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FOREWORD

The Annual Tropical Cyclone Report is In the event of incapacitation of the
prepared by the Staff of the Joint Typhoon JTWC, the Alternate JTWC (AJTWC) assumes res-
Warning Center (JTWC). JTWC is a combined ponsibility for issuing warnings. The U. S.

J USAF/USN entity operating under the command Naval Western Oceanography Center, Pearl Har-
of the U. S. Naval Oceanography Comand Cen- bor, Hawaii is designated as the AJTVIC. As-
ter, Guam. The senior Air Force Officer as- sistance in determining tropical cyclone
signed is designated as Director, JTWC and is reconnaissance requirements and in obtaining
responsible to the Commanding Officer, U.S. reconnaissance data is provided by Detachment
Naval Oceanography Command Center, Guam for 4, 1st Weather Wing, Hickam AFB, Hawaii.
the operatio, of the JTWC. The senior Naval
Officer of the JTWC is designated as the Dep- The meteorological services of the
uty Director/Operations Officer. The JTWC United States are planning to implement the
was established by CINCPACFLT message 280208Z metric system of measurement over the next
April 1959 when directed by CINCPAC message few years. Some civilian and military agen-
230233Z April 1959. Its operation is guided cies have started the education program by
by the CINCPACINST 3140.1 (series). showing the metric equivalents to current

units of measure. This Annual Tropical Cy-
The Naval Oceanography Command Center/ clone Report includes metric equivalents to

Joint Tyhoon Warning Center, Guam has the most measures.
responsioility to:

Unless otherwise stated, all satellite
1. Provide continuous meteoro- data used in this report are Air Force Air

logical watch of all tropical activity north Weather Service data acquired by Air Force
and south of the equator, west of the Date Communications Command personnel and analy-
line, and east of the African coast (JTWC zed by satellite analysts at Dat 1, 1WW, co-
area of responsibility) for potential tropi- located with the JTWC at Nimitz Hill, Guam;
cal cyclone development. Dat 5, IWW, Clark Air Base, Philippines; Dat

8, 30WS, Kadena Air Base, Japan; Det 15,
2. Provide warnings for all sig- 30WS, Osan Air Base, Korea; Dat 4, iWW, Hick-

nificant tropical cyclones in the assigned am Air Force Base, Hawaii; and Air Force
area of responsibility. Global Weather Central, Offutt Air Force

Base, Nebraska. The Naval Oceanography Com-'I 3. Determin- tropical cyclone re- mand Detachment, Diego Garcia, also privided
connaissance requiremen, and aLsign prior- timely satellite position fixes for tropical
ities. disturbances in the Arabian Sea and Bay of

Bengal.
4. Conduct an annual post-analysis

of all tropical cyclones occurring within the The Staff of JTWC is indebted to Captain
JTWC area of responsibility and prepare an An- Thomas R. Murray, USN and Captain Jesus B.
nual Tropical Cyclone Report for issuance to Tupaz, USN, for the many valuable suggestions
interested agencies. Only summaries and sta- and comments provided during preparation of
tistics for Northern Hemisphere tropical cy- the 1980 Annual Tropical Cyclone Report.
clones are included in this report.

The staff of the joint Typhoon Warning
5. Conduct tropical cyclone fore- Center wishes to thank the men and women of

casting and detection research as practicable. the Fleet Air Photographic Laboratory, Naval
Air 5tation, Agana for their services in the

reproduction of the satellite data for this
report.

- NOTE: Appendix 4 contains information
on how to obtain past issues of A ess0, vo,.--.
the Annual Typhoon Report._
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CHAPTER I - OPERATIONAL PROCEDURES

1. GENERAL d. SATELLITE RECONNAISSANCE:

Routine services provided by the Joint Meteorological satellite data from
Typhoon Warning Center (JTWC) include the the Defense Meteorological Satellite Program
following: (1) Significant Tropical Weather (DMSP) and the National Oceanic and Atmo-
Advisories issued daily describing all tropi- spheric Administration played a major role
Cal disturbances and their potential for fur- in the early detection and tracking of trop-ther dev~lopment; (2) Tropical Cyclone Forma- ical cyclones in 1980. A discussion of this
tion Alerts issued %ihenever interpretation of role is presented in Chapter II. a
satellite, synoptic and/or aircraft data in-
dicates likely formation of a significant e. RADAR RECONNAISSANCE
tropical cyclone; (3) Tropical Cyclone Warn-
ings issued four times daily for significant During 1980, as in recent years.
tropical cyclones; and (4) Prognostic Rea- land radar coverage was utilized extensively
soning messages issued twice daily for tropi- when available. Once a stoim moved within
cal storms and typhoons in the Pacific area. the range cf a land radar site, reports were

usually received hourly. Use of radar dur-
V: JTWC responds to changing requirements ing 1980 is discussed in Chapter II.

S of activities serviced. Therefore, contents
of routine services are subject co change
from year to year usually as a rusult of de- 3. COMMUNICATIONS
liberations at the Tropical Cyclone Confer- a. JTWC currently has access to three
ence. primary communications circuits.

2. DATA SOURCES (1) The Automated Digital Network
(AbTODIN) is used for dissemination of warn-

a. COMPUTER PRODUCTS: ings and other related bulletins to Depart-
ment of Defense installations. These mes-

The Naval Oceanography Command Cen- sages are relayed for further transmission
ter (NAVOCEANCOMCEN) Guam provides computer- over U. S. Navy Fleet Broadcasts, U. S. Coast
ized meteorological/oceanographic products Guard CW (continuous wave morse code) and
for JTWC. In additioi,, the standard array of voice communications. Inbound message traf-

_ synoptic-scale computer analyses and prognos- fic for JTWC is received via AUTODIN ad-
tic charts are available from the Fleet Nu- dressed to NAVOCEANCOWCEN GUAM.

-.merical Oceanography Center (FLENUMOCEANCEN)
at Monterey, California. With the installa- (2) The Air Force Automated Weather

- | tion of the Naval Environmental Display Sta- Network (AWN) provides weather data to JTwC
tions (NEDS) during 1978, JTWC now has very through a dedicated circuit from the Auto-
timely access to FLENUMOCEANCEN products and mated Digital Weather Switch (ADWS) at Hickam
is able to more efficiently and effectively AFB, Hawaii. The ADWS selects and routes the
use these products. large volume of meteorological reports nec-

essary to satisfy JTWC requirements for the
b. CONVENTIOFL DATA: right data at the right time. Weather bul-

letins prepared by JTWC are inserted into the
Conventional meteorological data are AWN circuit via the NEDS and the Nimitz i411

defined as surface and upper-air observations Naval Telecommunication Center (NTCC) of the
from island, ship and land stations plus wea- Naval Communications Area Master Station
ther observations from commercial and mili- Western Pacific.
tary aircraft (AIREPS). Conventional data
charts are prepared daily at 0000Z and 1200Z (3) The Naval Environmental Data
for the surface/gradient, 700 mb, and 500 mb Network (NEDN) provides the communications
levels. A chart of upper-air data is pre- link with the computers at FLENLNOCEANCEN.
pared which utilizes 200 mb rawinsonde data, JTWC is able to both receive environmental
AIREPS above 29.000 ft within 6 hours of the data from FLENUMOCEANCEN and access the com-
OOOOZ and 1200Z synoptic times, and satellite puters directly to run various programs.
blow-off winds.

c. AIRCRAFT RECONNAISSANCE: b. Besides providing forecasters with
the ability to rapidly access computer pro-

Aircraft weather reconnaissance data ducts, the NEDS has become the backbone ofare invaluable in the positioning of the cen- the JTWC communications system. The NEDS
ter of developing systems and essential for has a direct interface with the AWN. Manual

the accurate determination of the eye/s% nter insertion of paper tapes into the AWN by the
location, maximum intensity, minimum sea- NTCC provides a backup AWN interface. AUTO-
level pressure and radius of significait DIN message tapes are prepared by JTWC per-
winds exhibited by tropical cyclones. winds sonnel on the NEDS for insertion into the
and pressure-height data at the 500 and/or AUTODIN circuit by NTCC. The NEDS is also
400 mb level, provided by reconnaissanct- used by the Typhoon Duty Officer (TDO) tc
aircraft while enroute to, or returning from, request forecast aids which are processed
fix missions, are also used to supplement the by the computers at FLENUMOCEANCEN Monterey
sparse data in the tropics and subtropics- and transmitted back to the TDO over the
These data are plotted on large-scale sec- NEDN circuit.
tional charts for each mission flown. A com-
prehensive discussion of aircraft weather
reconnaissance is presented in Chapter II.
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4. ANALYSES 6. FORECASTING PROCEDURES

a. INITIALIZATION:
A composite surface/gradient level (3000

ft) manual analysis i. accomplished on the In the preparation of each warning,OOOOZ and 1200Z conventional data. Analysis the actual surface location (fix) of the
of the wind field using streamlines is tropical cyclone eye/center just prior to
stressed for tropical and subtropical re- (within three hours of) warning time is of
gions. Analysiz of the pressure field is prime importance. JTNC uses the Selective
stiessed for higher latitudes and in the Reconnaissance Program (SRP) to levy an op-
vicinity of tropical cyclones. timum mix of aircraft, satellite and radar

resources to obtain fix information. When
Manual aralysis of the 500 mb level is tropical cyclones are either poorly defined

accomplished on the 0000Z and 3]00Z data. Al- or the actuui surface location cannot be de-
though the analysis of the 500 mb height termined, or when conflicting fix information
field is important, knowledge of the wind is received, the 'best estimate" of the sur-
field to more clearly delineate steering vur- face location is subjectively determined from
rents is equally important. the analysis of all available data. If fix

data are not available d,:e to reconnaissance
composite upper-tropospheric manual platform malfunctions or communication prob-

analysis, utilizing rawinsonde data frem lems, synoptic data or extrapolation from pre-
300 mb through 100 mb, wind directions ax- vious fixes are used. The initial forecast
tracted from satellite data by DLt 1, IW (warning time) position is then obtained by
and AIREPS (plus or minus 6 hours) at ur extrapolation using the current fix and a
above 29,000 feet is accomplished on 0000Z "best track" of the cyclone movement to date.
and 1200Z data daily. Wind and height data
are used to arrive at a representative anal- b. TRACK FORECASTING:
ysis of tropical cyclone outflow patterns,
of steering currents and of areas that may An initial forecast track is devel-
indicate tropical cyclone intensity change. oped based on the.previous forecast and the
All charts are hand plotted o.er areas of objective techniques. This initial track is
tropical cyclone activity to provide all subjectively modified based on the following:

kiavailable data as soon as possible to thesujcieymdfdbadonteolwng
TDO. These charts ire augmented by the com- (1) The prospects for recurvature
puter-plotted charts for the final analyses, are evaluated. This evaluation is basea pri-

marily on present and forecast positions and
Additional sectional charts at intnrme- amplitude of middle tropospheric mid-lati-

diate synoptic times and auxiliary chart; tude troughs from the latest 500 mb analysis
such as station-time plot diagrams an pres- and numerical prognoses.
sure-change charts are also analyzed during
periods of significant tropical cyclone acti- (2) Determination of steering level
vity. is partly influenced by maturity and vertical

extent of the system. For mature cyclones
located south of the 500 mb subtropicalridg.

5. FORECAST AIDS forecast changes in speed of movement are
closely correlated with forecast changes in

a. CLIM.TOLOr-Y the intensity of the ridge. When steering
currents are very weak, the tendency for cy-

Climatological publications utili--d clones to move northward due to their inter-
during the 1980 typhoon season include pre n nal forces is an important consideration.
ous JTWC Annual Typhoon Reports and climatic
publications from local sources, Naval Envi- (3) The proximity of the tropical
ronmental Prediction Research Facility, Naval cyclone to other tropical cyclones is eval-
Postgraduate School, Air Weather Service, uated to determine if there is a possibility
First Weather Wing ane Chanute Technical of Fujiwhara interacticn.Training Center. Publications from other Air
Force and Navy activities, various universi- (4) Over the 12- to 72-hr forecast
ties and foreign countries are also used by spectrum, speed of movement during the early
the JTWC. timeframe is biased toward persistence (12-

hr extrapolation), while that near the end of
b. OBJECT.IVE TECHNIQUES: the timeframe is biased towards objective

-1 techniques and climatology.
The following objective techniques

were employed in tropical cyclone forecasting (5) A final check is made against
during 1980. A description of these techni- climatology to determine the likelihood of
ques is presented in Chapter IV. the forecast track. If the forecast deviates

greatly from climatology, the forecast ra-1 4(1) 12 HR EXTRAPOLATION tionale is reappraised and the track adjustedaS necessary.
(2) CLIMATOLOGY

C. INTENSITY FORECASTING:
(3) HPAC (Combined extrapolation

and climatology) In forecasting intensity, heavy re-
liance is placed on aircraft reconnaissance(4) TROPICAL CYCLONE MODEL (Dy- reports, the Drorak satellite interpretation

namic) model, wind and pressure data from ships and
land stations in the vicinity of the cyclone,

(6) TYAN78 (Analog)
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considerations are the position and intensity and less than 150 nm, respectively, and that
of the tropical upper-tropospheric trough the 48-hour error would be less than 200 nm
(TUTT), extent and intensity of upper-level and less than 300 nm, respectively. These
outflow, sea-surface temperature, terrain in- probabilities were based on objective data
fluences, speed of moverent and proximity to from error analysis studies of past cyclones
an extratropical environment, and were a function of latitude, longitude,

storm intensity, organization and the number
7. WARNINGS of western Pacific cyclones in cxistence.

Tropical cyclone warnings are issued when Prognostic reasoning information appli-
a definite closed circulation is evident and cable to all custcmers is provided in the
maximum sustained wind speeds are forecast to remarks section of warnings when significant
increase to 34 or more knots within 48 hours, forecast changes are made or when deemed
or the cyclone is in such a position that appropriate by the TDO.

9 life or property may be endangered within 72
hours. Warnings are also issued in other 9. SIGNIFICANT TROPICAL WEATHER ADVISORY
situations if it is determined that there is
a need to alert military and civil interests This plain language message, summarizing
to conditions which may become hazardous in significant weather in the JTWC area of re-
a short perioc of time. Each tropical cy- sponsibility, north of the equator, is issued
clone warning is numbered sequentially and by 0600Z daily. It contains a deta'" 3, non-

I i includes the initial warning time, eye/center technical description of all significant
position, intensity, the radial extent of 30, tropical disturbances and the JTwCevaluacion
50 and 100 knot surface winds (when applica- of potential for significant tropical cyclone
ble), the levied reconnaissance platformused, development within the 24-hour forecast
the instantaneous speed and direction of move- period.
ment of the cyclone's surface center at warn-
ing time and the forecast information. The 10. TROPICAL CYCLONE FORMATION ALERT
forecast intervals for all tropical cyclones,
regardless of intensity, are 12, 24, 48, and Alerts are issued jhenever interpreta-
72 hr. Warnings within the JTWC North Paci- tion of satellite and other meteorologicalfic area are issued within two hours of 0000Z data indicates significant tropical cyclone

0600Z. 1200Z and 1800Z with the constraint formation is likely. These alerts will
that zwo consecutive warnings may not be more specify a valid period not to exceed 24hoursi than seven hours apart. Warnings in the JTWC and must either be cancelled, reissued or
North Indian Ocean area are issued within two superseded by a warning prior to expiration
hours of 0200Z, 0800Z, 1400Z, and 2000Z with of the valid period.
the constraint that two consecutive warnings
may not be more than seven hours apart. These
variable warning tii s allow for maximum usei of all available recrnnnaissance platforms and
more effectively dis ributes the workload in
multiple cyclone situctions. If warnings are
discontinued and a cclone 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 1980 is
presented in Chapter IV.

Beginning on 1 January 1980, JTwC com-
menced issuing tropical cyclone warnings in
an AD? (Automatic Data Processing) format.
The new format allows commands with ADP
equipment 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 1200Z 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 would be less than 100 nm

3
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CHAPTER T1 - RECONNAISSANCE AND FIXES

1. GENERAL cations of changing cyclone characteristics,
radius of cyclone associated winds, and pre-- The Joint Typhoon Warning Center depends sent cyclone position and intensity. Another

on reconnaissance to provide necessary, ac- important aspect of these data is their avail-
curate, and timely -.-teorological informa- ability for research in tropical cyclone
tion in support of each warning. JTWC analysis and forecasting.
relies primarily on three sources of recon-
naissance: aircraft, satellite, and radar.
Optimum utilization of all available recon- b. Satellite
naissance resources is obtained through useof the Selective Reconnaissance Program (S), Satellite fixes from USAF ground
whereby various factors are considered in sites and USN ships provide day and night
selecting a specific reconnaissance platform coverage in tne JTWC area of responsibility.
for each warning. These factors incrude: Interpretation of this satellite imagery pro-
cyclone location and intensity, reconnais- ;ides cyclone positions and estimates of
sance platform capabilities and limitations, storm intensities through the Dvorak tech-
and the cyclone's threat to life/property nique (for daytime passes).
afloat and ashore. A summary of reconnais-
sance fixes received during 1980 is included Detachment 1, Ist Weather Wing, which
in Section 6. receives and processes polar orbiting satel-

lite data, is the primary fix site for the
western North Pacific. Satellite fix posi-2. RECONNAISSANCE AVAILABILITY tions received at JTWC frum the Air Force
Global Weather Central (AFGWC), Offutt Air

a. Aircraft: Force Base. Nebraska and the Naval Oceano-
graphy Comand Detachment at Deigo Garcia

Aircraft weather reconnaissance is were the major sources of satellite data forperformed in the JTWC area of responsibility the Indian Ocean. GOES fixes were also pro-
by the 54th Weather Reconnaissance Squadron vi'ed by the Nati'ral Environmental Satel-
(54 WRS). The squadron, presently equipped lite Service, Honolulu, Hawaii for tropical
with six WC-130 aircraft, is located at cyclones near the dateline.
Andersen Air Force Base, Guam. From July
through October, augmentation by the 53rd c. Radar

- WRS at Keesler Air Force Base, Mississippi
brings the total nmber of available aircraft Land radar provides positioning data
to nine. The JTWC reconnaissance require- on well developed cyclones when in proximity
ments are provided daily throughout the year (usually within 175 n_ (324 k) of the radar
to the Tropical Cyclone Aircraft econnais- site) of the Republic of the Philippines,
sance Coordinator (TCARC). These require- Taiwan, Honq Kong, Japan, the Republic of
ments include area(s) to be investigated, Korea, Kwajalein, and Guam.
tropical cyclone(s) to be fixed, fix tixes,
and forecast positions of fixes. The follow- d. Synoptic
ing priorities are utilized in acquiring
meteorological data from aircraft, satellite, In 1980, the JTWC also determined
and land-based radar in accordance with tropical cyclone positions based on the
CINCPACINST 3140.IN: analysis of the surface/gradient level syn-

optic data. These positions were helpful
"(I) Investigative flights and vor- in situations where the vertical structure

tex or center fixes for each scheduled warn- of the tropical cyclone was weak or accurate
ing in the Pacific area of responsibility, surface positions from aircraft were not
One aircraft fix per day of each cyclone of available due to flight restrictions.
tropical storm or typhoon intensity is
desirable.

