIONS FOP CYOLONE 1. 26
SATELLITE Fi2eS :
FIX Tire FIX
6. 2y POSITION ALCPY pvoPax (G SATELLITE COITENTS SITE
« 1 281120 11.4M 124.6E PIN S HOARE PoYTU z
* 7 282359 14.7H 123.6E PLn S 106 [ 4 R
3 232884 IS.OM 121.1E PIN O JINER PLTU .
4 291858 IS.4N 118,68 PN S PGIV
5 291680 15.7N 118.7€ PCN C OTHER el =
€ 2931953 16.9N I17.SC PLM 6 TIRUSN PLTY
7 232188 17.2M 116.7 Mu O OTHER PLTY
8 292337 16.IM 116.5 PN S T2.52.5 NGy INIT OS5 PGTY
8 322808 56.5M 116.2e PN O OTHER PETY
18 3I2a382 16.8N 116.3E PLN O OTHER (g 1Y
11 320583 12.8h 116,28 PN D oTHER PCTV
12 323211 I7.7N 114,58 PIN S HORAG RODH
13 30:¢ $7.MM 11R,S8 PH D [+21,4-4 PoTU
1 15.94 113,88 PIN S TIRNSN  IND T 1est n1etE oMmx
15 16.78 IIS.IE PN S TIPUSH (<31t
16 15, 114,78 PN G OTHER PGTU
124 15.94 113.;E PIN G ODER PeTUY
18 15.88 114,86 PIN S TIROSY  PRILY EXPSDH LLLC [ o S
19 1S.08 113,68 PLN O QTHER PeTY
2t 14.54 11368 An D OTHER PeTY
H 14,45 113 PLN D oneER rPETY
22 14.m PLN O oner PETY
23 22112 145N PIN 6 TIPOSN L2 3
24 BRI AN My 3 T13.es3.8 LRk IMIT 825 e 4
25 @IEEB  14.6n PIN O OTHER PLTL
26 @IER15 13.5M JIB8.SE PIN S TIROSH RPTK
27 BIeeEE 13.6N JI1.2E PN G OMER PaTY
I8 BIIi3! 13.2N I3B.JE PCH S NOAS Losa
29 211288 13.IN 1E9.7E PN O OTHER PETU
38 BIIEE2 12.6H 189.7E PN U OTHER PETU
31 erzi@r 11.SN I08.3E PIM S TIR0SN Lo ¢
AIPCRAFT FIXES
Fix TitE Fix FLT  JONE 0BS MROLFFO-AND IRX-FLY-LWL-LMG  aCRY £YE EYE ORIEN- £YE TOP (C) mu
L P #4] ITION AN WGT ISLP  VEL/BPLRNS  DIR/VEL/BPUAS MAVAET SHAWPE BIRVTATION DuT- (N7 5P/S57 0.
1 268534 T.BN 136.& IS8T 1087 2SE%3 78 670 2833 55 B @ 24 425 *23 209 1
2 232354 15.IM MIT.0E  ISEFY 959 O3B LD SYL WL EIS 1| RIS S 1 475 026 23 1
3 321825 16.IN 1IS.SE TexE 1350 (091 ess B33 BE ESE S5 S +33 +1D 2
TICE ~ THE ASTERISES (#) INDICATE FIXES LBFEFRESINTATIVE RNG NOT USED FOR GEST TRalx PURPUSES.
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BEST TRACK

TN POSIT UIND PCSIT
20

1118862 4.3 1ge.t e.e
118122 3. 1775 28 6.8
1118182 2.8 175.7 ¢ 6.0
1119882 2.2 173.9 228 9.8
1115862 2.7 172.3 20 8.2
1119122 3.3 178.86 20 8.8
j119182 4.0 189.5 25 a.e
1126282 4.8 168.1 25 6.@
1128252 5.7 156.5 38 8.
e 7.3 1842 3@ 0.8
1128182 8.6 152.€ 35 9.9
1121882 5.5 168.1 <@ 9.8
2B 19.2 157.7 &5 19.%
1123122 10.5 155.5 S5 10.8
1171187 19.8 153.5 65 11.8
1122882 11.7 151,85 7€ 1.3
1122262 13.1 133.9 75 13.8
1122127 4.2 147.3 05 14,0
1122182 1S5.1 145.3 160 15.2
11228082 16.2 3145.T7 99 16.2
123867 17.4 144.2 190 16.2
1123122 18.7 143.8 95 18.€
1123100 28,2 1231 IS5 2.3
$122202 21.4 133.2 @ 21
1125262 23.9 135.3 65 21.2
1124127 23.6 133.7 88 245
3124182 26.6 1515 7O 25.%
1125882 27.3 155y 60 27.5
1125862 28.8 155.5 S0 29.9
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TROPICAL STORM ED
BEST TRACK DATA

BEST TRACK UARNING 24 HOUR FORECAST 43 HOUR FORECAST 72 HOUR FORECAST
ERRORS ERRORS ERRORS
MO/DAAHR POSIT  WIND  POSIT  WIND DST WIND  POSIT  WIND DST WIND  POSIT  WIND OST UIND  POSIT  WIND DST WIND
1214802 9.5 138,89 1S €. 0.8 6. -6. ©. 0.0 06 0. -0. 9. 0.6 6.0 2. -B. 8. 0.2 ..8 ©. -8. 0.
1214962 18.3 13,5 15 ©.8 .0 9. -0. ¥ 6.0 8,0 0 -8. ©. 6.0 8,8 9. -8, 0. 0.8 . .8 8. -9. 9.
1214127 10.7 135.4 15 0.0 0.6 9. -8. ©. 0.0 9.6 9. -9, 9, ©.0 V.0 ©. -8. B, ©.0 6.0 9. -8, 0.
1214182 11.2 1339 15 8.6 0.8 9. -0, @ ©0.8 8.8 6, -A. € 0.6 8.6 8. 8. 9. AL 0.6 8. -d. 0.
1215682 11.4132.7 20 0.8 9.8 0, -8. ©. 0.0 0.0 B, -8, € 0.6 0.8 8. -b. 8. 6.8 0.8 9. -0. 9.
1215862 11,7 131.5 25 ©.8 @8 ©0. -0. © 64U ©.6 0, -8, ©. 0.8 0.0 0. -8, O 8.9 0.0 6. -8, 6.
1215122 11,9 170,7 35 9.8 ©.8 9. -0. ©, 0.8 0.8 0. -0, ©O. 0.6 €0 8. -9. V. 6.8 0.8 ©. -0. 0.
1216182 12.1 129.9 46 6.6 6.8 0, -0. ©. 9.0 6.8 6. 6. ©. 0.9 0.0 ©. -0, 9. 0.8 €.0 e. -8. o.
1216802 12,3 129.2 45 9.8 0.6 ©, -6, ©. 0.6 0.0 0. -8, ©. 9.0 0.8 8. -8, 0. 0.8 6.8 9. -0. O,
1216062 12.7 126.5 58 12,8 120.5 49. 6. -18. 14.3 126.0 %9. 96. Ib. 15.6 123.7 45. 232. 19. 16.5 121.3 25. 374, -15.
1216177 13,1 126,80 5@ 13,2 127.8 40, 13. =18, 14,8 125,2 0. 14%. 15. {5 2 122.0 S0. 282, 10. 16.8 120.0 30. 442, -S.
~§127.8 S0 13.4 127 6 50. 13, 8, 14.9 125.7 59. 129, 5. 15.. 124 2 45. 233, S, 17.0 122.1 25. 360. -18.
127.7 45 13.8 127.1 59, 37. S 15.4 125.5 S@. 155, 1S. 16,5 123.8 48 259, ©B. 0.8 ©.8 ©. -8. 9.
- 27,5 4b 13,7 127.2 S0. 18. 16. 15.0 125.9 0. 115, 15, 1R.5 124.1 40. 237, ©. 17.5 121.8 25. 433, -19.
et 27.4 35 13,9 126.86 S8, 42. 1I5. 15.2 125.4 30. 137. 10. 16.? 123.8 49. 246, S. 0.8 €.0 ©. -0. ©.
o 20,3 35 14.3 126.6 45. 6/. 1lu. 16.8 124,9 49. 23t. O, 17.1122 9 30. 322, -5. 6.2 A0 ©O. -6, O.
* 22,2 35 14,4 125.6 45. 181, 18. 15.8 124.3 45, 212, S, 17,2 12,5 40. W1, 5. 0.8 6.0 8. -0 ©.
* 122,80 35 13.7 127.0 45. 16. 18. 14.7 125.8 45. 94, 5, 15.7 124.5 49, 245, 5. 0.0 0.8 0. -B, O,
“ 2.5 122,0 48 13.9 126.9 45. 25. 3. 15.2 125.5 45. 115. 10, 16.1 123.6 40. 296. 10. 0.8 0.0 ©. -8, 9.
T/ 13.7 127.3 40 14.0 17,5 45. 21. 5. 1é.1 129.3 40. 160, S. 16.2 133.5 25. 493, 6. 0.0 0.0 ©. -0. 6.
1219082 13.9 127.4 4@ 14,6 127.6 45. 43, . 16,3 123.8 40. 137, S. 0.8 9.6 ©, -0. 0. 0.8 0.8 ©. -2, 0.
1219062 13.9 127.2 40 13.8 127.3 45. 8, S, 14,8 126.7 35. 113, @. 0.0 0.0 €. -0. ©. €8 0.8 8. -0, O.
1219122 14.2 127.2 35 14,0 127.1 45. 13. 10. 14.7 126.5 35. 120, 5. 8.8 ©.0 ©. -8, ©. 0.6 ©.0 8. -8, 0O,
1219162 14,5 127.8 35 14.3 127.4 40. 26. S. 15.2 126.0 30. 17l. S. 0.8 8.6 ©. -8. ©. 0.8 9.0 ©. ~-0. €.
1220682 14.1 128,1 35 15.2 128.1 35 66. ©. 1h.1 127.8 25. 249, S ©.8 0.0 0. -c. ©. 0.3 ©.8 8. -8. O,