3. AIRCRAFT RECONNAISSANCE SUMMARY
(2) Supplementary fixes.

During the 1980 tropical season, the
(3) Synoptic data acquisition.' JTWC levied 213 six-hourly vortex fixes and

Nia investigative missions. In addition to
the levied vortex fixes, 133 supplemental

As in previous years, aircraft recon- tixes were also obtained. The number of
naissance provided direct measurements of levied investigative missions has increased

V: height, temperature, flight-level winds, sea steadily over the past flve years in re-
level pressure, estimated surface winds (when sponse to JTwC's increased efforts to detect
observable), and numerous additional pard- initial tropical cyclone develoissent. The
meters. The meteorological data are gathered average vector error for all aircraft fixes
by the Aerial Reconnaissance Weather Officers received at the JTWC during 1980 was 17 nm
(ARWO) and dropsonde operators of Detachment (31 kin).
4, Hq AWS who fly with the 54th. These data Aircrazt reconnaissance effectiveness is
provide the Typhoon Duty Officer (TDO) indi- su--arized in 'able 2-1 using the criteria

as set forth in CINCPACINST 31'0.1%.

II
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processed at AFGWC is recorded on-board the
=AS

"-
E 2-1. A1 CAr7 P4SSA"CE E ;-ZS spat icraft as it passes over the earth. Laten1 these data are dowmlinked to AFGWC via a net-

work of cormand/readout sites and co-unica-
,'eFnn-1%r=;-s 2 S ¢.ER rF tions satellites. This enables AFGWC to

IM FIXES obt.-in the coverage necessary to fix all
E cyclones of interest to J-hC. AFGWC has the

primary responsibility to provide cyclone
cmCULKE O xN 71PI Z.2 surveillance over the entire Indian Ocean. a

ERIN 2.3 small portion of the western North Pacific
-4 6.6 near the dateline, as well as the South Paci-

_ zlss- 4 .9 fic from the dateline westward to the Indian
-=AL 213 iZ.0 Ocean. Additionally, AFGhC can be tasked to

provide storm positicns in the western North
Pacific as backup to the tactical site cover-
age routinely available in this region.

The thread that tics the network together
VJIED V5. XISS12 X'--- in Let 1. 1W colocated with JT'WC atop Nimitz

Hill, Guam. Based on available satellite
Scoverage, Det 1 coordinates satellite recon-

naissance reauire=ents with JTWC and tasks

AVERA.t 1 65-1970 507 1e 2.0 the inCividual network sites for the neces-
1971 61 -. 6 sary storm fixes. The tdsking concept is to
1972 -4 1:6 20.2 position every cyclone or disturbance once
1973 27 13 5.7 from each satellite pass that covers the cy-
1974 356 32 8.4 clone. Further, when a satellite positin

__1975 217 7 3.2 is required as the basis for a warning, called
i9"6 317 1 1.5 a levied fix, a dual-site tasking concept is
1977 203 3 i.5 applied. Under this concept, two sites are
1978 M 2 2.7 tasked to fix the cyclone off the same satel-
119 29 1 . lite pass. This provides the necessary re-
1980 213 4 1.9 dundancy to virtually guarantee JTWC a

___ successful satellite fix of the cyclone.
SUsing this dual-site concept, the satellite

reconnaissance network was able to meet
percent of JTWiIC's levied satellite fix re-

4. SAIEWTE RECOMU AISAIXE SUMMARY qairements. This year. dual-site tasking was
extended to most of the Indian Ocean with the

The Air Force provides satellite recon- addition of the Navy site at Diego Garcia to
naissance support to JTWC using imagery data the tactical site network. Previously, dual-
fro= DSP and NOAA polar-orbiting spacecraft. site tasking was available only in thewestern
The NORA imagery processing capability was North Pacific.
new for MMSP tactical site operations during

- 1930. Western North Pacific DSP tactical The network provides JTW9C with several
sites received this additional capability in products and services. The main service is
February 1980 in sufficient time for the one of surveillance. With the exception of
Northern Hemisphere tropical cyclone season. Osan, ezcih site reviews its daily coverage

afor any indications of development. If an
The W SP cyclone surveillance network area shows indications of development, .JTWC

consists of both tactical and centralized is notified. Once J -hC issues either an
facilities. Tactical WISP sites are located alert or wirming, the network is tasked to
at Nimitz Hill, Guam; Clark AB, Philippines; provide three products: cyclone positions,I Kadena AB, Japan; Osan AB, Korea; and Hickam cyclone intensity estimates, and 24-hour cv-
AFB, Hawaii. These sites provide a combined clone intensity forecasts. Satellite cv-fj coverage that covers the JTWC area of res- clone positions are assigned position code
ponsibility in the western North Pacific from numbers (PC} depending on the availability
near the dateline westward to the Malay Pen- of geography for precise gridding and the
insula. An important addition in 1930 was degree of organization of the cyclone's cir-
the Navy tactical site at Diego Garcia. Li- culation center (Table 2-2). During 1980.

tlike the WISP sites, Diego Garcia can process the network prov.ided JflMC with 1327 satellite
only NOAA polar-orbiting eteorological space- fixes of tropical cyclones. A co=parison of
craft. However, the unique coverage of this those fixes made on nu-bered tropical cy-
site, located in the central South Indi.n clonc:, with their corresponding JTWC best
Ocean, greatly expanded the satellite recon-
naissanre network's coverage of this vital
area. Prio- to 1980, the JTh'C had to depend TABLE 2-2. POSITION CODE NUM4BEPS
entirely on the Air Force Gloial Weather Cen-
tral (AFGiC) for all Indian Ocean cyclone re- PC FMTHOD OF CENTIER DfP'.IATION/GpaDnIG
connaissance. 1G

1 /CG %PH zAFGWC is the centralized member of the 2 EYE/EPH-ERIS
satellite cyclone surveillance network. Lo- 3 WEL DEINoD cc/GOC %:yI cated at Offutt AFB, Nebraska, APGWC has the 4 WELL DEINRED CC/EPHEMRIScapability to process the daily worldwide PRY DFINED CC/GEOGRAPHY
cov'!rage of two polar-orbiting spacecraft, 6 POORLy DEFINED CC/EPHEMERIS
wether WISP or SOAA. Tis enables AFGWC to
provide coverage four tines daily over the GC=Circulation Center
entire JTh'C area of responsibility. I=agery

I--



TB 2 __E NA 0 .ND T-P x .3

kMS7?AC WSP.C M1A C- AN
!5?4-1979 AV5 P 190 190

Ps(A", SZ2S) (ALL 52T55) j_ M)

1 13.5 (193) 12.2 76)
218.4 L. 67) 16.2 C13)

3 20.6 22) 20.4 (153)
4 25.0 C 96) 12.9 11)
S 37.3 (407) 39.2 (313) 35.7 3)
6 46.4 (197) 33.3 $ 3U 44.6 U

1&2 14.3 (260) 12.3 ( 39)
364 21.4 (373) 19.9 (164) -
S&6 40.3 (604) 3t.0 (399) 41.0 (20)

track positions is shown in Table 2-3. Es- craft becae available this year. At the
tizmates of the cyclone's current intensity first of the year, three spacecraft were
and a 24-hour intensity forecast are made fully operatio-al: MtSP F-V 13536 (F-2) in
once each d-y. by applying the Dvorak tech- a mid-morning orbit. 1NA.-6 in a s-nrise or-
nique .M(.A Tec hnical me=orandu NESS 45 as bit, and Ti. OS-% in a =id-aftermoon orbit.
revised) to daylight visual data. Figure 2-i Further, the DMP spacecraft FTV 15539 (F-4)
co:ares these current intensity and fore- was Operational for late mrning passes o!y.
cast intensities with the observed cyclone Subsequent failures rapidly deci ated these
intensities for the 1980 storm season. Sat- ranks. T!.S-- . first failed in late January.
ellite-deri-ed cyclone positions, intensity was recovered in February, but failed for
estimates, and intensity forecasts constitute good in early .%ovev~r. However. TROS-n
the satellite portion of the J--WC forecast was operational for most of the %ort-uern
data base. Feisphere tropical cyclone season. F-2

failed in February and F-4 failed in August.The availability of polar-orbiting =ete- F-3 (-'2V 14i37) failed initially in
orological satellites t'eclined during the 1979 but was partially recovered in Anril-1 year as spacecraft fai.nres plagued the net- 1980. While F-3"s coverage was li=ited to thework. Two scheduled launches, one Mo-Sp and center SO percent of the visual i-ager, only.
one !OA, encountered launch vehicle problens its ascending (daylight) coverage w.s fully
that resulted in the failure of the platform incorporated into surveillance network oper-

. to achieve orbit. Therefore. no n.e space- ations, par-icularly to support the .71C
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OOOOZ warning. Therefore, by the end of the Depending upon the category, the remainder
season, the only fully operational polar- of the format varies as follows:
orbiting spacecraft was NOAA-6.

a. Satellite
Besides fiy-s from the network, JTWCalsc,

received satt 1 e-derived cyclone positions (1) ACCRY - Position Code Number
from several secondary sources during 1980. (PCN) is used to indicate the accurac. of the
These included: the Naval Oceanography Com- fix position. A "1" indicates relatively
mand Detachment (NOCD) Cubi Point, Philip- high accuracy and a "6" relatively low ac-
pines; U. S. Navy ships equipped for direct curacy.
readout; the National Environmental Satel- -___

lite Service (NESS) using NOAA and "ZES data; T"L 2- .M1 s1K MlI .ED, 1D S1 AS A rI a MW T M,

and the Naval Polar Oceanography Center, 'D M uvtL r.ASAAL Mu)

Suitland, Maryland using stored-DMSP and
NOAA data. Fixes from these secondarysources are not included in the network Ic- ,AL
statistics.

5. RADAR RECONNAISSANCE SUMMARY ... 9

Ten of the 28 significant tropical T 5 9$.
cyclones occurring over the western North T 4 933
Pacific during 1980 passed within range of T, , 90 964

land based radars with sufficient cloud ool1
pattern organization to be fixed. The T6.5 1.7 9.,

hourly and oftentimes, half-hourly land 1', ..
radar fixes that were obtained and trans- "4
mitted to JTWC totaled 413.

The WMO radar code defines three cate- (2) DVORAK CODE - Intensity evalua-
gories of accuracy: good (within 10 km tion and trend utilizing visual satellite
(5.4 nm)) , fair within 10-30 km (5.4-16.2 data. (For specifics, refer to NOAA TM;
nm)), and poor (within 30-50 km (16.2-27 NESS-45) (Table 2-5).
nm)). This year, 413 radar fixes were
coded in this manner; 147 were good, 153 >.
fair, and 113 poor. Compared to the JTWC Z #0
best track, the mean vector deviation for _4

land radar sites was 15 nm (28 km). Ex- 0 k

cellent support through timely and accurate _ -+ 0 04,I radar fix positioning allowed JTWC to track 4 _Q
and forecast tropical "clone movement 0'- ' %-

through even the most .ifficult and erratic 0 D()
tracks. 0 f

frThe 54 WRS made 2 radar center fixes T D V Zh

from their WC-130 aircraft when actual trop- T MINUS/S W ( rs
ical cylone penetration was restricted. No
radar fixes were received on Indian Ocean
tropical cyclones.

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

6. TROPICAL CYCLONE FIX DATA
(3) SAT - Specific satellite used

A total of 2134 fixes on 28 northwest for fix position (DMSP 37 or 39, TIROS-N,
Pacific tropical cyclones and 35 fixes on NOAA6, Other, or Geostationary Operational
2 northern Indian Ocean tropical cyclones Environmental Satellite (GOES, 135W)).
were received at JTWC. Table 2-4, Fix Plat-
form Summary, delineates the number of fixes (4) COMENTS - For explanation of
per platform for each individual tropical abbreviations see Appendix.
cyclone. Season totals and percentages are (5) SITE - ICAO call sign of the
also indicated. ()ST COcl ino h
s nspecific satellite tracking station.
Annex A includes individual fix data for

each tropical cyclone. Fix data are divided b. Aircraft
into four categories: Satellite, Aircraft,
Radar, and Synoptic. Those fixes labelled (1) FLT LVL - The constant pressure
with an asterisk (*) were determined to be surface level, in mb, maintained during the
unrepresentative of the surface center and penetration. Seven hundred mb is the normal
were not used in determining the best tracks. level flown in developed cyclones due to tur-
Within each category, the first three columns bulence factors. Low-level missions are
are as follows: flown at 1500 ft.

FIX NO. - Sequential fix number (2) 700 MB HGT - Minimum height of
the 700 mb 'pressure surface within the vo-tex

* TIME (Z) - GMT time in day, hours and recorded ii mqters.
minutes

FIX POSITION - Latitude and longitude to
the nearest tenth of a degree
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TABLE 2-4 FIX SUIMARY FOR 1980

FIX SUMMARY

OTHER
AIRCRAFT DMSP NOAA6 TIROS-N GOES3 SAT RADAR SYNOPTIC TOTAL

WESTERN PACIFIC

TD 01 9 16 12 - 14 - 5 56
TS CARMEN - 4 10 3 15 20 - 52
TY DON 24 34 27 2 33 120
TY ELLEN 25 26 19 2 25 - 97
TS FORREST 19 15 14 1 18 7 - 74
TS GEROGIA 2 5 9 3 - 11 - 7 37
TS HERBERT 4 15 12 - - 27 5 63
TS IDA 12 20 12 5 - 13 - - 62
TY JOE 13 13 11 2 - 21 3 2 65
TD 10 - 4 6 - - 9 - 3 22
ST KIM 23 16 16 3 21 - 79
TY LEX 21 22 21 1 29 - 94
TY MARGE 9 5 15 3 24 - 56
TD 14 1 1 4 3 11 - 20
TY NORRIS 12 2 14 12 - 21 41 - 102
TD 16 3 1 8 3 - 7 - 22
TY ORCHID 13 1 12 10 - 21 51 - 108
TY RUTH - - 7 5 - 13 1 2 28
TY PERCY 13 3 12 13 - 17 43 - 101
TY SPERRY 10 1 16 3 - 20 10 - 60
TS THELMA 8 8 8 - 22 - - 46
TY VERNON 18 4 15 2 - 30 - - 69
ST WYNNE 51 3 26 14 - 51 195 - 340TS ALEX 6 - 10 - - 14 - - 30
TY BETTY 36 3 26 4 51 46 166
TS CARY 3 7 7 17 - 34
TY DINAH 15 8 - 30 17 - 70
TS ED 16 15 27 - 3 61

------------- ---------------------------------------------------------------------------------------------------------------------------

TOTAL 366 214 372 109 15 617 414 27 2134

• OF TOTAL
NO. OF FIXES 17.1 10.0 17.4 5.1 .7 29.0 19.4 1.3 100

INCLUDES 2 AIRCRAFT RADAR FIXES

NOAA6 OTER SYNOPTIC TOTAL

INDIAN OCEAN

TC 23-80 12 12

TC 27-80 11 22 235

--------------------------------------- -------------------------------------------------------------------------------------------------
TOTAL 23 22 2 47

% OF TOTAL
NO. OF FIXES 48.9 46.8 4.3 100

-x
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(3) OBS MSLP - If the surface cen- surrounded by wall cloud.
ter can be visually detected (e.g., in the
eye), the minimum sea level pressure is ob- (8) EYE DIAM/ORIENTATION - Diameter
tained by a dropsonde released above the sur- of the eye in nautical miles. In case of an
face vortex center. If the fix is made at elliptical eye, the lengths of the major and
the 1500-foot leveil, the sea level pressure is minor axes and the orientation of the major
extrapolated fron that level, axis are respectively listed. In the case of

concentric eye walls, both diameters are
(4) MAX-SFC-WND - The maximum sur- listed.

face wind (knots) is an estimate made by the
ARWO based on sea state. This observation is c. Radar
limited to the region of the flight path and
may not be representative of the entire cy- (1) RADAR - Specific type of plat-

- clone. Availability of data is also depen- form utilized for fix (land radar site,
dent upon the absence of undercast conditions aircraft, or ship).
and the presence of adequate illumination.
The positions of the maximum flight lev-.l (2) ACCRY - Accuracy of fix position
wind and the maximum observed surface wind do (good, fair, or poor) as given in the WMO
not necessarily coincide, ground radar weather observation code (FM20-

V).
(5) MAX-FLT-LVL-WND - Wind speed

(knots) at flight level is measured by the (3) EYE SHAPE - Geometrical repre-
AN/APN 147 doppler radar system aboard the sentation of the eye given in plain language
WC-130 aircraft. Values entered in this cat- (circular, elliptical, etc.).
egory represent the maximum wind measured
prior to obtaining a scheduled fix. This (4) EYE DIAM - Diameter of eye given
measurement may noc represent the maximum in kilometers.
flight level wind associated with the trop-
ical cyclone because the aircraft only sam- (5) RADOB CODE - Taken directly from
ples those portions of the tropical cyclone WMO ground weather radar observation code
along the flight path. In most instances, FM20-V. The first group specifies the vor-
the flight path is through the weak sector of tex parameters, while the second aroup de-a
the cyclone. In areas of heavy rainfall, the scribes the movement of the vortex center.
doppler radar may track energy reflected from
precipitation rather than from the sea sur- (6) RADAR POSITION - Latitude and
face, thus, preventing accurate wind speed longitude of tracking station given in
measurement. In obvious cases, such errone- tenths of a degree.
ous wind data will not be reported. In addi-
tion, the doppler radar system on the WC-130 (7) SITE - WMO station number of the
restricts wind measurements to drift angles specific tracking station.
less than or equal to 27 degrees if the wind
is normal to the aircraft heading. d. Synoptic

(6) ACCRY - Fix position accuracy. (1) INTENSITY ESTIMATE - TDO's anal-
Both navigational (OMEGA and LORAN) and me- ysis of low-level synoptic data to determine
teorological (by the ARWO) estimates are a cyclone's maximum sustained surface wind
given in nautical miles. (knots).