1220862 13.4 178.8 35 14.2 122.8 35. 49. 0, 0.8 0.0 A -8. ©. 0.8 6.0 ©, -0. ¢. ©.6 ©.06 0. -0. O.
1220122 12,9 127.7 3@ 14.4 127.6 35. 9. 5. 0.8 0.0 €. -8. ©. ©.0 8.8 8. -8. ©. €.8 0.8 fh. 0. 0©.
1220182 12.4 127,4 25 14.4 127.6 35. 120, 10. ©.0 0.0 6. -0. ©. ©.0 A0 ©. -0, 0. 0.8 .8 O. -0. O.
1221882 12,0 127.0 20 1., 16,8 25. 13. S. ©6 8.6 © -B. ©. 0.8 ©.86 ©. -3, ©. 0.8 0.6 0. -0. 6.
ALL FORECASTS TYPHOO'S WHILE OVER 35 KTS
WRHG  24-HR 48-HR 72-HR WRHG  24-HR 48-HR 72-HR
AVG FORECAST POSIT ERROR 4. 146, 292,  402. 0. 8. 0. 0.
AvG RIGHT ANGLE ERROR 21, 120, 262. 378, 8. S, e. 0.
AVG IHTENSITY MAGNITUDE ERROR 7. 8. s. 10, 8. . o. 0.
AVE INTENSITY BIRS 5. 8. 4. -t0. 2. 0. 8. o.
NUMBER OF FORECASTS 20 16 1 a e 8 [} 0
DISTANCE TRAVELED BY STORM 1S 967. Ni1
AVERAGE SPEED OF STORM 1S 6. KNOTS
TROPICAL STURM ED
Fix POSITIONS FUR CYCLONE NO. 28
SATELLITE FIXES
FIX TRE FIX
NG, (D ©0SITICN  RCCRY  DVORA¥ CODE SATELLITE COITENTS SITE
| 140000  9.9% 138.0E PCH O T1.8/1.0 OTHER  IMIT 0BS PEIL
2 140308 10.0N 137,36 PCN O OTHER PG
3 141200 10.5N 135,48 PIN G OTHER PGTL
4 141600 11.38 13456 PCH O OTHER PGTU
S 132180 12.8N J34.1E  PLN O DIHEP PATL
6 142314 12.7H 133.8F PON S T2.8/2.0 /D1 B/23HRS NURAG PGTLY
7 150060 12,3 133,32 PR 3 OTHER PalL
8 156309 13.0 133.0 PLN O OTHER A
9 151021 7.4 179268 PCN 6 nOARG PGV
18 151698 3a.5N 138 OF  PCH O OTHER PGIY
J1 552252 12.0M 122,16 PCh 5 T1.8¢2.0 ~J1.8/24dRS HOARE PG
12 160000 13.8H 129.9E PCH O OTHLR POTY
13 160909 13.48 127.6€ FCH O OTHIR PGIY
16 161200 13.5M 1275  PLH D OTHER PGIY
15 162100 13.6H JR7.3E  PCN O OTHER PGTY
16 1,6000 13.7R 127,08 PLN O ATHER PLT
3 120810 13.8% 122.1t PCH S NOANE RaDH
1B 170976 14.8M 12G.7€  PCH O OTHER PGTU
19 71180 14.7N 127.2f PEN S *HUASE PATY
20 171208 1S5.8N 127.4E PCH O OTHER R A
21 171608 12.64 125.9€  PLN Q OTHER PuTY
22 172180 14,34 176.3€C PCH O OTRER POLTLY
27 170348 14.6N 125.7€  PCH S 13.8/3.0 NORWG  IHIT 0BS PaTY
3 180300 13.88 107.0% PLN G OTHER PGTIY
25 131045 13.7H 12..2E Lot - HOARG S A
26 181046 13.7% 127,26 PN S LOARG RubH
27 191Pd6 'a.0n 127,86 PCH S u0ARS PRI
28 181208 (3.7 127.0F PON O OTHER PGIU
29 191608 1430 127.7€  PIH O OTHLR PoTw
30 162180 10.44 127.4E  SCr O OTHER  ULCC IS.d 122.5 PETY
31 18225 100N i27.8E PCN S 12.6/3.0 «U1.8/24HRS HOARG PR
3T 10S08  16.1N 127.9E PCH O OTHER PGIY
3191023 15.24 127,80 PCN S NGARG PGV
73 1923 15,84 127,k PCH S HOARE 21N
'S 121200 §J.7H 328,16 PCH O OTHER PriL
J€ 1921M8 17 SN 129.°E  PCH O OTHER paTw
37 19303 1 128.8€  PCH S T2.042.0-/51.0/24HRS KOAAG Py
3§ 700608 L% e8.0E  PLH O OTRER PGTY
35 200006 , 1.3 26.8€  PCH O OTHER PG
249 201142 1u .o 128.0E POH S HOARG ROIE.
41 201608 14.7N 122.5F  PCH O OTHER PO
17 202248 12.0M 126.98 N 3 T..0-1.0 AUL.0/Z4HRS NUAARE  LL EXPOSED PGTY