(7) EYE SHAPE - Geometrical repre- (2) NEAREST DATA - Accuracy of fix
sentation of the eye based on the aircraft based on distance (nautical miles) from the
radar presentation. The eye shape is re- fix position to the nearest synoptic report
ported only if the center is 50% or more or to the average distance of reports in data

sparse cases.

a 9
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CHAPTER X - SUMMARY OF TROPICAL CYCLONES

1. WESTERN NORTH PACIFIC TROPICAL 7.''CLONES ical cyclones that developed to typhoon (TY)
intensity, only 2 reached the 130 kt (67 m/
sec) intensity necessary to be classified

During 1980, the western North Pacific as super typhoons (ST). Tropical cyclones
experienced the second consecutive year of reaching tropical storm intensity or greater
below normal tropical cyclone activity, are assigned names in alphabetical order
Twenty-eight tropical cyclones occurred from a list of alternating male/female names
during both 1979 and 1980 as compared to found in CINPACINST 3140.1 CH-2. Diffferent
the average annual total of about 33. Four lists of alternating male/female names are

significant tropical cyclones failed to de- used for eastern and central North Pacific -
velop beyond the tropical depression (TD) and North Atlantic cyclones. Each tropical
stage and nine tropical storms (TS) failed cyclone's maximum surface winds (MAX SFC
to reach typhoon intensity. Of the 15 trop- WND), in knots, and minimum observed sea

TABLE 3-1 WESTERN NORTH PACIFIC

F 1980 SIGNIFICANT TROPICAL CYCLONES

CALENDAR MAX MIN NUMBER
PERIOD DAYS OF SFC OS OF DISTANCE

CYCLONE TYPE NAME OF WARNING WARNING WIND(KT) SLP WARNINGS TRAVELLED(NM)

01 TD 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 DOM 09 MAY-19 MAY 11 90 956 42 1938

04 TY ELLEN 13 MAY-21 MAY 9 110 931 34 2423

05 TS FORREbT 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 5 50 980 15 2521

08 TS IDA 06 JUL-11 JUL 6 60 980 23 1527

09 TY JOE 17 JUL-23 JUL 7 105 940 25 2541

10 TD TD-10 17 JUL-19 JUL 3 30 1000 7 1007

11 ST KIM 20 JUL-27 JUL 8 130 903 29 2661

12 TY LEX 29 JUL-07 AUG 10 80 962 36 1810

13 TY MARGE 08 AUG-15 AUG 8 110 944 31 1980

14 TD TD-14 15 AUG-16 AUG 2 20 1003 7 229

15 TY NORRIS 24 AUG-28 AUG 5 90 950 20 1710

16 TD TD-16 04 SEP-06 SEP 3 25 1002 8 776

17 TY ORCHID 07 SEP-11 SEP 5 85 958 19 2043

18 TY RUTH 14 SEP-16 SEP 3 65 975 13 60

19 TY PERCY 14 SEP-19 SEP 6 125 919 20 1260

20 TY SPERRY 15 SEP-20 SEP 6 65 987 22 2624

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 OCT-14 OCT 11 150 890 44 3728

24 TS ALEX 12 OCT-14 OCT 3 35 999 8 1844

25 TY BETTY 29 OCT-07 NOV 10 120 928 39 3228

26 TS CARY 29 OCT-01 NOV 4 40 998 14 1068

27 TY DINAH 21 NOV-25 NOV 5 100 941 17 3530

28 TS ED 16 DEC-21DEC 6 50 988 20 815

1980 TOTALS 128* 598

OVERLAPPING DAYS INCLUDED ONLY ONCE IN SUM.

10
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level pressure (MIN OBS SLP), in millibars, Table 3-2 provides further information
were obtained from be3t estimates based on on the monthly distribution of tropical cy-
all available data. The distance travelled, clones and statistics on Tropical Cyclone
in nautical miles, was calculated from the Formation Alerts and Warnings. The number
JTWC official best track (see Annex A). of warning days decreased from 149 to 128

from 1979 to 1980.

TABLE 3-2.

1980 SIGNIFICANT TROPICAL CYCLONE STATISTICS

WESTERN (1959-79)
NORTH PACIFIC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL AVERAGE

TROPICAL
DEPRESSIONS 0 0 1 0 0 0 1 1 1 0 0 0 4 4.8

TROPICAL STOR S 0 0 0 1 2 1 1 0 1 2 0 1 9 10.0

TYPHOONS 0 0 0 0 2 0 3 2 5 2 1 0 15 17.8

ALL CYCLONES 0 0 1 1 4 1 5 3 7 4 1 1 28 32.6

(1959-79) AVERAGE .6 .6 .9 1.4 2.0 5.2 6.7 6.0 4.7 2.7 1.4 32.6

FORMATION ALERTS 28 of 37 (76%) Formation Alert Events developed into tropical cyclones. Tropical Cyclone Formation Alerts
were issued for all significant tropical cyclones which developed during 1980.

- WARNINGS Number of warning days: 128

NuI Naber of warning days with 2 cyclones- 37

Number of w sdvs with 3 or more cyclones: 3

ii
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TROPICAL DEPRESSION 01

By the 20th, surface winds in the south-
ern semicircle had increased to 20 kt (10
m/sec), while 30 kt (15 m/sed) 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 warning on TD 01 was issued at
200600Z.

Taking into consideration the strong
vertical wind shear and the fact that March
is historically a month of minimum typhoon
development, TV 01 was never forecast to

I 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 troughs moving eastward

FIGRE $-01-i. TD 01 at 15-20 kt (8-10 mI/ec] across the Pacific from the Asian mainland.
intensity about 500 Pin (926 km) sot'P-.outi.-cu oS
Guam, 18 faich 1980, 0120Z. (DUSP ima9 As TD 01 approached southeastern Luzon,

it began to interz-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

TO 01 was first detected as an area of a flare-up in the convective activity and an
increased convective activity about 500 nm increase in surface wind speed north of the
(926 km) south-southeast of Guam cn 16 March. surface center. Although two land stations
During the early part of the year, intense reported 40 kt (21 m/sec) winds during land-
convective activity is usually located south fall on Luzon, the sea-level pressures were
of the equator. March is the start of the not observed below 1007 mb. Considering
transition period when the equatorial trough the effects of topography, 30 kt (15 m/sec)
begins to migrate slowly northward. During appears to he the best estimate of TB 01's
this period, the equatorial trough can oc- intensity at that time. Figure 3-01-2 shows
casionally extend into the Northern Hemis- that northeasterly winds of 25-40 kt (13-21
phere. This extension, however, is normal- m/sec) were present north of TB 01 to the
ly short-lived because the southwest monsoon vicinity of Taiwan. These strong winds were
has yet to become fully established. Post- being enhanced by TV 01, but were more the
analysis indicates that TD 01 developed from result of the building high pressure ridge
a temporary extension of the equatorial off the Asian mainland. Therefore, an ex-
trough into the Northern Hemisphere. tratropical wind warning was issued for the

area by NAVOCEANCOMCEN Guam.
The first aircraft reconnaissance mis-

sion into TO 01 on the morning of 18 March
reported 15-20 kt (8-10 m/se) surface winds, After making landfall, TD 01 tracked L
primarily in the northern semicircle, and a slowly westward south of Manila into the
minimum sea-level pressure of 1005 mb. South China Sea. A TCFA was issued for the
Based on this information and satellite im- remnants of TD 01 at 260615Z wheu improved
agery which showed improved upper-level out- organization of the cloud pattern (Fig. 3-
flow in the southeast quadrant (Fig. 3-01-1), 01-3) suggested that regeneration might oc-
a Tropical Cyclone Formation Alert (TCFA) cur. The disturbance was watched for three
was issued at 180390Z. more days, but ship reports showed nothing

more than a weak wave in the east-northeast-
The tropical disturbance was monitored erly flow, and the system dissipated rapid-

closely for the next 48 hours. The first ly after moving ashore on the Vietnam coast
reconnaissance mission also reported a 60 nm near He Chi Minh City.
(111 kin) displacement between the surface

4 center and the 1500 ft (4S7 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 01 to tilt with height toward the north-
west.

17
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i TROPICAL STO.M CAPN2 (02)

Tropical Storm Carmen, the second signi- (sen..d approach from the west)- The last
ficant tropical cyclone of the season, might .ITWC warning was issued at 070000Z and the
well have gone undetected if it had occurred CPHC issued its first warning at 070600Z.
prior to the advent of =eteorclogical satel- While east of the dateline, Carmen continued
lite surveillance. Carmen develoned in and to weaken as her -veent slowed to S kt
tracked through a very sparse synoptic data (9 km/br). The final warning was issued by
region near the dateline in early April 1980. CPHC at 090000Z with -02 near 21.S. 178-.
Once organized, Carmen's closest point of
approach to a reporting station (.ajuro Due to Carmen's location (near the date-
Atoll, h 91376) was 450 n-_ (833 k=). line) and month of zurrence (April). 3=1NC
During its entire life, Carmen was closely forecasters had few viable forecasting aids
monitored by the Joint Typhoon Warning Center to dinveloo their warnings. Climatology and
-(JThC) and the Central Pacific Hurricane analog progra-n were non-- existent for the
Center (CPHC) using polar-orbiting and geo- area and season, and the steering model is
stationary satellites to confirm Carmen's unreliable south of lov. Without the inpt
existence. of these valuable aids, the initial warnin- g

was based on sparse mid-level synoptic data
Available satellite imagery and sy-optic and described a rorth-northwest track with

data indicated that Carmen developed in a renum-wature rear 17 14. This basic track was
relatively active near-equatorial trough maintained in subsequent Jfl warnings.
(NSM-) during a period in which a parallel Faintenance of this basic track through re-
disturbance, TC 20-0 (Wally), wa: developing curvature provided JiIC with 72-hour fore-
in the Southern Hemisphere. (The cern paral- cast errors (210 no (389 2cm)) which were sig
lel disturbances is also referred to as nificantly lower than the 10-year average of
-double vortices-.) Si=ilar to many previous 348 .n (644 k).
cases, most recently Typhoon Kim (1977) ad-
*yphoon Lucy (1977) and their respective Intensity estimates and forecasts were
Southern Ee-isphere cyclones, Carmen and based entirely on the Dvorak method for
'IC 20-80 took nearly -irror-icage tracks over estimating tropical cyclone intensity (1975)
open water. In this case, each cyclone moved first series of Dvorak intensity esti-
towards its respective pole in response to a mates at 041954Z, 0500002 and 050233Z sup-
weakness in each hem-isphere's sub-tropical Ported 35 kt (18 Wsec) maxi=u winds. Hw-ridge. Once organized. Carmen moved north- ever, upgrading to tropical storn status did
-rthwest and then, at the ridge axis, began not occur until the 051,102 warning. ±his

its recurvature to the northeast. Similarly, delay is not unusual. Initial warnings tend
TC 20-S0 moved south-o - uthwvst until it began to be conservative because satellite imagery
recurvature to the southeast at the ridge of a developing tropical cyclone often
axis. Although -,C 20-0 accelerated in its appears more i2tense for a brief period bI--
extratropical transition near 26 degrees fore returning to a more 'normal" signature
south latitude, Carmen slowed as she -oved for the early development stage. Indeed,
eastward across the dateline. Several days the Dvorak method has a built in constrai
later Carmen dissipated in the northeast w.ich limits initial estisates to T1.5 (25 kt
trade wind flow south of Wake Island. (13 u/sec;) or less. The initial Dvorak

intensities received at .lfl were T2.5 (35 kt
T.e disturbance which became Tropical f18 n/sec)). In post-analysis. the higher

Stor- Carmen was first detected in satellite estmates were supporte--d with the trend
imagery at 0000Z on 2 April. B- 021800Z, the sh<wing that TD02 (Carmen) actually reached
area of convection had =oved from the equator tropical stor strength at 041800Z, 6 tours
to near 02S 178E. At 030600Z, the Signifi- prior to the first warning.
cant Tropical Weather Advisory (ARMH POS-W)
discussed a surface circulation near 03N 179E.
The major cnvection. associated with the cir-
culation continued to move northeast at 10 kt r
(19 kmfhr) east of the dateline. The Central

.-acific Hurricane Center (CPHC) monitors
-' .developing tropial cyclones east of the

dateline a the responsibility for issuing
tropical cyclone for--ation alerts (TCFA) in

=i this region belongs to the naval Western t
Oceanography Center (NIC) at Pearl Harbor,
Hawaii. By 02002 on 4 April, the organiza-
tion of the disturbance bad inproved signifi-
ca.ntl-: and WOC issued a TCFA for an area
that straddled the dateline between 04. and
CM. At 050000Z, the developing cyclone
moved west of the dateline, and based on theH improved satellite signature, the firstwarning on -002 was is at that time.
Dring the next 48 hours, Carmen intensified,
reaching a peak intensity of 60 kt (31 =-/see)
at approximately 060000. Figure 3-02-1

(shows satellite imagery of Carmen at peak
.- n tevsity. Carer then gradually weakened as P1W 3- S
she approached the dateline for a third time Fl 131 4c 0 4 1W " "Z "
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TYPHOON DOM (03)

Dom ias the first tropical cyclone that Little change in intensity occurred

developed to typhoon intensity in the west- during the next two days, during which time
ern North Pacific in 1980. Dom had several the 700 mb circulation was displaced as much
features of interest: a pronounced tilt in as 77 nm (143 km) west-southwest of the sur-
the vertical axis during the developing face center. This displacement was indica-
stages and the execution of a rare anticy- tive of marked vertical shear caused by
clonic loop in the later stages of his strong mid- to upper-level easterly flow.
existence.

Satellite imagery showed a weak disturb- Vertical shear remained strong during
ance which first appeared along the near Dom's early stages of development as he
equa.orial trough on 5 May. The disturbance moved westward steered by strong mid- to
showed no significant development as it upper-level easterlies along the southern
tracked across the Caroline Islands during periphery of the mid-level subtropical ridge
the following three days. The first investi- axis. On 10 May, a mid-tropospheric low
gation by reconnaissance aircraft was sched- pressure center developed over the Asia Main-
uled on 8 May when a iignificant increase in land, causing the ridge to recede eastward.
convective activity was noted. The weak cir- This created a weakness in the ridge near the

I

i'

FIGURE 3-03-1. Typhoon Vom at 40 kzt (21 m/ )ec
intenZty tAackng wut-nothwedmd at 9 kt (17 km/
1a}, 11 May 1980, 0213Z. (I SP uvitat imagey)

culation located by the aircraft prompted Philippines, allowing Dom to track west-

JTWC to issue a Tropical Cyclone Formation northwestward away from the strong mid- to
Alert for an area south of Guam. By the 9th, upper-level easterlies. With the decrease in
satellite imagery indicated strong outflow vertical wind shear, Dom's axis became more
on the west side of the circulation and vertical and development proceeded. Dom
increased organization of convective cloud reached tropical storm intensity at 101800Z
elements became evident as the disturbance as an anticyclone with outflow in all quad-
continued to develop. As the circulation rants developed at upper-levels.

Jbecame more organized, reconnaissance air-
craft observed an increase in the surrounding A large area of low-level convergence
surface winds. The first warning on TD03 was formed to the northeast of Dom as evidenced

4 issued at 09000OZ. by convective activity shown by satellite

23
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imagery on the l1th (Fig. 3-03-1). This are Luzon (Fig. 3-03-2). Dom then tracked north-
of convection dissipated as an induced ridge eastward south of the area of maximum sea
formed between Dom and a circulation to the surface temperature (SST). A later SST
southeast of Guam which would later develop analysis (Fig. 3-03-3) showed the decrease in
into Typhoon Ellen. Dom attained typhoon SST which iu normally observed after the pas-
intensity at 120600Z. When Dom intensified sage of a tropical cyclone. This decrease in
to 90 kt (46 m/sec), he had a large eye 30 rat S'T is caused primarily by evaporative cool-
(56 nm) in diameter and his speed of movement ing and the mixing of surface water with
decreased markedly as he moved away from the cooler sub-surface water and, to a lesser
strong mid- to upper-level easterly steering extent, by the addition of rain water and
flow. Dom became virtually stationary as the decrease in solar radiation reaching the'I he drifted slowly toward Luzon with weakening surface (Brand, 19701. Dom's final decrease
commencing due to the decreased moisture con- to tropical storm intensity was due to the
tent of the air being drawn into Don's circu- shearing effect of strong upper-tropospheric
lation across the mountainous terrain of westerlies and strong low-level easterlies.
Luzoi,. By 141200Z, Dom had weakened to The upper-level center continued to track
tropical storm intensity and was tracking eastward, whereas the surface circulation
northward at - kts (1 m/sec) showing indica- began a rare anticyclonic loop as it tracked
tions of impending recurvature. westward under the influence of the low-level

easterly flow. At 190000Z, JTWC issued the
final warning on Dom, although post-analysis

Dom unexpectedly regained typhoon indicated he ceased to exist as a significant
strength 24 hours after recurvature. Rein- tropical cyclone on the 18th.
tensification was made possible by a lessen-
ing of the land effect and energy provided by
a tongue of warm water extending north of

T I i i 12
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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 200000Z 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 211200Z,
the three systems had merged to form an

jintensifying 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 devclopd in an active, lite signature improved markedly and a TCFA
near-equatorial trough west of the Truk Is- was issued. Aircraft reconnaissance at
lands on 11 May 1980. Strong upper-level 130422Z confirmed Ellen's rapid development
divergence over the Caroline Islands and and estimated 45-50 kt (23-26 m/sec) maximum
a weak 500 mb steering currents, produced by surface winds. The first warning was issued
a northward adjustment of the 500 mb ridge at 130600Z. Post-analysis indicates that
axis to 25N, provided an excellent environ- Ellen reached tropical storm strength at
ment for tropical cyclone development. Ellen 1218COZ.
was an interesting tropical cyclone from
several viewpoints. During her existence, Ellen appeared to be following TY Dom's
Ellen underwent rapid initial development, track across the Philippine Sea as she
abruptly changed track at a low latitude, tracked initially west over Woleai Atoll and
and followed a slow oscillatory motion for then west-northwestward toward Ulithi Atoll.
an 18 hour period. On 15 May, Ellen abruptly turned to the north

and was headed for Japan. By 150000Z, she
Ellen's initial tropical disturbance was tracking north-northwestward at approxi-

became evident on satellite imagery between mately 8 kt (15 km/hr) and had intensified to
111200Z and 120000Z. However, a Tropical 65 kt (33 m/sec). At 170000Z, Ellen passed
Cyclone Formation Alert (TCFA) was not is- 220 nm (407 km) west of Guam with maximum
sued at that time because 120000Z synoptic sustained surface winds of 110 kt (57 m/sec).
data did not indicate a well-defined surface Figure 3-04-1 is satellite imagery during
circulation with lowering surface pressures, this period of Ellen's track.
A weakening of the satellite signature during
the next 12 hours supported this decision. After her abrupt turn, Typhoon Ellen's
Between 121200Z and 121600z, Ellen's satel- surface circulation followed a pronounced

°tu

Ii

i i
II

~# I

FIGURE 3-04-1. Typhoon Etten ahouty ateA
AelUny typhoon inteitsity, 15 May 1980,

0054Z. (VMSP .cse'j)
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FIGURE 3-04-2. Typhoon Eten'a be~t .t~ock
be~ioen 14180OZ and 16060OZ May 1980. staace
and 700 mb poaitiona obaeAued by ai&=6at 'wecon-
naZ46ance, and v.ectout betwen zucceesive ai4-
c~a~t 6zxeh, m~e shomc.

oscillatory motion about a basic north-north- This oscillatory motion and uncertainty
west track. Surface positions observed by in the position and strength of the 500 mb

fjaircraft reconnaissance and vectors between subtropical ridge axis created a significant
successive aircraft fixes during this period forecast problei. Forecasts of early re-
are illustrated in Figure 3-04-2. These curvature to the northeast did not material-
short term oscillations weie difficult to ize as Ellen continued on a north-northwest
interpret and thus made forecasting Ellen's track toward Japan. Once north of the ridge
movement very difficult, axis, Ellen recurved between 25N and 30N and

accelerated northeastward at forward speeds
As Ellen was undergoing this oscillatory in excess of 30 kt (56 km/hr). Following

motion, aircraft reconnaissance also observed recurvature, Ellen weakened rapidl.y and merg-
that the location of minimum sea level pres- ad with an extratropical. low pressure system

14sure appeared to rotate close to the wall south of Honshu.
* cloud in a highly elliptical eye. During the

same period, Ellen deepened to her lowest Ellen's actual track pssed closer to
minimum sea level pressure of 931 mb and Japan than originally forecast due to rapid
intensified an additional 45 kt (23 n/sec), deepening of a mid-latitude trough over
reaching her maximum intensity of 110 kt Japan and rapid intensification of the sub-
(57 m/sec). 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 nrn
(222 kin) 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
in/sec) sustained winds during the passage of
Ellen. Flooding reported in Kyushu and
Shikoku resulted from heavy rain produced by

I the extratropical low pressure system which
- eventually merged with Ellen south of Honshu.

I3

WO

20n

-2S-

-130 t55]A0I

FIGUIRE 3-04-3. Fo'tccas~t £tacka 6o4 Ty'phoon
= Etten 64cm 191200Z dnd 19180OZ data basc.

Setected 24-4t 6olteca.t w-nd uclou. at 300
r-b 6o.- each &t baeu aW o itsaaed,
atong witth the 6inal best ttack (1 60t
that peaecd.
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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 
. )1d

spent skirting the southern periphery of the
large subtropical ridge. During the month of -,o -.

May, cyclones typically track northwestward V'67(IOIOP,)& L
over the Philippine Sea. However, Figure3-05-1 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 18 kt (33 km/hr),
which is 3 times the climatological mean
speed. FIGURE 3-05-2. Athimon and HoUtiday 11977)

maxmu st6agined sawace ,id-minum 4ea-tevt-
The strength of the subtropical ridge p eA4u,%e tetationship.also affected Forrest's intensity. The sub- |

tropical ridge raised environmental pressures
throuahout 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 from Forrest's minimum sea-level
pressure of 990 mb and the Atkinson and Hol-
lidsy (1977) pressure/wind relationship (Fig.
3-05-2). The Atkinson and Holliday relation-
ship indicates that the 55 kt (28 m/sec) max-
imiu sustained winds observed in Forrest
(Fig. 3-05-3) are typically associated with
tropical cyclones having a 983 mb minimum
sea-level pressure. Aircraft reconnaissancealso 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
weakened rapidly while passing approximate-
ly 40 nm (74 kin) northeast of Clark AB. FIGURE 3-05-3. Ta4.pcat SteAm FO. vAe at max. tM

Highest observed wind speeds at this location intemZtg, 23 May 1980, 2344Z. Topicat Steo.m
associated with the passage of TS Forrest Geo a ia i mazkinag tLndjLa oue 6utheaaae China.
were in the 10 to 15 kt (5' to 8 m/sec) range. (M0AA 6 imagemy)

4h1 i
7 7

I FIGURE 3-05-1. The 22000Z My 1900 azieamine
ara4sJ oS 500 mb aPmEonde (7--.. and aia-

/I c~.a6t aeconnaLsanc-e I data. The 500
hdght4 aae ptotted in decaineu and wind apeed
aw in knots.
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I TROPICAL STORM GEORGIA (06)

ia

I
I

SZa-

iTasea Stcn &etan the Suth China, Se, 19 Uaq 1950. 2332Z. (WAU imaga)

Tropical Storm Georgia is; a classic During the latter part of May, an active4 <example of a tropical cyclone which devel- surface trough extended from near Iwo Jima
opd in the South China Sea during the southwestward into the South China Sea- E-

transition period between the northeast and bedded in this trough were Typhoon Ellen,
southwest monsoon. "Monsoon depressions near Iwo Jima, the remnants of Typhoon Dom

-are often short-lived, difficult to locate (an exposed low-level circulation), and the
Iwith precision, and usually have broad, but weak tropical disturbance which would becom

relativily weak, surface circulation patterns. Tropical Storm Georgia (Pig. 3-06-1).
Georgia may well have reached typhoon stren-
gth if she had been able to rem-ain over open Synoptic data first indicated possible
water. tropical cyclone development in the South
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China Sea on the 19th of May. Although the JTWC forecasters relied heavily on the

satellite signature was poor, the synoptic 
forecast aids which were consistent in in-

data showed a surface circulation with a 
dicating northward movement with recurvature

significant pressure drop near the center, 
between the coast of China and the east 

coast

Based on this data, a Tropical Cyclone 
For- of Taiwan. Southerly 500 mb steering winds

mation Alert (TCFA) was issued at 191341Z. also supported northward movement.

Figure 3-06-2 is a surface stream- .a an-

alysis at 200000Z and illustrates the well- 
Figures 3-06-3 and 03-06-4 show the in-

defined surface circulation. The correspond-- crease in surface inflow and the resulting

ing satellite imagery at about the same time increase in organized convective activity

still showed a lack of convective organiza- 
that occurred shortly after Georgia reached

tion (Fig. 3-06-1). The depression finally tropical storm strength.

Ibegan to show significant development, and
the first warning on TD 06 was issued at Only two aircraft reconnaissance mis-

2106002. 
sions were flown on TS Georgia. The first

21000

712II

S 09

I0

!

!
I

Ii

0AM

FIGURE 3-06-2. The 2000007 iky 1980 _&=qc4=

I /j I gadiert1 1~c levet Atat-
Ur~ i!~J4Air the viw.4 05 TaopiE-t
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mission observed a minizm- sea-level pres- After smaking landfall near Shan-toxa,
sure of 986 mb and surface winds of 50 kt Georgia traveled rorth-northeastward, about

air =/see). Th eodmsso ol o 20 no (37 kin) inland from the coast, event-
proid acete fi bcaseofrestricted uaily passing north of Chin-men-tao. which

*(28 u/sec), respectively. These observations moving over the East China Sea from the Asian
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TROPICAL STORM HERBERT (07)

A broad equatorial trough existed on
18 June stretching from the Philippine Is-lands to the eastern Caroline Islands along

5N. Although synoptic data suggested sev- F
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 201200Z, increased convection was
noted near the primary surface circulation
east of the Palau Islands. By 211200Z, V
satellite imagery indicated improved organ- -'

ization with synoptic data revealing incre-
ased southwest gradient level inflow and
20-25 kt (11-13 m/sec) wind reports from
ships northeast of the depression. As a
result, a tropical cyclone formation alert
(TCFA) was issued at 211800Z.

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 221800Z. How-
ever, the potential for significant tropi-
cal 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 240000Z. FIGURE 3-07-1. Topicat Stoim He bWt at 45 kt (23
Aircraft reconnaissance at 240717Z locate . m/6ec) intenin eandd 0uo AoutheAn C;n,
a circulation center just west of Busuanga 28 June 1980, 0316Z. IoMSP 4omahaeJ}4I

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
241200Z. A strong mid-level ridge extending from

southern China eastward across the Pacific
In the South China Sea, Herbert track- along 24N provided the steering flow as Her-

ed northwestward toward Hai-nan Island while bert tracked steadily along the southern
intensifying slowly. Maximum intensity of periphery of the ridge. The 500 nb analyses
50 kt (26 m/sec) was attained at 250600Z and on 25 and 26 June showed that the ridge ex-
was sustained for the next 24 hours as Her- tended westward to near 108E just west of
bert passed 15 nm (28 km) southwest of the Hai-nan Island. Thus, a turn toward the
Paracel Islands. Peak winds of 46 kt (24 northeast was expected following landfall
m/sec) were reported by the islands at over southern China. However, the 270,00Z
260000Z. Landfall on Hai-nan occurred near 500 mb analysis revealed that the ridge act-
261800Z with maximu., sistained winds of 45 ually built westward across southern China,
kt (23 m/sec). Over .ai-nan, Herbert track- resulting in Herbert's westward track during
ed around the western face of Wu Chih Sham his dissipation stage following landfall.
Mountain and exited due north into the Gulf
of Tonkin. A north-northwest track over the The definitive mid-level synoptic pat-
Gulf of Tonkin ended with landfall south of tern and steering flow provided JTWC with
Chin-hsien, China at 280300Z with 45 kt (23 good warning continuity and resulted in
m/sec) intensity, as verified by land sta- excellent forecast vector errors of 77 nm
tion reports. Once over southern China, (143 km), 128 nm (237 kip), and 57 nm (106
Herbert weakened quickly and dissipated as km) for 24, 48, and 72 hours, respectively.
a significant tropical cyclone by 290000Z

(Fig. 3-07-1).
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TROPICAL STORM IDA (08)

II
- - 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. 7
Maintenance of the ridge throughout Ida's

4V 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 1300Z on 11 July.

A predominate feature during all but the
later stages of Ida's track was a strong and

N persistent rain or feeder band. Figure 3-08-
1 shows this feature on NOAA 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
island. Subsequent aircraft reconnaissance

Sin support of the 072130Z 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

FIGURE 3"08-1. Taopicat Stom Ida intni~yiq in response to the release of latent heat of
the PhiAippZne Sea. The dicontinuou6 outA %tain condensation from extensive convection within
band tcocbeLze 4aom the noLthwe0t to the ea t) m6 the band. The mission ARWO1 on the 090735Z
evident d-'Lom the cyctone'6 irniia deueeopment untiL fix stated, "The 700 mb center was very weak
makeni ng newt the 8&.hi Channet, 6 Juty 1980, 2Z36Z. with no strong wind band in any quadrant
(NOAA vua imagXay close to the center. It .took us quite 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

During the first three weeks of July, observed a broad band of surface windsthe monsoon trough extended eastward from peaking at 85 kt (44 m/sec) situated about
the South China Sea to near 160E. Areas of 25 rm (46 km) out." This was not an uncommon
active convection were common during iat feature from aircraft reconnaissance data on
period with several disturbances eventually Ida. Generally these maximum winds were
developing into significant tropical cyclones located in the northeast quadrant, close to
(Ida, Joe and Kim). the rainband. However, the 85 kt (44 m/sec)

wind was considered to be a transistory
TD 08, the first of these disturbances feature because all other indicators showed

which became organized, formed in the vicin- no reason for a sudden and short-lived
ity of two areas of active convection which intensification of the cyclone.
JTWC had been tracking within the trough for
several days. At 051800Z, satellite imagery
indicated improved convective organization
about a surface circulation near 12N 142E.
Aerial reconnaissance at 060145Z located a
surface center and observed maximum winds of
25 kt (13 m/sec). At 060300Z, a Tropical
Cyclone Formation Alert (TCPA) was issued
and the initial warning followed at 060600Z
based on continued organization as indicated
by satellite imagery. 1CHARLES B. STANFIELD, Capt, USAF: Mission

Aerial Reconnaissance Weather Officer
(ARWO).I
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TYPHOON JOE (09)

Typhoon Joe, the ninth tropical cyclone level pressure was 1006 mb and the distur-
in the Western Pacific region, proved to be bance was tracking northwestward at 14 kt
very predictable. A near static synoptic (26 km/hr). Defense Meteorological Satellite
pattern prevailed in the mid- to upper- Program (DMSP) imager, at 0021Z on the 17th
troposphere within the subtropics throughout suggested that the disturbance was develop-
most of Joe's existence. Figures 3-09-1 and ing a circulation center that extended at
3-09-2 show the distinguishable traits in least to mid-tropospheric levels (Fig. 3-09-
the structure of the mid- and upper- 3) with strong convective activity located
troposphere. As a result of this pattern, west of the exposed surface circulation. As
Joe followed a nearly straight track from discussed by Huntley and Diercks (1980),
genesis to dissipation with few exceptions, weak developing tropical cyclones often have

the 700 mb center displaced from the surface
Joe's gen-:sis from a tropical disturbance circulation in the direction of strongest

into a mature tropical cyclor.e was slow. convective activity. As the tropical cyclone
Satellite imagery first indicated a disturb- develops and intensiZies, the surface circu-
ance along the equatorial trough on 14 July lation moves under the 700 mb center and

F over the Caroline Islands. Later satellite becomes vertically aligned. Later satellite
data revealed a gradual increase of convec- data did show that the surface center had
tive activity with an apparent increase in moved closer to the area of strong convection.
organization. As a result of the information This sequence of events prompted JTWC to is-
received from this series of satellite imag- sue the first warning at OOOOZ on 17 July for
ery, a tropical cyclone formation alert Tropical Depression 09. Aircraft reconnais-•(TCFA) was issued at 2153Z on the 15th. sance on the 17th substantiated that the

disturbance had indeed developed significant-
The first aircraft reconnaissance of the ly since the 16th and that TD 09's circula-

disturbance on the 16th found a weak surface tion center had extended up to the 700
circulation which did not extend up to the level with no significant displacement of the
700 mb level. At that time the minimum sea surface and 700 mb center noted at that time.