174




AIRCRAFT FIXES

FIX TIE FIY FLY 7ACMB 0BS MAX-SFC-UND MAX-FLY-EVL-WHD  ACCRY EVE E€YE ORIEN- EYE TEWP () MSH
: (311 T 9 ] POSITION L HGT MSLP  VEL/BRG/RNG DIR/VEL/BRG/RNG RRVAET SHRPE DIAM/TATION OUY~ 1H/ DP/3ST KO,
1150458 11.78 131.7€ 1S80FY 1084 35020 20 156 32020 20 2 3 +25 425 402 1
: 2 160320 12.6N 128.9% 1SOOFT 58 098 15 6@ €089 IS 6 S 423 426 426 28 2
3 161315 13.1N 127.98  7e0rE8 3049 240 33 140 43 10 8 3
4 161618 13.68 127.88 78at8 3937 826 50 3A@ 35 10 18 +12 +15 ¢ 7 3

S 170316 13.5N 127.4E 7eer® 3Ju25 991 S8 @60 10 eshy 33350 1S 8 2 +11 +15 +10 4 -
6 121341 13.3N 126.9€ 70erB 1040 120 30048 35 18 S 5
7 171558 13.5N 127.3E 7per8 3032 992 350 32290 120 10 S +13 +1d +11 Bl
i 8 100304 13.48 127.1€ 7eers 3024 992 35320 75 €28 S1330 W0 ¢ 3 +18 +14 +10 13
H 9 181348 13.8N 127.5€ omB 3032 349 40248 30 5 S i
2 18 181555 13.9H 127.5€ 7osrB 3016 991 298 58288 15 S5 8 +1d +14 418 T
i 11 190245 13,94 127.4E 7eet8 362 40 360 10 o886 32 300 18 3 2 ]
N 12 190413 13.9M 127,38 7veor8 3021 989 35630 1S 200 32100 18 3 2 “13 +17 «18 8
12191348 14.2N 127.26 7eutB 3064 €8 22020 30 18 S 9
14 191543 14.5N 127.7€ 76218 3067 999 238 32150 S8 6 S5 +12 +12 412 9
15 200236 13.94 128.1E 76orB 3866 45 300 S0 210 20328 43 10 o 10
16 200420 14.0H 128.0E 703rB 3D65 935 49 150 18 270 23 168 %3 10 5 +15 +17 +11 10

H SYNOPTIC FINES
“ E
% FIX THE FIX INTENSITY HNEAREST
§ NO. (D) POSITION ESTIMATE  DATR (KH) COIMTERTS
i
H 1 160ped 12.6H 129.8E 20 60
H 2 181200 13.5H 127.0E 35 20
] 3 21ce8d *2.0N 127.8E 30 30
H

M NOTICE = THE ASTERISKS (%) INDICATE FIXES UNREPRESENIARYIVE AND HOT USED FOR BEST RACK PURPOSES.
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2. NORTH INDIAN OCEAN TROPICAL CYCLONES

TROPICAL CYCLONE 23-80
BEST TRACK DATA

BEST TRACK UWARNRING 24 HOUR FORECAST 48 HOUR FORECAST
ERRORS £RRORS ERRORS
s 1T UIND  DST WIND PO

t0/DR/HR  POSIT WIND POSIT WIND  DST UIKD P ST UIND DST UIND
.3 208 -8. 8. 8. -8. 8.

1112822 11 24.8 9.6 0.8 . 8.6 9.8 « 8, 8. 0.0 0.8
1112882 11,3 74,1 28 ©.2 6.0 8. -8. ©. 9.8 0.8 V. -0. 6. 8.0 9.0 ©. -8. 9.
1412142 11.4 23,5 25 0.0 9.6 6. -8. ©. ©.8 8.8 J. -0. B. 0.0 0.8 O. -B. 0.
i1122e2 11.5 73.6 25 .8 0.8 ©. -8. 6. 9.8 e.8 O, -0. ©. 8.8 8.0 6. 0.
1113022 1.6 72.5 25 ¢.6 e.8 8, -8. 8. v.0 o8 @, -8. 9. 8.6 8.8 0 9.
1113882 11.8 72,0 25 9.8 6.8 6, -8. ©. 8.8 8.8 8. -8. 8. 0.8 8.8 0. 8.
1113142 12,0 71.6 25 6.6 6.8 6. -8. 0. 8.8 9.8 8. -8. 8, 8.8 8.0 6. 8.
1113282 12.2 71.4 25 0.0 6.0 O. -6. ©. ©.06 0.6 8. -0. ©. 0.8 8.0 O, 8.
1114822 12,4 71,1 25 o©.6 e 8, -8, ©. €.8 6.8 ©. -8. 8. 0.8 ¢€.6 0. 0.
1114082 12,7 7e.8 25 ©.0 0.6 ©. -8. ©. ©.8 8.8 8. -8. ©B. ©0.8 6.0 O 0.
1114142 12,9 ?8.6 25 .0 8.8 ¢, -3, B, 8.8 6.2 98, -8, 8. 9.6 0.0 6. 8.
1114282 13.% 7.3 25 2.8 9.2 ©. -6, 6. ©.8 8.8 ©. -B. ©. 6.6 9.8 0. .
1115822 13.5 65.9 33 0.0 ©.0 ©. -8. 6. 9.9 6.6 9. -6. 0. 8.8 0.8 0. 2.
1115882 13.7 69.7 33 0.0 ©.8 6, -8. O, 8.9 0.8 0. -8, ©. 9.8 8.0 6. 0.
1115142 14,1 69.5 3@ 0.6 8.0 0. -9, 9. @.8 0.8 8. -9. 8. 6.8 ©.0 8. B.
1115202 14.4 69.1 32 6.8 8.6 o, -8. 6. 8.8 6,8 8. -0. 6. 0.9 8.8 0. 8.
1116822 14,7 68.7 38 ©.6 v.6 ©. -38. 6. ©.0 8.6 8. -8, 6. 3.8 8.0 0. 8.
1116882 14.3 68.4 3 6.6 8.0 O, -a. 8, 8.8 0.8 8. -8. 8. 0.8 8.9 6. e.
1116142 15,0 68.0 36 8.8 0.0 ©. -8, 8, 9.8 0.8 0. -8. B. 0.8 0.8 8O, 0.
1116202 15.2 67.6 3 0.9 ©.8 ©. -8, ©, 9.6 6.8 ©. -8. ®. 0.6 0.8 O. 0.
1117922 15.4 67.1 35 ©.6 8.8 8. -0. 8 6.9 0.8 8. -8. 8, 0.8 8.8 8. 0.
1117882 16.t 66.7 35 ©.6 8.0 B. -9. O 8.6 0.6 8. -8. 9. 8.8 0.0 8. €.
1117142 16.9 66.6 35 15.9 €6.4 3S. 64. O, 17.8 65.1 4B, 220. 18. 6.8 ©.8 0. 6.
1117292 17,6 67.2 35 17.3 67.4 35. 21. O, 19.1 69,8 35. 45, 18. e.8 8.8 9. 0.
1118922 18.2 67.6 35 17.8 67.9 35. 29. 8. 17.8 67.9 30. 169. 1B. 0.0 6.8 8. 8.
1118082 18.7 668.2 38 8.1 68.4 35, 38, S, 19.8 71.2 38. 46. 18. 6.6 8.8 0. 8.
1118142 19.2 606.7 38 19.2 60.8 30 6. 8 9.6 6.0 ©B. -8, 8. 0.6 0.8 O, 9.
1118202 13.6 69.2 25 19.8 63.4 38. 16. S 8.6 0.6 6. -8. 8, 0.8 8.0 8. 0.
1119822 19.9 69.9 20 28.8 69.8 25. ®. S. 8.8 9.8 8. -8. ©. 8.8 0.0 0. 8.
1119882 28.4 28.7 20 20.3 78.7 20. 6. @ 8.6 0.0 8. -8. P. 6.0 0,8 8. 8.
ALL FORECASTS TYPHOONS WHILE OVER 35 KTS
URNG 24=HR 48-HR 72-HR LRNG 24-HR 48-HR 72-MR
AVG FORECRST POSIT ERROR 24, 128, 8. 8. a. 8. 8. a.
AVG RIGHT ANGLE ERROR 16. 66. 0. 9. 8. 6. 0. 8.
AVG INTENSITY MAGNITUDE ERROR 2. ie 8. 8. a. 8. 8. a.
AVG INTENSITY BIAS 2. 18, 8. 0. 8. 8. a. 9.
HUMBER OF FORECASTS ] 4 -} 8 L] 8 8 ]
DISTANCE TRAVELED 8Y STORM IS 943. N1
RAVERAGE SPEED CF STORM IS 5. KHOTS
TC23-68
FIX POSITIONS FOR CYCLONE HO. 23
SATELLITE FIXES
FIX TIE FiX
N0, (D POSITION aCCRY DVORAK CODE SATELLITE COLTENTS SITE
f 120211 1130 74.7E PLA S T7.8/2.3 ROARG INIT 08S KGC
2 138248 117N 72.26 PLH 5 T1.5/1.5 /U8.5/24HRS HNOAARG KGWC
x 3 (4847 1374 60.1F  PIN 6 Ti.5/1.5 /S8.B8/724HRS HORRS KGUC
4 141585 12.8MN 78.4E PIN 6 HOARS KGUC
5 15034% 13.54 69.9E PLn 6 Y2.9/2.0 /UB.5/24HRS NOAAG KGUC
6 151443 14.88 63.%W PIM S KOARG ¥GUC
* 7 168322 14.8H 69.5t PIN S T2.0-2.8 /SO.RA/24HRS HKOARG KGUC
8 161428 15.I!N 68.4E FIN 6 NOARS KGLT
9 176288 15.5N 67.1C PCh 5 T2.5/.2.5 /DB.5/24HRS HOAAG KGUC
18 121539 7.8 62.2E PIN 6 HOARG KGUC
11 188418 18.5M 67.5€ PCN 6 T1.3/22.5 ~UL1.B8724HRS HORAS KGLC
12 iB1516 18 9% 68.6E PCN 6 NORRE KGUWC