L

.1
t

FIGURE 3-09-3. Typhoon Joe dutuin eat tg e o6
deviopmen, 17 Jutg 1980, 0021Z. AwAow houm Zoca-

Von o6 expc4d eo-teve cicutation centeA. WASP

FIGURES 3-09-1 and 3-09-2 aAe on Vihe Sot.Cotuing page. -
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FIGURE 3-09-1. 200 mb 6ttamt~me anatybi6s at 171200Z Juty 1980. The anatmi6 depicts& the synoptic pattenn which
Ipievat.2ed d&ung vmch oA Typhoon Joe's exisence. Wind data ame a canbination o6 RAOBS, AIREPS, and aateL~te-

dep,(ved Hi- taind& 6oi the 250 mb to 150 mb tevet6. Wind speeds ate in knots.

44

-i~ ~~T -*ct-/ --£im _-92 _0 b6~aiieaayi tNOO uy18.Tetnts4dpcstesnpi



TD 09 developed rapidly from that point and Approximately 177,000 people were left home-
I was upgraded to Tropical Storm Joe on the less and 19 deaths were reported. Exact

18th. "-phoon strength was attained on the figures could not be compiled in time due to
19th. Typhoon Kim which hit the Philippines within

a week of Joe, compounding destruction that
As mentioned e.,rlier, Joe tracked along the Philippines had already suffered. No

a nearly straight hrzc .hro-.h much of his significant damage was reported to U. S.
existence. His forward speed of movement milits'y installations in the Philippines.
was rapid and nearly constant, even while
passing over Luzon. This unusually persis- Upon entry into the South China Sea,
tent track and high speed of mvement was Joe reintensified to typhoon strength.
correlated with an abnormally stropg mid- Pefore this tine, JTWC expected Joe to track
and upper-tropospheric subtropical ridge, northwest onto the Asian mainland about
The subtiopical ridge at both levels deviated 100 nm (185 km) west of Hong Kong and
significantly from the climatological norm. dissipate. The mid- and upper-tropospheric
The 200 mb anticyclone, normally located over ridge, h-.ever, extended westward, causing
the China mainland, extended further east to Joe to continue on a west-northwest track
the north of Joe's track and south of Japan toward Vietnam. Also, from the time Joe
(Fig. 3-09-1). Similarly, the mid-tropo- entered the South China Sea through dissipa-
spheric ridge was to the north of Joe's tion, he maintained a rapid speed of move-
track and was much stronger than normal ment due to the strong ridge to the north.
(Fig. 3-09-2). Typhoon Joe attained a second maximum inten-

This pattern did not significantly sity of 90 kt (46 m/se) as determined by
change during Joe's lifetime, except briefly Dvorak analysis of satellite data (Fig. 3-

Z while he was first developing into a tropi- 09-4). At the tim of mximum intensity,
cal depression. Joe's track took a slight the radius of winds greater than 30 kt (15
northwestward jog in response to a short n/sed) extended 450 nm to the east of Joe's
wave trough which weakened the mid- to upper- center, covering most of the South China Sea
tropospheric ridge. This short wave trough north of ION. While transiting across the
quickly passed eastward and the ridge built South China Sea, Joe devastated the coastal
back north of Joe. regions which paralleled his track. Much

damage to crops and property occurred in
Six hours prior to landfall over Luzon, southern China due to flooding caused by

Joe attained an intensity of 105 kts (54 m/ torrential rains. Joe also left many home-
sec) with a minimum sea level pressure of less and claimed more lives while tracking
940 mb at 1200Z on 20 July. Joe weakened toward Vietnam.
rapidly to tropical storm strength while
crossing Luzon, but still remained very Satellite imagery showed that Joe had
destructive. As he tracked across the noun- an eye as he made landfall near Haiphong,
tainous terrain of Luzon, where peaks Vietnam. During this period, winds were
approach 10,000 ft, the track deviated reported in excess of 70 kt (36 m/sec) by the
slightly, becoming more westward. It took Vietnam News Agency. After landfall, Joe
just over 6 hours for Joe to cross Luzon, dissipated rapidly due to land and vertical
but in that short time, the Philippine wind shear effects. The final warning was
Islands were inundated by heavy rains which issued by JTwC at 0000z on 23 July as the
produced massive flooding and resulted in remnants of Joe began to dissipate over the
extensive crop and property demage. mountains of Laos.

di

00 kt 46 w eeiA the Sout hw Sea, 21 Jtg1990, 2347Z. MS age ty
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SUPER TYPHOON KIM (11)

Super Typhoon Kim, one of the most in- ment. a Tropical Cyclone Formation Alert
tense typhoons of the 1980 season. slammted (TCFA) was issued at 192040Z. Aircraft re-
onto the eastern Coast of Luzon four days connaissance data at 2008002 indicated a
after Typhoon Joe had -ractically immobil- well-defined closed serface circulation with
ized the are.. Accounts of the aftermath wind speeds of 25 to 30 kt (12 to 15 m/ser)
of Typhoon KZim indicated that an estimated and a central pressure of 1001 mb approxi-
15 ooople were killed and 167,000 residents matelv 360 nm (667 kmn) southeast of Guam-
of the Philippines were displaced. Torren- Based on~ this data, the first warning on
tial rains cauzed massive flooding over TO 11 was issued at 2012001.
Luzon as far south as Manila

TO 11 initially moved west-northwestward
Kim, the first super typhoon of the 1980 passing approximately 240 n= (444 kin) south

season, was first detected on satellite imag- of Guam before heading directly towards the
ery on 19 July. The disturbance appeared island of Ulithi. At 2112001. TD 11 passed
as an area of enhanced convection embedded directly over Olithi, which reported a wind
in the near-equatorial trough. Further in- maxio,,Lm o' 35 kt (18 m/sec). This infoir-

Iten~ification appeared likely as the tropi- tion, plus a subsequent aircraft report of
I cal upper-tropospheric trough (TUTT) was a central surface pressure of 997 inb, proop-

positioned to the northwest of the convec- ted JTWC to upgrade TO 11 to Tropical Storm
tive area. Because the disturbance was in iKim at 211800Z. Aircraft data at that time.
a favorable position for continued develop- however, indicated that Kim was poorly alig-

MSLP/THETA E TRACE
MkSLP Oe

1000- no-

90.0-,

970- - . - - - 370

96- ---

950- - - - -- - 360

940- - - - -- I.

'1 930 -- - 350

1 ~ ~920- 000- --

1 ~91 0 - --- i 340

4 4 390- - m - mm - 330

t00 12 00 00 00 ~ 0

21 22 23 24 JULY

FIGURE 3-11-1. Time o.ws-seci o, KiOY'a mirimrn
aca-tevet c-esate va~sus 700 =b equiivetetA pcten-

All Va~ut ter evtatw'p. (THETA E (j a3~L dctavcd Ju a
3 otAat necernaisancc data.
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ned in the vertical, with the 700 mb center During this period of falling pressures
well to the southeast of the surface center and corresponding intensification, an
and the 700 =b wind flow largely disorgani- empirically derived forecasting aid (Fig.
zed. Therefore, further intensification was 3-11-1) proved very valuable to JTUT. This
slow during the 22nd and 23rd. During this forecasting aid relates surface pressure and
period, Kim followed a path similar to Ty- 700 ib equivalent potential tenperature (ee)
phoon Joe across the Philippine Sea, track- to future intensification. The hypothesis
ing west-northwestward along the southern is that rapid intensification is likely to
periphery of the subtropical mid-troposphe- take place in a tropical cyclone within the
tic ridge. next 12 to 36 hours after these two traces

intersect. Typhoon Kim's intensification
At 230600Z, aircraft reconnaissance trend verified this study.

observed a fairly substantial drop in
surface pressure to 979 =b and indications At 241603Z, a minimum sea level pressure
that an eyewall was partially forming. Upon of 908 mb was measured by dropsonde. This
receipt of the data, which signalled the pressure was sufficiently low to qualify
beginnings of a period of more rapid Kim as a super typhoon (Fig. 3-11-2). By
intensification, Kim was upgraded to a the next aircraft penetration, however, Kim's
typhoon, central pressure had risen to 918 -b. A

Ott
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possible reason for this rise in pressure Aircraft reconnaissance, however, continued
land!'all O~z the coast of Luzon and the zation and that her associated convective
mountaincus terrain had begn to disturb tops were significantly lower than previously t
Kim's lo-level inflow. Shortly azfterwards, observed. rs
at about 25030Z, ?yplco Kim moved onto
the coast of Luzon (Fig. 3-11-3) with accom- A weakness in the mid-tropospheric ridge,
panying maximum sustained winds of 100 kt thought to have been induced by Typho Joe's

* (52 r/sec) and report-d wind gunts as high passage several days earlier, allowed Rim to
as 125 kt (64 r/sec). track more northwest towards Hong ]Kong.Changing little in direction or intensitYTerrain further weakened Kim as She moved as site tracked across the South China Sea.
slowly across Luzon before energirl; Zn the Kim finally made landfall on the coast OfrSouth China Sea as an ill-defined tropical China 90 nm (167 k=m) northeast of Hong Knstorm. 3TWC forecasters expected Kim to at about 270600Z. Paxinum sustained winds
reintensify as a typhoon over the~ Souzth China of 45 kt (23 m,"sec) am1 wind gusts to 60 kt
Sea similar to Joe only several days earlier. :31 =/sec) were reported as Kim moved inland.
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TYPHOON LEX (12)

Typhoon Lex was the n)st difficult north-northeast seemed to have the strongest
tropical cyclone to forecast during the influence and turned Lex from a westward to
entire 1980 season. This typhoon de- a northeautward track. As the upper trough
veloped from a Tropical Upper Tropospheric moved eastward, a middle-and upper-level
Trough (TUTT) near 22N 152E and initially ridge built northwest of Lex. The steering
moved westward. From this point, Lex made currents veered from southwesterly to north-
five right angle or greater turns and exe- easterly in response to the intensifying
cuted one tight cyclonic loop before finally subtropical ridge, and Lex turned to a south-
heading northeastward into the western westward track.
Pacific east of Japan. The only saving
%race was that Lox remained well away from Lex continued to intensify slowly dur-
manor landmasses and did not affect any ing his southwestward movement, reaching ty-
military installations ashore or afloat. phoon strength of 65 kt (33 m/sec) at

310600Z. Shortly after 020000Z, Lex again
Lex was first observed as a small dis- changed direction and headed on a northward

turbed area of convection on 24 July. The track through a break in the subtropical
first satellite position fix at 260600Z ridoe. The break developed as a trough
placed the disturbance approximately 125 nm deepened to the north over the Sea of Japan.
(230 km) south-southwest of Marcus Island. At the same time, anticyclonic cells inten-
The disturbance moved almost due west sified at all levels to the southeast and
(Fig. 3-12-1), and a Tropical Cyclone Forma- west-southwest of Lex.
tion Alert (TCFA) was issued at 281500Z
when the satellite signature improved. The Lex executed a cyclonic loop while ac-
first warning was issued for Tropical De- celerating northward and, before completing
pression (TD) 12 at 290600Z after aircraft the loop, reached his maximum intensity of
reconnaissance located a surface circulation 80 kt (41 m/sec). The satellite signature
center with a central pressure of 1002 mb for Lax at maximum intensity is illustrated
and estimated maximum surface winds of 35 kt in Figure 3-12-2. Upon exiting the loop, Lex
(18 m/sec). Twelve hours later, as the continued tracking north until a deep surface
satellite signature continued to improve, low and associated cold front began moving
the cyclone was upgraded to Tropical Storm eastward across Japan. As the frontal system

. Lex. approached from the west, Lex commenced re-curvature to the northeast and accelerated
During the early development stage, a slightly. The slow entrainment of cold air

deep steering current was not evident above caused Lex to weaken and transition into an
Lex. However, a broad 200 mb trough to the extratropical system. The last warning was

issued for Lex at 070000Z August 1980.

'4

FIGURE 3-12-1 Lvz a a t~nopicat dZWubance pao FIGURE 3-12-2. Tyjphoon Lex at maximm i aensity o6
to z uance 06 a TCFA, 21 Juty 1980, 0026Z. (VMSP 80 kt (41 m/6ec), 2 Augut 1980, 2242Z. Iwm Ji.ma ,
imageA ) about 155 ,m (285 kam) wezt o6 Lex. (NOAA6 imqgeAy)
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TYPHOON MARGE (13)

Marge was the sixth tropical cyclone * Islands. The southern current was drawn
reach typhoon strength during 1980. She back into a broad low-level circulation
developed west of the Marshall Islands in between the eastern Caroline Islands and
an area that had shown considerable insta- the Marshall Islands (Fig. 3-13-2). Satel-
bility since Typhoon Lex passed through lite imagery showed an increase in convec-
the area in late July. tion corresponding to this change in the

flow pattern.
The convection that signaled Marge's

formation first appeared on satellite imag- Convective activity appeared to con-
ery at 051200Z August 1980. Because of solidate near 15N 159E by 061600Z. The
continual intensity variations in the con- convective area continued to expand and by
vection, the tropical disturbance was not 070000Z covered an area nearly 5-degrees
considered suspect until 060600Z when it square, with the most intense activity re-
was first mentioned in the Significant Trop- maining near 15N 159E. Post-analysis shows
ical Weather Advisory Bulletin (ABEH PGTW). that Marge formed during the period bet reen
Through most of this period, the convection 070000Z and 071200Z. An evaliation of the
was embedded in a broad easterly flow. Ty- satellite imagery for this time period in-
phoon Lex still displayed considerable dicates that tropical depression stage wasinfluence over the region, causing the attained at 070600Z. By 071200Z, a north-
usual easterly current to be diverted south trough oriented along 160E was ana-
northward over the Mariana Islands (Fig. 3- lyzed at the surface/gradient level. The
13-1). By 060000Z, Lex had moved far enough circulation associated with Marge appeared
to the north that his influence over the to be part of this trough (Fig. 3-13-3).
easterly flow had weakened and the surface
flow had split. One current was still The first reconnaissance into Marge, at
drawn northward toward Lex, while the other 080533Z, observed surface winds of 35 kt
current curved southward between the Mar- (18 m/see) and a central pressure of 998 mb.
shall Islands and the Northern Mariana Based on these data, the initial warning on

I I I,,I ,

.N.

il FIGUE 3-13-1. The O51200Z ,Aatu6.f 19,!0 6uasce
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11Tropical Storm Marge was issued at 080800Z. the north-northwest. The 0800002 5.00 mb
streamline analysis (Fig. 3-13-4) indicated
that Marge was located in a col, thus provi-

Mlarge initially followed a generally ding a channel for a more northerly track
west-:.outhwestward track. Objective fore- than predicted by climatology. The 500 mb
cast aids showed considerable scatter at reconnaissance data provided by the 54th
this stage, a common occurrence during the Weather Reconnaissance Squadron north of
for'native stages of a tropical cyclone. A Marge proved very valuable in locating this
mid-tropospheric ridge was analyzed to the col. A sequence of satellite fixes between
north of MAarge. The key questions at that 0816002 and 0823302 was the first indication
time concerned the status of this ridge, that Meirge was reacting to the weakness in
i.e., was it strong enough to keep Marge on the ridge and had started a northward turn.
a west-southwestward track, or was there a A 090300Z satellite position fix, coi'bined
weakness which could allow her to recurve to with aircraft fixes at 0906152 and 090839Z,

( confirmed the northward track.
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Marge continued northward for 17 degrees By 131200Z, Marge began to encounter
of latitude on a track between two centers strong upper-level westerlies. A second
in the subtropical ridge. During the north- course change accompanied by gradual acceler-
ward trek, Marge intensified to typhoon ation and weakening began at that time.

Istrength which she maintained for nearly 5 Marge tracked east-northeastward and contin-
days. A minimum sea-level pressure of 941 ued to accelerate under the influence of the
mb supported a maximum intensity of 110 kt strong mid-latitude westerlies. The final
(56 m/sec) (Atkinson and Holliday, 19771, for warning on Marge was issued at 15180OZ as
18 hours (Fig. 3-13-5). she transitioned into an extratropical cy-

clone and mezrged with a mid-latitude lcw
pressure system.
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FIGURE 3-73-5. VZiuat 4atettite iuagy o6 Typhoon
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TYPHOON NORRIS (15)

The near equatorial trough was reestab- disturbance approached a position north of
lished between Guam and Ponape as Typhoon Guam, is graphically illustrated in Figure
Marge moved northward toward Marcus Island 3-15-2. The streamline analysis reveals the

on 10 August. A weak surface circulation development of a sharp ridge which built

developed along the trough axis south of northeastward toward Marcus Island and even-
Guam and slowly drifted toward the Philippine tually split the TUTT into two cells. By
islands over the next two weeks. Although 230000Z, an upper-level anticyclone had

this disturbance never developed into a sig- formed over the surface disturbance, and, as
nificant tropical cyclone, it played a major the disturbance continued to organize, a

role in delaying the intensification of a Tropical Cyclone Formation Alert was issued
disturbance that tracked westward from Wake at 230900Z. The preceding discussion illus-
Island and eventually became Typhoon Norris. trates the initiation of a tropical cyclone VN

induced by upper-level divergence and
A deep Tropical Upper-Tropospheric enhancea convection southeast of the TUTT

Trough (TUTT) was first analyzed on the cell (Sadler, 1978). Norris tracked virtual-
, 151200Z 200 mb analysis over the Marshall ly straight west-northwestward at an average

Islands from Wake Island southwestward to speed of 12 kt (22 km/hr) from the time of
Truk. Sparse surface data gave no indica- first warning as a tropical depression at
tions of a perturbation in the low-level 240200Z until landfall on northern Taiwan at

tradewind flow at that time. 271600Z. This straight track was due to the
I strong mid-level subtropical ridge which

For the next seven days, the TUTT and extendeC along 27N from southern China east-
associated convective activity to the south- ward to the International Dateline during the
east migratea slowly westward. Figure 3-15-1 latter part of August.
depicts the position of the TUTT in relation N
to the area of enhanced convection that even- The circulation mentioned earlier near
tually developed into Typhoon Norris. It was the Philippine Islands prevented Norris from
not until 211200Z that the upper-level dis- developing and intensifying more rapidly.L5turbance was reflected at the surface as a The surface flow pattern was split between

weak circulation. the two circulations until 260000Z when the
other circulation finally went ashore over

The increased convection and resultant Luzon and dissipated. With all te low-
heating of the upper troposphere, as the level inflow now available, Norris intensi-

|I

II

FIGURE 3-15-1. 21000OZ Augus~t 1980 200 mb .5Vneartine
aratys'. .upWrposed on aatettite bragrvtw at 202?00Z.
This 6gu~te dects corvective activity asoia-ted
xU uppea-tevt'e cyctcr*c cduttons and the

04CJnianccd convection so utheas~t oJ the TUTT that even-
tuatty devetoped i.nto Typhoon Notiis (NOWA 4rmgetzj
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F1GU=E 3-15-2. 22000OZ Aiuaut 19,10 200 cb atmcatire

equvaen poeni e teert4 ure rt A-d4neeta
minimumt sea-leve prssr (MLSP)(OA

0e/!.xLP study (see discussion on super

execedt fll44=b an -x.-msurface

that point. It seems very likely that this___
intensification would have occurred if land-
fall on Taiwan had not taken place within 42
hours.