ROTICE ~ THE ASTERISKS (= INDICATE FIXES UNREPRESENTATIVE AND MOT USED FOR BEST TRACK PURPOSES.
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OST WIND
-8 9.

-0.
-8,
-8.
-8.
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9.
8.
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1210067 8.3 92.0
12Z2mial 8.9 929
202 2.1 3.4
1I21wez as 23,5
1211907 9.7 3.0
17111 A7 92.8
1231207 o925

128028
| b PR 140
1212447
1212280
121367
1218042
124312
121507
1214028
1214617
121414~
a0k
1219922
121
1215142
1212
171782,
1210330
1216142
17tA 97
1718327
121i03¢
171
1217782
121307
1210072
1213147
12135
1219022
1210032
1210142
1289292
1220022

AVG FORFEAST POSIT ELKOR
AVE PIGHT ANGLE LRRY™

e

L4

I T TN IR R R T Y

QUOELN™N NS IO@D

920

EFRORS

WRNIKG

POSIY uinp  psr
0.6 0.0 -8,
g 0.0 =0,
6.0 6.0 -0,
an o8 -0,
.t o -0.
0.0 2.0 -0.
0.8 2.0 -,
u.e ».e =B,
8.8 u.0 -0,
e o -0.
€8 e ~-0.
(L0 1 1) -,
6.8 0.8 -0,
4.4 H.0 -8,
9.0 0.0 0.
6.0 0.0 -0,
w.e o0 =U.
6.6 U.n -,
9.6 v -0.
u.n nn -,
8.8 0o =,
0.8 Y] -H,
¢.8 08 =N,
8.8 0.0 -,
8.0

8.2

8.1

41

.3

a.n

2.5

0.0

0.9

a.e

8.0

e.e

e.¢

0.6

2.8

0.9

AV THTLHSITY INGHITUDE ERFOR
AVG INTENSITY BIAS
HRTLK OF FURLCASTS

DISTARHCE TRAVELED BY STORM 15

AVLFAGE SPEED OF STORN 15

Fix
NO.

* "

WU L WN -

THE
2

181208
118828
118225
118688
118588
111288
128203
120300
128600
122100
138140
138388
taa11?
121358
158855
158303
151608
1€9214
j68388
168688
161200
1€1688
162189
172800
178308
171288
171431
171688
168668
1689588
288343
288406
21384

DNLVLLVLLREDODS

=5

Wobereobzobhybl

11.08

WRHG 24 MR 4%-HR 72-MR WRHG
G%. 189, 167, .
L5 1. 1.6, 9.
3. 5. 15, 8.
3. 2, 15, 0.
6 3 1 8
2016,
9. KHOTS
TC27-89
FIX POSITIONS FOR CYCLONE NO. 27
SATELLITE FDES
RCCRY pveenk CODE SATELLITE COTTENTS
PIN O OTHER
PCN O OTHER
PCN 6 TI.5/1.5 HORAG INIT 085
PN G T1.0/1.8 OTHER INIT 085
PLN O OTHER
PCH O OTHER
PCH S T2.8/2.8 /DB.5-24HRS KORAG
PCH O T1.871.8 /50.8/21HRS OTHER
PCN O OTHER
PCN O OTHER
PCH S 72.0-2.8 /59.b/24HRS NORAG
PLK O T18.5/8.5 AB.S/244RS OTHER
PCH 5 T1.5/2.3-0.5724HRS  NOARG
PN 6 HOAAG
PN 6 T1.5/2.0-A8.5/244RS NOARG
PCN O Ti.0r1.0 OTHER INIT 08S
PLH O OTHER
PLH S T2.8/2.8 /DB.5 NORAG
PN O OTHER
PCH O T2.5/2.5-/D1.5/27HRS OTHER
PCN O OTHER
PN O OTHER
PIN O OTHER
PIN O OTHER
PLN O OTHER
PN D OTHER
PIN G NORAS
PN O OTHER
PCH O OTHER
PLH O OTHER
PCH & 71.8-1.0 /S8 NOARG
PN S T1.871.0 /S8 HOARG
PCiL 4 Yi.Br1.8 /S RUARS

ALL FORECASTS

TROPICAL CYCLONE 27-80

BEST TRACK DATA

24 EQUR FORECASTY

ERGUPS

POSIT WIND  DST WIND
8.6 0.0 0. -0. @
a6 6.8 6, -0. 0.
9.0 w0 0. -~u. 0.
8.0 6.0 0. -0. 0.
8.4 0.0 9. -0. 0.
8.4 a9 o, -8. 0.
0.9 0.0 0. 9. O,
00 0.6 9., -8, 0
a9 6.8 0. -0, 6.
2.9 0.6 0. -8, A,
a4 0.8 8 -0, 9,
.0 0.8 6. -0, 4a,
2.9 @0 . -0, 6.
o.6 ew o -, Q.
.6 0.6 0. -0, o,
s w0 0. -na
L N N LS
et 6.8 o, -6, 9,
s.8 ot 9, -b. 6.
6.3 8.8 0. -8, 0,
9.7 0.8 B, 0.
e 9.8 d. -b. .
[P B Y N L N
4.9 a8 0. -8, o,
0.8 A8 N, ew, U
8.6 0.8 3. 83, GO,
8.0 .l e, /3. 7.
18.0 72,6 28, 167. =5,
e.5 0.0 o0, -8, 0o,
6.0 0.8 9. -3, 0.
am .8 8, -8. B8,
wi 0.8 3. =B, @,
ae 8.0 0. -a, 9,
0. 8.0 9. -8, 0.
8.6 0.8 @O a9,
9.0 e 0. a.
0.0 0.0 ©. 8.
8.0 0.0 o, n,
8.0 6.8 ©O. 0.
8.9 0.8 ©O. U.
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DST WIND
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SYHOPTIC FIXES

FIX TItE FiX INTENSITY HERREST
NO. (D) POSITION ESTIMATE DATR (M) COMENTS
1t 171289 8.8M B1.6E 25 36
2 188829 7.5H ?7.SE 28 30
NOTICE - THE ASTERISKS (%) INDICATE F1.E5 UNREPRESENTRYIVE AND NOT USED FOR BEST TRACK PURPOSES. ¢
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ACCRY

ACFT

ANT
APT

ARWO

ATT
AVG
AWN

BRG

CI1
CLD
CLSD
CNTR
CPA
DEG
DIAM
DIR

DMSP

ELEV
FLT

GOES

HGT
HPAC
HR
HVY

ICAO

IR
KM
KT

LLCC

APPENDIXI

CONTRACTIONS

Accuracy LVL
Alrcraft M
Automatic Data Processing M/SEC
Aircraft Weather Report(s) rax
(Commerc:al and Military) uB
Antenna MET
Automatic Picture Transmission MIN
Aerial Reconnaissance Weather MSN
Officer ;
Attenuation NRV
Average NAVPGSCOL
Automated Weather Network NEDN
Bearing NEDS
Central Dense Overcast NEPRF
Current Intensity
Cloud NESS
Closed NET
Center M
Ciosest Foint of Approach N/0
Degree(s) NOAA
Diameter
Direction NRL
Defense Meteorological Satellite NTCC
Program 0BS
Elevation PCN
Flight PSBL
Geostationary Operational PTLY
Environmental Satellite
Height Quap
Mean of XTRP and Climatology RADOB
Hour (s) RECON
Heavy RNG
International Civil Aviation SAT
Organization SFC
Infrared SLP(MSLP)
Kilometer(s)

SPOL
Knot (s}

SRP

Low-Level Circulation Center

179

Level
HMeter (s)

Meters per Second
HMaximum

tillibar(s)

Meteorological

Minimum

Mission

Navigational

Naval Postgraduate School

Naval Environmental Data Network

Naval Environmental Display
Station

Naval Environmental Prediction
Research Facility

National Environmental Satellite
Sexrvice

Near Eguatorial Trough
Mautical Mile(s)
Not Observed

National Oceanic and Atmospheric
Administration

Naval Research L ooratory
Naval Telecommunications Center
Observation(s)