'1 The well-established mid-level ridge
north of Norris, with a strong high pressure1 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 kin) southeast of Taiwan, the
26000OZ 500 rib analysis indicated that the
ridge was beginning to weaken between Taiwan
and Okinawa with the high pressure cell
retreating northeastward to a position east
of Okinawa. By 261200Z, a definite break in
the ridge was evident with the high cell now
over the Bonin Islands and a secondary cell FIGUR.E 3-15-3. TuoJ'.c AMc.-i3a 20 13 7 tn 3 uh
located near 25N 112S over southern China. ca Yj org~ujima W sation. 479121 ;:; 95 .

4 ~~The numerical forecast series during this (176 kn cthat o4 Taipei real. peak irter-sity oi
(2period also supported the persistence of this 90 t (46 rIscc3. 27 "'ust 1910. 1051Z (AS

break. Thus, .rIWC's warnings after 260000Z im-emtu1. Vorarnij.~ -epetted 3u-.eind winds 43
- were consistent in forecasting recurvature 80 tkt (41 g/sccj oneC Px- Zafv..
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north of Taiwan and along the coast of main- Norris' track across Taiwan. change in
land China into the Korea Strait. speed, and observed weakening were classic

exaoles of the effects of Taiwan on tropical
Norris passed 10 n- (18 k -) southwest of cyclones (Brand and Blelloch, 1973)_ The

Yonagunijia at 271200 .. At that time, the =ountainous terrain of Taiwan apparently pro-
island reported southeast winds of 80 kt (4A duced an induced surface low on the 1-e side
m/sec) and a sea-level pressure of 952.2 = of the =ountain range, resulting in the(Fig. 3-15-3). Norris then turned to a More marked increase 2n speed .nd the westward
westward track toward northern Taiwan. bend in Norris' track.

* Excellent radar coverage from the island
stations of Ishigakijia and Xi-akojina and Landfall Just south of u-Chou on main-
from Hua-Lien on Taiwan pernitted J3T'7C to land China occurred about 280900: and,
fo!iou Norris as he tracked across Taiwan and although enetratanc deeper inland than fore-

I into the For--osa Strait just north of l.sin- cast, Norris eventually recurved northeast-
Chu. Stroncest surface winds of 39 kt (20 ward and the -e--nantv linked with a frontal
n/sec with custs to 64 kt (33 -/sec) on system that -oved out over the Yellow Sea and
northern Taiwan were reported by Taipei at Sea of Japan.
271600: (Fic. 3-15-4)_
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TROPICAL DEPRESSION 16
AND TYPHOON ORCHID (17)

44

FIGURE 3-17-1. Sate.t te .mageLy ,houtin 9 ext ien6ve
unorgantzed conveCeon -En the vic.nty oj Guam, 05
SepebA 1980, 2150Z (NOAA6 imagey). This br4gehy
along ~th ,ynoptic and ai~twat data supported the
decaion to iLue the 6.nat war=n: on TD 16. The
inc.eased convection at and noth oj Guam a1o a-
teA ted JTWC to the po66ibte devetopment o6 anothei
disturbance between Guam and Sapan.

The discussion for Typhoon Orchid would
be incomplete without reviewing the brief and during the next 42 hours, JTWC tracked
life of Tropical Depression 16. Both systems the depression as it moved west-northwestwarddeveloped near the eastern extension of the Aircraft investigations during this periodmonsoon trough. The dissipation of Tropical showed a largely unorganized system. Unlike

t: Depression 16 was followed by the subsequent the investigation at 040155Z, these investi-development of the disturbance which became gations repeatedly suggested that multiple
Typhoon Orchid. The influence of the monsoon centers existed in the area. Post-analysistrough was investigated to explain the struc- indicated that sometime during the 42-hourture of these cyclones and, ultimately, to period, the surface center associated with TDoffer an explanation for Orchid's most unusu- 16 weakened within the trough while JTWC con-al behavior south of Japan. tinued to follow a persistent convective cen-

ter to the west.During the first few days of September,
the monsoon trough was evident as far east as Although TD 16 continued to weaken, warn-160E along 05N. Satellite imagery on 2 Sep- ings were still issued because the potential
tember indicated increased convection near a for significant tropical cyclone developmentweak circulation at the eastern end of the remained high in the region. Another distur-trough. The first of two formation alerts bance eventually developed northeast of TD 16was issued at 021400Z. Further development as TD 16 weakened. Satellite imagery re-
was not observed on satellite imagery during ceived at 052150Z (Fig. 3-17-1) s!jwed thatthe next 36 hours. A reconnaissance aircraft the entire area near Guam was under extensive,
at 04015SZ located a closed surface circula- but apparently unorganized convection. Thetion with 25 kt (13 m/sec) maximum winds and final warning was issued for TD 16 when air-a minimum sea-level pressure of 1002 mb. The craft reconnaissance at 060050Z failed to lo-
first warning on TD 16 followed at 040600Z, cate a significant surface circulation.
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By 060000Z, satellite imagery indicated on Tropical Storm Orchid.
that a tropical cyclone formation alert was
required for a rapidly developing disturbance During the five-day period from 02 to
just north of Guam. A reconnaissance aircraft 08 September, the axis of the monsoon trough
investigated the disturbance at 060120Z but moved from 05N to 18N. A near equatorial or
was unable to close a surface circulation, buffer ridge developed at low latitudes and
The aircraft and synoptic data showed an ex- extended from the Philippines to the east of
tensive light and variable wind area extend- Orchid. The pre-existing subtropical ridge
ing more than 100 nm (185 km) west of the north of Orchid and the presence of the near
disturbance. Synoptic data, nevertheless, equatorial ridge provided a broad wind band,
indicated that gale force winds (greater which extended counter-clockwise from the
than 33 kt (17 m/sec)) existed in the east- south-southwest of Orchid to the northwest
ern semicircle of the disturbance. After at distances as far as 800 rn (1482 km) from
coordination with forecasters at Naval Ocean- Orchid's center. A composite surface stream-
ography Command Center, Guaml, a gale warn- line analysis from 07000Z to 091200Z indi-
ing was issued for the area. The first warn- cates that this pattern maintained itself,
ing for Tropical Storm Orchid was issued at virtually unchanged, during a 60-hour period
070200Z. This warning was based on aircraft during which Orchid moved west-northwest at
reconnaissance at 070005Z which observed 45 12 kt (22 km/hr). Figure 3-17-2 shows this
kt (23 m/sec) surface winds in the northeast pattern with the 081200Z surface wind field
quadrant of the storm. The same aircraft ob- around Orchid superimposed. After 091200Z,
served only 10-15 kt (5-8 m/sec) northwest the northwest wind component strengthened
winds in the western quadrant, indicating around Orchid as the monsoon trough began in-

' that a closed surface circulation existed teracting with a mid-latitude trough in the
only for 6-12 hours before the first warning east China Sea.

iA'

iLia

FIGURE 3-17-2. A compoaite auAace atAemLtne amnt-
y6c6 oA thE monaoon twtugh bazed on data eotteed
640m 07000OZ to 091?OVZ. The 08120OZ zt~eamUflea
(dahed Una) AIe .zupeAimpoud 6o&. Otehid.

1 The Joint Typhoon Warning Center functions

operationally under the command of the Naval
Oceanography Command Center, Guam (NOCC).
Destructive wind warningsfor the western
North Pacific are included in the services

4provided by NOCC.
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Although TD 16 and Typhoon Orchid de- loss of rotational speed or a tap along theveloped in the same location with respect to side will cause the top to stumble and the
the monsoon trough, it now appears that TD base will appear to accelerate alo-- a pre-
16 failed to intensify because it could not dictable looping pattern until the cop's sta-
sustain its own circulation pattern indepen- bility is either restored or it comes to rest.
dent of the enhanced flow around the trough.
Orchid sustained an independent circulation it is suggested here that the effect was vir-beginning on 7 September. tually the same when Orchid began interacting

with the mid-latitude trough. The best track
By 090000Z, Orchid had moved north into shows that Orchid regained her equilibrium

the subtropical latitudes near 23N. The mon- within the mid-latitude trough prior to mak-
soon trough was showing signs of weakening, ing landfall in southern Japan. Orchid didand by 091800z, the eastern portion of the not loop again and she returned to a slower
wind band collapsed into Orchids's circula- speed of 18 kt (33 km/hr) prior to acceler-
tion pattern. Interaction with the mid-lat- ating during the extratropical transition
itude trough moving east from Asia signalled period.
the beginning of a change in Orchid's trajec-
tory towards recurvature. The numerical prog- Orchid caused considerable damage and
nostic series indicated a further eastward loss of life in Japan and Korea. High winds
progression of the mid-latitude trough, but and torrential rains associated with Orchid
the series did not reflect the presence of were blamed for six deaths, numerous inju-
Orchid at the middle and upper levels of the ries, and considerable damage to crops in
troposphere. Initial recurvature tracks anti- southern Japan. At least three deaths were
cipated a deepening of the trough and eventu- reported in South Korea as Orchid moved east
al recurvature southeast of Japan. The trough of Korea into the Sea of Japan. Another 112
stalled near 130E, however, and the opportu- fishermen were reported missing in the Korea
nity for recurvature was delayed until Orchid Straits following Orchid's passage.
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-

culation pattern; what wasn't known war the 1
effczt of this circulation pattern on Orchid's
tra3ectory. Once formed, Orchid moved to the
west-northwest at a nearly constant speed.
During this portion of her track, Orchid was I
well behaved and there was no known "rule of O M
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 090600Z. Beginning at 090600Z, 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, a1 |partial 700 mb track based on aircraft data,
and the overall smoothed track, which may have
been followed by Orchid at some level above
700 mb. An analogy which may offer some in- A
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 FIGURE 3-17-3. Typhoon o4chid, neaA maximum inten-
maintained a constant heading. As Orchid ap- , seond od the cy onc Loop,
proached the mid-latitude trough, this balance 10 Setb 1980, 0625Z. (TIROSN im7Igat)
was interrupted and the potential unstable
character of the cyclone, embedded in this
particular synoptic 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
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TYPHOON RUTH (18)

Typhoon Ruth was the second of five Ruth made landfall at 160000Z south of
typhoons occurring in September. Unlike the Thanh Hou, Vietnam. Nearly half a million

other typhoons, Ruth begaa as a monsoon de- people were left homeless with 106 persons
pression in the South China Sea on 11 Septem- known dead or missing in Vietnam. Ruth also
ber. For two days, the depression remained caused massive crop damages and interrupted
quasi-stationary with the weak surface cir- communications in the area.
culation embedded in the monsoonal trough.
Synoptic data on the 13th, however, indica- After landfall, Ruth again weakened and
ted that the circulation was intensifying; dissipated as a significant tropical cyclone.
also, satellite imagery showed that it was The remnants of Ruth tracked west-southwest-
forming its own outflow center. As a result, ward for the next two days and dissipated
JTWC issued a forntiVon alert at 130047Z. over the Bilauk-taung Range along the border
Later satellite data showed that further de- of Burma and Thailand.
velopment had occurred which prompted the
first warning to be issued on TD 18 at
130600Z.

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-

Oland 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 minimal 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
Perlroth (1969) who showed that vertical
temperature differences between 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 ft (61
m) temperature was 3.9C degrees or less.
Climatology for September shows that the Gulf
of Tonkin has warm sea 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 serveJ as a sufficient heat source for tropical cy-
clones, such as Ruth, to intensify when con-
ditions are favorable. This apparently is
true despite the fact that the Gulf is sur-
rounded on three sides by land.

J~7
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TYPHOON PERCY (19)

II

,i I

I7

I FIGURE 3-19-1. TAopicat Stor, Peac. at 45 kVt (23
' ,m/uecl itcrjny, 14 Septesbc.i 1910, 2333:. Pecy'-

' ew-teve/ cert, at that tbre ns, patia fy expo4ed
on the noctheaate%n edge oS a ta-ge r-ectvt sc ea.
NOWAA ZiagctAV)

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 130600Z Sup- 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 slow 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 132157Z. An aircraft vection on satellite imagery was displaced

f reconnaissance investigation soon afterwards southwest of Percy's surface center. The
Ifound 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 t.- flow in Percy's northern semicircle. Between
data, the first warning on Tropical Storm, 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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During this time, Percy deceleraLed and Interestingly, Percy did dominate much
began moving erratically. lie eventually com- of the low-level circulation pattern between
pleted two tight cyclonic loops while inten- 'he two systems. A reconnaissance aircraft

Ssiffng to Lyphoon strength by 160000Z. mission flown between Percy and Sperry
Shortly afterward, at 160248Z, aircraft indicated that the wind shift from southerly
reconnaissance reported that the eyewall had to northerly flow did not occur until about
become fully enclosed. JTWC forecast signi- 100 nm (185 km) west of Sperry's surface
ficant intensification for the next 36 hours center (Fig. 3-19-2).
as the Theta E ( ) forecast i:tensity aid
(see summary for 9uper Typhoon Kim) indicated Significant intensification did take
an approaching intersection of the 700 mb place as Percy's eye gradually grew tighter
equivalent potential temperature trace and and sea-level pressure continued to fall
the minimum sea-level pressure trace. (Fig 3-19-3). An aircraft fix at 171306Z

indicated a 700 mb height of 2387 m, which
During Percy's period of erratic move- extrapolates to a sea-level pressure of 919

ment, there was speculation that a Fujiwhara mb and supports maximum sustained surface
interaction might develop between Percy and winds of 125 kt (64 m/sec). Due to his prox-
then Tropical Storm Sperry, which was locat- imity to Taiwan, however, tercy then began
ed 800 nm (1575 km) to the east. A compari- to slowly weaken. A subsequent reconnais-
son of the post-analysis best tracks for sance aircraft at 171616Z reported a rise
Percy and Sperry shows that the two verticies in the 700 mb level to 2407 m. Approximately
were never close enough for an interaction to 9 hours later, Typhoon Percy made landfall
occur (Brand, 1968). on the extreme southern tip of Taiwan.
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FIGURE 3-19-Z. Peacy ju~sL p-o to aeacing ty-fj ~phcon 3t.,e.±g edw-irg the pcvt. M oj c=m4tc i-~c-
re.nt ev. .he Phiip-i:ne Sea, 15 S .ptemcA 1980,
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TYPHOON SPE Y (20)

Typhoon Sperry develo-ed in the monsoon tropicaL stor- strength of 35 kt (18 r/sec)
trough east-southeast of G-a-. The distur- by that time. The 141200Z 500 -b analysis
ba.ce was first reported in the Significant (Fig. 3-20-1) and the 72-hour numerical fore-
Tropical Weather Advisory (ABE_. PTC) on 12 cast series (see Fig. 3-20-2) suggested that
September as an area of showers and thunder- a straight forecast track toward Ky-ushu, Japan
showers. Sparse synoptic data did not indi- was -ost likely because the forecast series
cate that a surface circulation existed at built the subtropical ridge northwestward
that tim. However, the upper-air nattern toward Japan. Thus, on the initial warning,
ras favorable for continued develo.=nt. Sperry was forecast to track along the south-

Sperry developed slowly and was described in ern periphery of the 500 -b subtropical ridge.
the ABEH PGIW on 14 Septe--ber as a larg_ sur- An early recurvature track was not considered
face circulation with little organized conv-ec- likely due to the forecast intensification of
tion. A well-defined upper-level anticyclone, the subtropical ridge.
which provided a gcod outflow =echanis- for
continued development, existed ovrer Sperry. By 160000Z. it was evident that the sub-

tropical ridge was not building as forecast.
he initial warning for Tropical Depres- Southerly steering flow was evident south and

sion 20 was issued at 150000Z. Post-analysis east of Japan. Sperry was being steered by
indicates that Sperry had actually attained the mid-level southeasterly flow and was ex-
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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. Tht.s change to a recur-

S6 vature track was supported by the 161200Z

U1Vj 70 500 mb analysis (Fig. 3-20-3) and the 72-hour

numerical forecast series (see Fig. 3-20-4).
57 "Sperry did, in fact, recurve, but significant-

376 ly south of Japan as the subtropical ridge
2 retreated to the southeast. This discussion

0- of the forecast tracks for Sperry illustrates
the difficulties that JTWC encounters both inf Hanalyzing the axis of the subtropical ridge

in data sparse regions and interpreting the

72 ~guidance from numerical forecasts for the

4same region.