Position Code Number
Possible

Partly

Quadrant

Radar Observation
Reconnaissance

Range

Satellite

Surface

Sea Level Pressure {(Minimum Sea
Level Pressure)

Spiral Overlay

Selective Reconnaissance Program
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SST

3
L]

TCARC

TCFA
TCM
TD

TIROS

VEL

vis
VSBL
WESTPAC
wMO
WND
WRS

XTRP

3]

Stationary

sea Surface Temperature
Super Typhoon

Tropical Cyclone

Tropical Cyclone Alrcraft Recon-
naissance Coordinator

Tropical Cyclone Formation Alert
Tropical Cyclone Model
Tropical Depression

Television Infrared Observation
Satellite

Tropical Storm
Typhoon

Tropical Upper Tropospheric Trough
(Ssadler, 1976)

vVelocity

7isual

Visible

Western Pacific
World Metecrological Organization
wind

Weather Reconnaissance Squadron
Extrapolation

Zulu Time (Greenwich mean time)

180

IR

1y

ISR A TLes

it b i

i i

s




=X

[ ———

et T Rt B

LA

-+ —
(. ~

-

e

2

i

-

Lo

Bina

gy

A

APPENDIX I

DEFINITIONS

BEST TRACK - A subjectively smoothed
path, versus a precise and very erratic
fix-to-fix path, used to represent tropical
cyclone movement.

CENTER - The axis or pivot of a tropi-
cal cyclone. Usually determined by wind,
temperature, and/or pressure distribution.

CYCLONE - A closed atmospheric circu-
lation rotating about an arca of low pressure
{counterclockwise in the northern hemisphere)

EPHEMERIS - Position of a body (satel-~
lite) 1n space as a function of time. when
no geographical reference is available for
gridding satellite imagery, then only ephem-
eris gridding is possible which is solely
based on the theoretical satellite position
and is susceptible to errors from satell:ite
pitch, orbit eccentricity, and the non-
spherical earth.

EXPLOSIVE DEEPENING - A decrease in the
minimum sea level pressure of a tropical cy-
clone of 2.5 mb/hr for 12 hrs or 5.0 mb/hr
for 6 hrs (ATR 1971).

EXTRATROPICAL - A term used in warnings
and tropical summaries to indicate that a
cyclone has lost its "tropical” characteris-
tics. The term implies both poleward dis-
placement from the tropics and the conversion
of the cyclone's primary energy sources from
relcase of latent heat of condensation to
baroclinic processes. The term carries no
implications as to strength or size.

EYE - "EYE" is used to describe the cen-
tral arca of a tropical cyclone when it is
more than half surrounded by wall cloud.

FUJIWHARA EFFECT - An interaction :in
which tropical cyclones within about 700 nm
(1296 km) of each other begin to rotate cy-
clonically about one another. When intense
tropical cyclones are within about 400 nm
{741 km} of each other, they may also begin
to move closer to cach other.

MAXIMUM SUSTAINED WIND - Maximum surface
wind speed averaged over a l-minute period of
time. Peak gusts over water average 20 to 25
percent higher than sustained wind.

RAPID DEEPENING ~ A decrease in the nin-~
imum sca level pressure of a tropical cyclone
of 1.25 mb/hr for 24 hrs (ATR 1971).

RECURVATURE - The turning of a tropical
cyclone from an initial path toward the west
or northwest to the north then northeast.

SIGNICICANT TROPICAL CYCLONE - A tropi-
cal cyclone becomes "significant”™ with the
issuance of the first numbered warning by
the responsible warning ajency.

181

SUPER TYPHOON/HURRICANE - A typhoon/
hurricane in which the maximum sustained
surface wind (l-minute mean) is 130 kt (67
m/sec) or greater.

TROPICAL CYCLONE - A non-frontal low
pressure system of synoptic scale develop-~
1ng over tropical or subtropical waters and
having a definite organized circulation.

b

TROPICAL CYCUONE AIRCRAI'T RECONNAIS-
SANCE COORDINATOR - A CINCPACAF representa-
tive designated to levy tropical cyclone
aircraft weather reconnaissance reguire-
mente on reconnaissance units within a
designated area of the PACOM and to func-
tion as coordinator between CINCPACAF,
aircraft weather reconnaissance units, and
the appropriate typhoon/hurricane warning
center.

TROPICAL DEPRESSION - A tropical cy-
clone in which the maximum sustained surface
wind {l-minute mean) is 33 kt (17 m/sec) or
less.

TROPICAL DISTURBANCE - A discrete sys-—
tem of apparently organized convection--
generally 100 to 300 nm {(185-556 km) in
diametev--originating in the tropics or sub-
tropics having a non-frontal migratory
character, and having maintained its iden-
tity for 24 hours or more. It may or may
not be associated with a detectable per-
turbation of the wind field. As such, it
is the basic gencric designation which, in
successive stages of intensification, may
be classified as a tropical depression,
tropicai storm or typhoon (hurricane).

TROI'ICAL STORM - A tropical cyclone
with maximum sustained surface winds (1-
minute mcan) in the range of 34 to 63 kt
{17-32 m/soc) inclusive.

TROPICAL UPPER TROPOSPHERIC TROUGH
(TUTT)~ ~A dominant climatological system,
and a daily synoptic feature, of the summer
season over the tropical North Atlantic,
North Pacific and South Pacific Oceans,”
from Sadler, James C., Feb. 1976: Tropical
Cyclone Initiation by the Tropical Upner
Tropospheric Trough (NAVENVPREDRSCHFAC
Technical Paper No. 2-76)

TYPHOON/HURRICANE - A tropical cyclone
in which the maximum sustained surface wind
(l-minute mean) is 64 kt (33 m/sec) or
greater. West of 180 degrees longitude
they are called typhoons and east of 180
degrees they are called hurricanes. For-
eign governments use these or other terms
for tropical cyclones and may apply dif-
ferent intensity criteria.

VALL CLOUD - An organized band of cumu-
lirorm clouds immediately surrounding the
central area of a tropical! cyclone. The
@wall cloud may entirely snclose the eye
or only partially surround the center.
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PAST ANNUAL TYPHOON REPORTS

Copies of past Annual Typhoon Reports
can be obtained through the:
i
i
§ National Technical Iaformation Service
i 5285 Port Royal Road
H Springfield, Virginia 22161
i
? Refer to the following acquasition numbers
: when ordering: E
' YEAR ACOUISITION MUMBER
1359 hD 786147
N 1960 AD 786148
) 1961 Ad 786149
1962 AD 786128
¢ 1963 AD 786208 B
' 1964 AD 786209
! 1965 AD 786210
. ! 1966 AD 785891
. 1967 AD 785344
1968 AD 785251
1969 AD 785178
1970 AD 785252
19731 AD 768333 i
1972 AD 768333 E
1973 AD 777993
: 1974 AD 010271
A 1975 AD 7023601
: 1976 AD AO38484 3
. 1977 A A055512
. 1978 AD 7070304
1979 AD A0B2071 :
:
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APGWC {2)

APGL/LYU (2)

AP WEACIH TAIUAN ()
AMLRICAN INST OF TAIWAN (1)
AMERICAN STATISTICS INDEX (1)
ARRS/CC (2)

AWS/DRT (5)

AWS/DOR (5)

BUR OF MET, BRISBANE (2)

BUR OF MET, MELBOURNL (4)
BUR OF MET, PERTH (1)
CATHOLIC UNIVERSITY OF AMERICA (2)
CENWEABUR TAIWAR (3)

CINCPAC (2)

CINCPACAF/DOW (1)

CINCPACFLT (5)

CIUDAD LNiV, MEXICO (1)
CIVIL DEFENSE, GUAM (3)
CIVIL DEFUNSE, SAIPAN (6)
CNO WASHINCTON DC (1)

CNOC (23

COLORADO STATE UNIV {(J)
CGLORADD STATE UNIV (LIBR) (1)
COMFAIRECONRON ONE (VQ-1} (3)
COMUOGSUPFORSEVENTHFLT (1)
COMMAVAIRSYSCOM (1)
COMNAVFACENGCOMPACGIV (1)
COMNAVMARIANAS (2)
COMNAVSURFPAC (?)
COMPATRECONFORSEVENTHTLT (1)
LOMPHIBGRU ONE (1)

coMsc (1)

COMSEVI'NTHFLT (2)

COMSUBGAU SEVEN (1)
COMTHIRDYLT (1)

COMUSNAVIHIL (1)

pDOC, VA (1)

DEPT OF AIR FORCE (1)

DET 2, 1Ww (2)

DET 2, 7ww (1)
DET 4, 1ww (2}
DET 4, HQ AWS ({2)

DET 5, IWW (1}

DET 8, 30wWS (2}

DET 10, 30WS (1)

DET 15, 3J0wWS (1)

DET 17, 30WS {1}

DET 18, 30WS (1)
ENVSCISUPGRU (1)

FAh, GUAM (5)
FLENUMOCEANCEN MCNTEREY (2)
FLORIDA STATE UNIV TALLAHASSEE (2)
GEOLGGICAL SURVEY, GUAM (2)
GOVENOR OF GUAM (4)

GUAM PUBLIC LIBRARY (5)
INDIA MET DEPT (3)

INST OF PHYSICS, TAIWAN (2)
JAPAN MET AGEXNCY (3)

JASDF, TORYO (2}

L0OS AXGELES PUBLIC LIBR (2)
HAC/HO, IL (2)

MARRINURS WEATHER LOG (1)
MASS IKSTI OF TECH (1)
MCAS FUTENMA (1)

MCAS IWARUNI {2}

MTAS KANEOHE BAaY (1)

MET DEPT BANGKOK (1)

MET RESEARCH INST LIBR, TORYO (2)
MET SOC OF NSW, AUST (1)
NASA GREENBELT, MD (4)

NAT CLIM CNTR, HC (1),

NAT WEA ASSOCIATION (1)
NATWEASERYV FOROFF, HONOLULY (2)
NATEASERV PACREG (2)

NAVAL ACADEMY {2)

—— e ——— — — —

DISTRIBUTION

NAVEASTOCEANCEN, NORFOLK (1)
NAVHISTCER (1)

NAVOCEANCOMCEN, RCTA (1)
NAVOCEANCOMFAC, JACKSONVILLE (1)
NAVOCEANCOMFAC, YOKOSUKA (3) "
NAVPOLAROCEANC™!, SUITLAND (1) :
NAVWESTOCEANCEN, PEARL HARBOR (2)

NCBC (1)

NEPRF (8) i
NESS/SFSS (1) ¥
NHC, NOAA (3)

NOAA/EDS CORAL GABLES, FL (4)

NOAA/ERL RX9 ROCKVILLE, MD (1)
NOAA/HYDROLOGY BR SILVER SPRINGS, MD (1)
NOAA/LI3RARY ROCKVILLE, MD (1)
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