As Sperry began to recure on the 17th,

"T 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

-_r 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-

FIGURE 3-20-2. The 48 hou 500 mb niummam t 6o/L- sulting from the higher environmental pres-

cUt ahaJt be- d on the 141200Z SeptembeA 1980 com- sures at subtropical latitudes.

puteA anatya 6 . JTWCs 150000Z Septembe,, jorecat
tuack 6oAt Spemyu is ato indicated, 6&wm -in~at
po.}Ztion to :the 72 houk foreca6t pobtion.

'9

I3 IL

~FIGURE 3-20-3. The 361200Z SeNpteabsA 1980 500 mb
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TROPICAL STORM THELMA (21)

Thelma began as a disturbance in the pressure (Atkinson and Holliday, 1977). Also,
monsoon trough approximately 100 nm (185 km) the maximum wind band was some distance away
north-northeast of Saipan. Although Thelma's from the center, and the 700 mb temperature
forecast track posed few problems, analysis field showed higher temperatures outside the
of the cyclone was not straight-forward due cyclone center for most of the early aircraft
to Thelma's very abnormal structure. penetrations. Table 3-3 presents a summation

of aircraft data and highlights the points
Satellite imagery began showing intensi- presented above. Figure 3-22-2 shows the re-

fi:ation of convective activity in the maxi- connaissa,,ce data plot for the last daylight
mum cloud zone within the latitude belt 10-20N penetraton of Thelma. The wind field and
from southeast Asia to the Marshall Islands other data presented on the plot are fairly
on 23 September. A siqnificant area of con- representative of Thelma's entire life.
vertion developed in the monsoon trough near
Saipan early on 23 September. This convec- As previously stated, Thelma's track pro-
tion gradually increased and began suggesting sented no real problems. Streamline analyses
the presence of a surface circulation later at 0O mb showed that Thelma developed just
on the same day. Data at 500 mb, howe~er, south of a break in the subtropical ridge.
.indicated that the curvature in the cloud After following a northwesterly course, Thel-
signature was associated with a mid-tropo- ma first turned northward and almost immedi-
spheric circulation as no circulation was ately thereafter began to track north~eastward.
apparent from surface/,radient wind data. A Cyclogenesis/frontogenesis occurred simulta-
circulation at the surface/gradient level was neously in a baroclinic zone that persisted
finally analyzed just south or Guam at throughout Thelma's life in the area from
241200Z. By 250000Z, the low-level circu- Okinawa northeastward to a point off the
lation that produced Thelma was analyzed coast of Japan. The continual presence of
over the Northern Mariana Islands (Fig. 3-22- this surface trough appears to be one of the1). This circulation continued to develop factors that directed Thelma's northeastward

and drift westward while becoming the domi- movement (Fig. 3-22-3). Upper-level steering
nant circulation in that portion of the man- was provided by relatively strong westerlies
soon trough. which reached south to the Bonin and VolcanoE Islands. During her northeast trek, Thelma

From her onset, Thelma did not display reached maximum intensity of 55 kt (28 m/sec).'I classical tropical storm characteristics. Further intensification was probably sup-
Height gradients observed by reconnaissance pressed by restrictions on her upper-levelaircraft at 700 mb vcre very flat; thus maxi- outflow. The]ma continued to accelerate
mum winds near the center were significantly toward the northeast and transitioned into
lower than suggested by the central sea-level an extratropical low pressure system by

0400Z on 30 September.

I

TABLE 3-3

Maximum Temperature intensity (KT) Bearing/Range
Central Pressure

Date/Time Inside Center Outside Center Observed Atkinson/ of MAX FLT LVL
0C  0 C MB

Surface ,olliday Wind (DEc/MM)

27/1530z 12 13 993 N/0 42 100/136

28/0308Z 14 15 989* 30 48 320/110

28/1418Z 12 15 987 N10 50 240/40

29/0258Z 14 10 9R2 55 57 350/110

29/1500Z 13 13 981* N/O 59 120/150

AirCraft data extracted from detailed vortex messages and peripheral data observations. Mterisks indicate
central pressure extrapolated from 700 mb data.)

FIGURES 3-22-1, 3-22-2 and 3-22-3 aae on th jott2ew.Zng pae6.
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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-

Pacific reaches its peak. Multiple circula- tember and beginning of October.

tions develop within the ,ear Equatorial
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

the same time. (370 kin) northeast of Eniwetok Atoll on 26
September. Initial movement was westward at

If one tropical cyclone is located to about 7 kt (13 km/hr). As the convection
the northwest of another developing circula- continued to organize, a Tropical Cyclone
tion, it usually dominates and prevents the Formation Alert (TCFA) was issued at 270600Z, L

system to the southeast from intensifying as and the first warning followed 12 hours later.
rapidly as it normally would. This is due
primarily to the upper-level outflow from During that period, Tropical Storm
the system to the northwest which enhances Thelma was developing north of Guam. Thelma,
the climatological northwesterlies and re- although never more than tropical storm
stricts the outflow channels of the cyclone strength, nonetheless had a huge associated

i located to the southeast. The cyclone to cyclonic circulation pattern which extended
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.
development of the system to the southeast Because Thelma covered such a large area and
is, therefore, delayed until the other cy- was located to the northwest of Vernon, she
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
comes insignificant (see Roger and Tip, 1979 northwest semicircle in the manner described
and Lex and Marge, 1980). Typhoon Vernon above.

1 
.j !Ck n

FIGURE 3-22-1. Ltpet-tevt atuaatiAe natysis
(neax the 200 mb tevet at 290000Z Septembea 19M).

Daa x umimonde ap4 aiatat win4 - 1 huiI
saett-eie kind vectou I-') Wgnd& ate5in ko..
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After the 28th, Vernon began tracking flow in his northwest semicircle (Fig.
more northwestward as he moved into the mid- 3-22-1), but by 011200Z, Thelma had movedlevel trough which was associated with Thelma. off to the northeast. This opened up anThelma helped to maintain this trough through- outflow channel to t.he north and northwest
out her lifetime as indicated by reconnais- (Fig. 3-22-2) which enabled Vernon to reach
sance aircraft and the few island reporting his maxtmum intensity of 105 kt (54 m/sec)
stations in the vicinity. Vernon was steered (Fig. 3-22-3). Without the influence of
by the southeasterly winds on the east side TS Thelma, Vernon most probably would have
of this trough until 021200Z October. At reached maximum intensity earlier and main-
that time, he came in contact with the tained it longer.
southern extension of the mid-latitude jet-
stream Ahich accelerated him to the north- Vernon made the transition to an extra-
east, eventually to 53 kt (98 km/hr). tropical system quite rapidly. Satellite

imagery showed that he lost almost all of
Figures 3-22-1 ai.d 3-22-2 show a his heavy convection between 031200Z and

dramatic change which took place in the 031800Z. Ship reports off the coast ofupper-level flow pattern; the outflow from Japan indicated that the remnants of Vernon
Thelma initially restricted Vernon's out- continued to maintain gale force winds until

5 October.
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SUPER TYPHOON WYNNE (23)

The disturbance that eventually developed Although Typhoon Lex may have been the
into Super Typhoon Wynne was evident on sat- most interesting cyclone of the year in terms
ellite imagery as early as 1800Z on 30 Sep- of movement, Super Typhoon Wynr. proved to be
tember, although at that time, it appeared the most unusual in terms of intensity oscil-
to be simply enhanced convection embedded in lations. As shown in Figure 3-23-3, Wynne's
the convergent inflow into Typhoon Vernon 1o- early stage of development was characterized
cated 1000 nm (1852 km) to the northwest. By by short periods of rapid intensification and
020000Z October, however, the disturbance had weakening, rather than by a typical smooth,
separated from the inflow into Vernon, and gradual intensification. Frcm 3 October .
by 021200Z, the convective activity had in- 7 October, Wynne's intensity and convective
creased in organization with good curvature activity fluctuated significantly, as she at-
and upper-level outflow evident from satel- tained Lyphoon or near typhoon strength only
lite data. to weaken to near tropical depression inten-

sity three times following a diurnal cycle.
The small scale of the disturbance and Although not as marked as the oscillations in

the tightness of the circulation that charac- the observed maximum winds, the minimum sea
terized Wynne during most of her life pre- level pressure also exhibited a cyclical os-
vented the circulatio.n from appearing on cillation that closely approximated the peri-
synoptic analyses and led to an underestima- odicity of the maximum winds.
tion of severity during her formative stage.
These facts heavily influenced the decision There have been documented cases of
to delay the issuance of a Tropical Cyclone tropical cyclones exhibiting intensity vari-

Formation Alert for 21 hours, although post- ations (Holliday, 1976). However, these
analysis indicates that tropical storm occurrences were limited to well-developed
strength was achieved as early as 030600Z. typhoons with minimum sea level pressures

below 970 mb and with a single weakening-
reintensifying cycle.

An examination of the satellite imagery
*during this period of large short-term

changes in intensity (Figure 3-23-4) reveals

that maxim=m activity in deep convection oc-
curned in the early morning hours (0700 to0800 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
observations agree with the findings of
Arnold (1977). Although Arnold found no

evidence of intensity change accompanying
the change in cirrus or deep convection,
significant intensity change was observed
in the case of Wynne with a lag of 6 to 8

040 hours between maximum convective activity

2 and maximum observed winds.

Wynne's third and final period of weak-
enfng occurred as she tracked 45 nm (83 km)

60"m R northeast of Guam. This weakening, combined
f with her small circulation, resulted in

Wynne having virtually no effect on Guam.
Wynne continued to intensify rapidly fol-

04N* lowing her third reintensification cycle at
071800Z, 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 Wynne near maxi=um inten-

rlJqrE 3-23-1. Ptot c! aZuzc.At %conru.saJce dat sity about 490 nin (909 k=n) southeast of

iot the 040.- rd C.3SZ fttobv, 10 SiC.S c4 Okinawa. Minimum sea level pressure (P.SLP)
during this 35-hour period dropped from 982
mto 890 mb -a 31 mb/12 hr fall.

J7IWC's Theta E (8 )/vSLP study once
again accurately predicted this explosive

Because of her proximity to Guam, numer- deepening as the e and 1SLP trace inter-
ous aircraft reconnaissance missions were 0 8 1 4 0  Wynne's intensity peaked

fo aintoath deoaisnce misiop s c e. 16 hours after the time of intersection with
flown into the developing tropical cyclone,.h ufc id nresn y8 t(4mThis xtenive overge cnfired Wne'sthe surface winds increasing by 85 kt (44 m
This extensive coverage confirmed Wynne'ss-all circulation (Fig. 3-23-1 and 3-23-2) sec) and tne MvSLP falling another 62 mb.

and permitted JTWC to monitor her develop-
ment very c'tsely. As Wynne tracked north-northwstard

past Guam, she was expected to move through
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an apparent weakness in the subtropical k=) northwest of Ainawa and closer to~ynne's
ridge north of Guam. However, the weakness path, however, reported winds of 100 kt (51
between 25N and 30S was evidently too far =/sec) and severe damage.
north to permit her to break through the
ridge, and sne eventually came under the in- Once north oL the ridge axis, Wynne
fluence of the strong anticyclone located tracked virtually straight east-northeastward
between Okinawa and the Bonin Islands. Post- on a heading of 070 degrees. This course kept
analysis of available 500-mb data indicates her approximately 80 nm (148 k.=) from the
that a change to a more westward forecast coast of Japan. Thirty (15 n/see) to forty-
track around the southern periphery of the five kt (23 m/sec) winds were reported by
anticyclone could have been made 24 hr ear- Japanese coastal stations as Wynne acceler-
lier. Once the forecast track was changed to ated northeastward. Heavy rains claimed Sev-
reflect the shift in the synoptic flow pat- eral lives and flooded over a thousand homes.
tern to a more definitive easterly steering
current, J=WC was consistent in accurately As Wynne accelerated past Japan at speeds
predicting recurvature just west of Okinawa. exceeding 40 kt (74 k/hr), the vertical wind
Wynne actually recurved 100 nm (185 kin) west shear and the influx of cooler, drier air re-
of Okinawa, and her slow 7 kt (4 m/sec) bend sulted in rapid extratropical transition. A
around the island brought over two days of reconnaissance aircraft at 141500Z was unable
torrential rain and winds gusting to more to find a circulation at 700 =b and satellite
zthan 65 kt (33 m/sec). Very few injuries imagery at 141800Z revealed no active convec-
were reported with farm crops receiving the tion. The remnants of Wynne eventua-1y were
major wind damage. A small island 30 nin (56 absorbed by a developing low pressure system

east of Japan-

4

~1

FIGURES 3-23-3 and 3-23-4 Ze on thet oxing w
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TROPICAi. STORM ALEX (24)

Tropical Storm Alex, the 24th tropical Nearly the ntire western half of the circu-
cyclone of 1980, was induced by a Tropical lation was exposed at that time.
Upper Tropospheric Trough (TUTT) in a manner
similar to that described by Sadler (1976). For the following 48 hours, the distur-
A small disturbed area of convection drift- bance intensified gradually and tracked north-
ing westward from near 170E was observed on westward at 12 kt (22 km/hr). At 120600Z,
satellite imagery on 7 October. By the 8th, the firt warning was issued for TD 24. With-
this area had come under the influence of a in 24 hours, TO 24 intensified to Tropical
relatively strong upper-level divergent area Storm: Alex with maximum surface winds of 35
generated by a dissipating TUTT cell. The kt (18 m/sec). At that time, Alex's low-
convection increased noticeably with outflow level circulation center was not exposed to
to the north, but little outflow was evident the west, but aircraft reconnaissance encoun-
in the southern and western quadrants. tcred only weak convective activity around

the circulation's center. During the next6
The restricted outflow pattern was char- hours, Alex recurved to the northeast and

acteristic fhroughout Alex's existence and is weakened to 30 kt (15 m/sec) intensity.} attributed to the proximity of Super Typhoon
Wynne, which was located west of Alex. Alex's After Alex had recurved, Alex and Wynne

coexistence with Wynne was significant in were within 800 nm (1482 km) of each other
light of Wynne's overall dominance of the such that a Fujiwhara effect was possible.
western Pacific region. Wynne absorbed much This was not observed, however, because Alex
of the energy that otherwise would have been and Wynne were both beginning to interact
available to Alex (Fig. 3-24-1). with the jet stream which became the dominant

steering mechanism over both cyclones. Due
Satellite imagery showed that the con- to this jet stream, Alex rapidly accelerated

vective area continued to persist until late northeastward. At 140000Z, JTWC issued the
on the 9th when JTWC issued a Tropical Cy- final warning on Alex as he was beginning to
clone Formation Alert (TCFA). Aircraft re- transition into an extratropical system.
connaissance on the 10th found a weak surface Satellite imagery received after the final
circulation with the associated convection lo- warning showed that the transition was very
cated north and east of the surface center, rapid.

2342 -NiA imay
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TYPHOON BETTY (25)

Betty, the 25th significant tropical cy- available, especially from reconnaissance
clone of 1980, developed east of Truk Atoll aircraft, such data usually increase the
from a weak disturbance which had been moni- ability of forecasters to evaluate tne po-
tored for almost a week in the eastern Caro- tential for changes in the short-term, as
line Islands. Just prior to passing south well as long-term motion of tropical cyclones.
of Guam, Betty attained typhoon strength and
then continued to intensify as she tracked After passing south of Guam, Typhoon
into the Philippine Sea. About 12 hours Betty turned west and conti.:ued to intensify,
prior to landfall on Luzon, Betty reached reaching 100 kt (61 m/sec) 48 hours later.
her peak intensity of 125 kt (64 m/sec). During this period, tne 500 mb analyses be-
During the 18 hours that Betty tracked over gan to show a short wave trough moving east
north central Luzon, she weakened consider- through mainland China. JTWC forecasts keyed
ably, but in the process caused extensive on this feature and, based on computer-deri-
damage and loss of life. Downgraded to trop- ved prognostic charts, recurvature was ex-
ical storm strength, Betty moved northeast- pected to begin near 125E by 030000Z. The
ward through the Bashi Channel and eventually probability of this forecast verifying in-
dissipated as a weak extratropical low creased when, at 020000Z, the short wave
southeast of Japan. trough deepened as it moved off Asia. How-

ever, by 021200Z, Betty unexpectedly turned
Betty had her origin in a weak distur- southwestward. By 030000Z, the trough had

bance south of Truk which showed increased moved quickly eastward north of Betty and
potential for development on the 27th and the opportunity for recurvature had passed.
28th of October. The 280000Z gradient level Shortly afterwards, attention focused on
winds from Truk and Ponape, as well as low- another short wave moving through China and

ilevel winds from a weather reconnaissance recurvature was again forecast to occur, this

flight west of the disturbance, indicated a time just east of Luzon. By 040000Z, how-
closed circulation with 20 to 25 kt (10 to ever, available 500 mb data did not show any
13 m/sec) winds. At 280800Z, a Tropical significant amplitude to this trough and the
Cyclone Formation Alert (TCFA) was issued recurvature track was abandoned in. favor of
and, during the alert period, the distur- a northwestward track over Luzon into south-
bance veered sharply to the east as it ap- ern China,
aproached Truk on an erratic course from the
south. After veering, hourly reports from Although Betty continued to intensify
Truk and satellite imagery indicated in- after passing Guam, the data normally used
creased organizatio4 and the first warning to evaluate a tropical cyclone's intensityfor TD 25 was issued at 290000Z with maximum showed considerable scatter. Figure 3-25-1
surface winds of 30 kt (15 m/sec). graphically depicts these data as well as

the final best track intensities. In search-
Despite the erratic movement shown during ing Zor an explanation of the scatter, the

its formative stages and the apparent north- comments from mission ARWOs on 01 November
eastward trajectory TD 25 had assumed by the and 04 November may offer some insight con-
first warning, the initial and subsequent cerning the character of Betty during this
warnings correctly identified a west-north- period. On the 011594Z mission: "Although
west track which indicated passage just this storm (Betty) was strong, it had no eye-
south of Guam. However, due to limited mid- wall. The most fascinating feature was the
level (700 mb or 500 mb) steering data rotating feeder band of convection that ras
north of Betty, the first six warnings spiralling inward at an enormous rate." On
failed to adequately forecast her accelera- this single fix mission, a maximum 700 mb
tion which resulted in a speed of movement flight level wind of 95 kt (49 m/sec) was
of 21 kt (39 km/hr) as she passed Guam. As observed. However, daylight missions before
a result, although the 72 hour forecast posi- and after this mission estimated surface

tion of the second warning predicted Betty's winds in excess of 100 kt (51 m/see) (Fig.
exact position as she passed south of Guam, 3-25-2). On the 032200Z, 040150Z and
the average vector error during this period 040340Z fix missions, it was observed that
was very high. The 72 hour forecast posi- "Typhoon Betty ..... was a textbook typhoon.
tion mentioned above, had a total error of Everything was aligned perfectly."

2  At
585 nm (1083 km) due to the acceleration 040600Z, Betty reached her peak intensity of
which caused Betty to reach the 72 hour 125 kt (64 m/sec). The development of a
point in just 34 hours! Such errors result- textbook typhoon correlated closely with
ing from under forecasting speed of movement the raduction in scatter between maximum
highlight the importance of adequate mid- surface wind estimates shown in Figure
level data in the steering current. when 3-25-1.

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

ARWO.

2 Jame:i B. Near, 1 LT, US!,, Mission ARWO.
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The decision to abandon a forecast re- Betty crossed Luzon. However intense Betty
curve track east of Luzon put the central may have been, there is little doubt that
and northern provinces of Luzon on alert, she was one of the most destructive typhoons
At 0416002, Typhon Betty, packing 120 kt of recent history. Initial reports re-
(62 m/sec) winds, slammed into central Lu- ceived several days after Betty crossed Lu-I on South of Cape San Ildefonso. Most wea- son indicated at least 81 people dead,
ther observing stations stopped reporting thousands homeless, and extensive crop
prior to Betty's approach, so her actual in- damage from flooding and mudslides. The
tensity as she crossed Luzon can only be Cagayan Valley in northern Luzon, hard hit
inferred from a JTWC study of prior tropi- by Betty, lost most of its rice crop from
cal cyclones crossing the Philippines floodwaters which rose to roof-top level in
(Sikora, 1976), satellite imagery (Dvorak some areas. Philippine Defense Minister,
intensity estimates), and aircraft recon- J~uan Ponce Enrile, described the Cagayan
naissance reports just prior to and after '.alley from a helicopter survey, stating,

'It looks like a sea from the air."
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As Betty weakezed over Luzon, the ridge never regained her earlier fury as she
that influenced her traCY into the Philip- moved east of Taiwan and the Ryukyu Islands
pines broke down, thus, allt~i'ing her to drift before undergoing an extrotropical transi-
northward along the Cordillera Cantral lMoun- tion just prior to 0800oOZ. As an extra-
tains and eventually to be drawn into the tropical system, the remnants of Betty did
weak short wave trough which had stalled off not persist long. This once powerful ty-
the coast of Taiwan. Emerging from Luzon as phoon was last observed 12 hours later dis-
a 45 kt (23 m/sec) tropical storm, Betty sipating southeast of Honshu, near 32N4 143E.

,V1

4
FIGURE 3-25-2. OUaing this stage o6 Typhoon Bettj'6
devecpeii, &x.tense bandig ou tepo.tted by aL'a-
=jSt uccnnaiss6ance atong w~ta aPeas o6 amunace

&ard in excess oJ 100 kt (51 m/sec), 31 Octobvi1 1980, 2252Z. WAA6 iimigeayl
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TROPICAL STORUM CARY (26)

Tropical Storm Cary was first observed coastal stations. Based on this information,
zas a area of increased convective activity a second TCFA was issued at 282200Z.

east of the Palau Islands on the 25th of
October. A Tropical Cyclone Formation Alert The circulation maintained its indenti-
(TCFA) was issued a day later when the dis- ty as it passed over the Philippines just
turbance had moved to a position about half- south of Clark AB and Sub-c Bay Naval Sta-
way between Yap and the Palau Islands. tion. The first warning on TO 26 was issued

at 291200Z as the disturbance was moving into
All convection associated with this cir- the South China Sea. Tropical storm strength

-culation dissipated shortly afterward, how- was reached 6 hours later.
ever, leaving only in exposed low-level
circulation center. Over the next 24 hours. Tropical Storm Cary moved west-north-
the system moved west-northwestward toward westward and then west-southwestward in
the Philippines. Just east of the Phillip- response to a low-level northeast monsoonal
pines, the convection again developed and 30 surge (Fig. 3-26-1) and eventually dissi-
kt (15 n/see) winds were reported from pated over Vietnam on 02 N'ovember.

-J 7

If

ft ?

L IFIGEIRn 3-26-1. TwepiceL Vot- Ca recr ir-
-4 tenaetyq in the South China Sea. The 3u~acc centot

Za W.~Uqt expoed 4~s indicated by the c-ouu
bar4y .disuthe"t o,4 the =sin convection, 01 Momv

Ali 1980, 0033Z. MA"(U iwqvy)~j
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uTy-MVO DIzJA- (27)

Dinah, the final typhoon of the 1980 A post-analysis of Dinah's deVelopon

season and the third tropical cyclone this reveals soe unique properties- First, she

season to threaten Guam, began to develop in exhibited a very co=pact circulation, which.-.~ n a ~ e c t h r o u h u t h e r lI f es p ~ a s

mid-Novetber as a focal point of cuulus she maintained n as a

banding e=bedded in the =onsoon trough ori- tropical cyclone. The 30 kt (15 n/sec) wind

ented east-west near KRajalein. Initial radius was significantly less than noral-

development of this syste- was slow and Second, a persistent easterly flow occurred

erratic, as four successive Tropical Cyclone near the surface during Diuah's initial de-

For--ation Alerts (T.rs) were issued for this velop=ent and --ay have been a prinary factor

area bet en 18 and 20 Movebher. on the 21st for her slow and erratic development- For

however, this syste= finally established a exale, the surface analysis at 200000Z

well-developed outflow pattern, and its (Fig. 3-27-1) indicatedl, an associated surface

heaviest associated convection, which was circulation near 4N 168E and a brisk easter-

initially =ore evident along the peripher ly gradient-level flow north Of he surface

of the circulation, began to consolidate circulation. This flow pattern resulted in

about the syste--'s center. The first both the abnor--ally rapid tovement of the

Iwarning on tropical Storm Dina'. was issued developing system and an unusually pronounced
- -oat 2106007. At that t;e, having estab- azyetry._ in her wind field which displaced

l fished a well-developed outflow to all the maxinn wind band to the north of the

Scuadrants. Dinah intensificd rapidly and circulation center. A subsequent surface

E -- subsequently reached typhoon strength at analysis, at 211200? (Fig 3-27-2), however.
2118G0Z. ju st 12 hours after the initial did not indicate a surface circulation, but

warning, rather weak easterly flow south of where the

E I - -I

r • - - -1 . , i

- -- t-1---- -+- c * + ___ __

t : - | "-'" = EmiEW TAX 4. .

IL- ._._ __, ,_ , !

i i " ... ... ___.... i:

-- :1'D. .•

'aA; T P- "i T 0

'AR147
I I -i 3 -:74 . _ dM *d e i .

103

, If_



-~ - -- ----- ;-

circulation's position **as indicated in sat-
ellite imagery. At the same time, cyclonic
flow was present over the area at 500 mb and
a closed cyc'.onic 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

Ithat subsequently generated its own surface
circulation. The Aerial Reconnaissance Wea-
ther Officer (ARWO)l aboard the initial

i -4 -- ,-"- -flight 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 northwestbecause it may just have actually closed

Citself3 off".

By the time Dinah intensified to a ty-
-4--4-4--'---------- ---- 4- -+--- 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 priorI to and subsequent to the a .craft evacuatio;
demonstrates the great importance of enroute

FIGURE 3-27-2. The 2012C0Z Novembe' 1980 zuAn.ce aircraft reports of flight-level winds

/------)gudZent-teuet 1ddd4----) wind da and (AIREPS) and the significance they can make

st eanty . Wind zpeeds axe in knots. * to a tropical cyclone forecast. The 500 mb

indicates ateUlte Position06 Dinah a. about the streamline analysis at 211200Z (Fig. 3-28-3)
shows a strong anticyclone near Marcus Is-

same Ume. 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

130 140& 1 150 155 10 17

104

HOURE 3-27-3. The 21120OZ Novembok 1980 500 mb Wind
datat and .staeamtine anatyWZ6 Wind speeds oAe in
knots.

'Richard F. Ferris, 1 Lt, UJSAF: mission ARWO
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n'b streamline analysis at 220000Z (Fig. gusts to 130 kt (67 m/sec). After crossing
3 28-4), which was augmented by a series of Saipan, Dinah continued to move through the

-PS taken by an evacuation flight en- weakness in the ridge near 140E and began to
ate from Guam to Okinawa, enabled JTWC to Fecurve to the north on 23 November. She

Analyze a eakness in the ridge just north then weakened and accelerated to the north-
of Guam. In view of this new information, east in response to a mid-tropospheric long-JTIC amended Dinah's forecast track to pre- wave trough which was moving eastward past
'ict that Dinah would track near Saipan vice Marcus Island on the 24th. Dinah transi-
Guam. Because Dinah was so compact, this tioned to an axtratropical cyclone by 251200Z.
small change in track was enough that Guam
received very little wind as Dinah passed to Damage to the islands of Saipan and
the northeast, but Saipan and nearby Tinian Tinian was massive, with 60 homes destroyed
received typhoon-force winds and sustained and another 214 homes suffering damages.
extensive damage. Saipan, in the aftermath of Typhoon Dinah,

was completely without power for several
Dinah continued to intensify rapidly as days and 85 percent of the water system was

she began to move into the weakness north of not functioning. Carlos S. Camacho, GovernorGuam toward the Northern Marianas Islands. of Saipan, estimated damages totalling 7 mil-Dinah subsequently crossed the northeastern lion dollars. Shortly after damages were
portion of Saipan at 221845Z and reached assessed, President Carter declared the area
maximum intensity at 222100Z, with maximum a major disaster area, enabling the area to
sustained winds of 100 kt (52 m/sec) and qualify for federal disaster fund relief.

7____ /
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FIGURE 3-27-4. The. 22000Z Novem~beiL 1980 500 mb w-.d
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TROPICAL STORM ED

i
Tropical Storm Ed was the '.ast signifi- aircraft observed a well-defined low-level

cant tropical cyclone to devc op in the west- circulation with a minimum sea-level pressure
ern North Pacific in 1980. Ed was never of 1004 mb. The first warning on Tropical
forecast to reach typhoon strength due to the Storm Ed was issued at 16O 00Z when 50 kt
strong vertical wind shear which developed in (25 m/sec) surface winds and a 991 mb pres-
the vicinity of the Philippine Islands during sure were reported. Maximum surface winds !
the last half of December. were consistently observed northeast of Ed

in a region of enhanced pressure gradient
Tropical Storm Ed was first observed as a between the cyclones center and a strong

disturbance near Yap on the 14th of December. surface ridge.
The disturbance moved westward at bet~ieen 12
and 15 kt (22 to 28 km/hr) as its convective It became evident from synoptic analyses
activity and overall organization continued that Ed was moving ilto an area which was un-
to improve. A Tropical Cyclone Formation favorable for continued development. Figures
Alert (TCFA) was issued when a reconnaissance 3-28-1 and 3-28-2 are representative of the
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basic flow patterns which existed at the sur- weaken as his convection moved off to the
face and 200 mb levels during most of Ed's northeast, but it also helped to maintain a
existence. The strong surface ridge men- confused steering flow which induced Ed to
tioned above e>tended from the Asian mainland follow an erratic course while he was north-
into the Paci-ic Ocean north of Ed and main- east of Simar.
tained a st-ong northeasterly low-level flow
in the vicinity of the Philippine Islands Eventually, after most of his convection
(Fig. 3-28-1). At the same time, strong had been sheared off, Ed's surface center be-
southwesterly flow at the 200 mb level was gan to track to the southwest under the in-
present off the east coast of the Philip- fluence of the strong surface ridge to the
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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I 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 1Q79 total of seven which was the
significant tropical cyclone activity in the greatest number observed in the two areas
North Indian Ocean area (Table 3-3). Two since JTWC expanded its area cf 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

0 NF(CALENDAR 
MAXC EST NUMBERDAYS OF SrC MIN OF tiAC

CYCLONE PERIOD OF WARNING WARNING WIND(KT) SLP WARNIn2GS TRAVELLED(NM)S "TC 
2 3-80 17 NOV-19 NOV 335 995 8 940

TC 27-80 16 DEC-17 DEC 2 35 996 6 2122

1980 TOTALS 5 
14

TABLE 3-4

on 1980 SIGNIFICANT TROPICAL CYCLONE STATISTICS

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

ALL CYCLONES 0 0 0 0 0 0 0 0 0 0 1 1 2

(1971-1979) AVERAGE* 0.1 0 0 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%1 Formation Alert Events developed into numbered cyclones.

WARNINGS Number of warning days: 5

Number of warning days with 2 cyclones: 0

I Number of warning days with 3 or more cyclones: 0

From 1971 through 1979. only Bay of Bengal cyclones were considered; the JTWC area of responsibility was

extended i. 1975 to include Arabian Sea cyclones.
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E l TC 23-80

TC 23-R0 was the first of only two sig- east. The main area of convection and the
nificant tropical cyclones in 1980 to occur associated l.ow-level center did indeed begin
over the North indian Ocean. It developed to recurve. However, satellite imageries,
during the autumn transition season just which were evaluated during post-analysis
prior to the northeast monsoon period. Orig- (Fig. 3-29-1), indicate that a second low-
inating as an area of enhanced convection in level circulation formed southwest of TC 23-
the monsoon trough off the southwest coast of 80 on 17 November. The first circulation
India, TC 23-80 tracked steadily northwest- continued northeastward and dissipated near
ward over the Arabian Sea betw-n 12 and 17 the Indian coast, while the secondary circu-
November. lation czntinuted moving westward as a well-

defined, exposed low-level circulation (Fig.
On 17 November, a mid-tropospheric 3-29-2). This secondary circulation eventu-

trough tracking eastward toward India began ally weakened and dissipated on the coast of
to induce TC 23-80 to recurve to the north- Saudi Arabia, five days after cyclogenesis.

Aa

1
!4

FVE.-9 TC23-80Oju ptiot to .aecw.uatue FG .E-9-.The ec ondpt csv-tc ee~a aa

cut.ation 1 0 ) is ju t begin,.ing to devetop on Sad Awbia, 19 Mlove',be 1980, 0358Z. IhVOAA6 ima]~
thze ex 'teme soulhuoe, edge oS th~e mai mr4 oJ con- 6itom AFMC, O{6u;t AFB, Mleb.,ka)
vection, 17 Movembea' 198 0, 1539Z. (MOAUA6 imagehu6A,
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CHAPTER X - SUMMARY OF FORECAST VERIFICATION E

1. ANNUAL FORECAST VERIFICATION dividual tropical cyclones were calculated
and are displayed in Table 4-1. Annual

a. Western North Pacific Area mean errors for all tropical cyclones are
listed in Table 4-2 for comparison. Fre-

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 allverified 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.

TABIE 4-2. F08.2AsT0 Em $ 8 70 3 198- wOsTax v61 mc1Aic70 siGiiANT "or7iCA

66681-0 :4 2.,7R 48 HOU.R 72 /////

E "3O A ERR MW '-K r-RAO. _E R "f3 CMkR MO WM

I. 710- 26 12 17 102 20 14 94 51 11 157 65 7
I. 1 9 '54 90 9 26' 79 20 16 5

2 D 29 i5 42 137 106 39 191 Ill 27 324 237 23

r.I.u 14 10 14 130 76 31 300 23. 27 484 414 2)
. 3. pST 37 17 26 106 56 22 227 123 10 388 227 14

19 Is C9016 44 29 1 112 52 10 199 141 6 29 M9 2

1968667 29 29 is 7 1 11 130 101, 7 64 53 2.

9. 191.A 21 1 21 9 17 19 182 73 14 253 126 7

j 9. lY j,_F h 13 25 99 61 20 197 ,6 17 101 164 13

10.191 12I 33 7 215 92

11. .22 23 IC 2 95 63 as 159 lo9 22 211 123 18

1.. 79Y0 LEX1 36 137 1 32 324 251 24 4"9 421 20

11. y 20 -1 11 114 58 2& 276 180 20 5"6 371 12

14. 71-4 116 6? 2

.5. 7 fo-2:42- 26 19 2-- 103 76 17 183 114 13 212 144 9

16. TD-6 73 22 0 4 q2

17.76931 36 2 9 90 62 16 175 98 12 264 1792 8

_y W6.7V 2 11 11 13) 60 9 !3 10 3 14 131

19. TV 66-22" 2( 16 0 164 211 17 245 172 14 309 291 9

.06'.8y 23 17 2: 17 111 19 124 23 20 .31 413 8

-1. .978,11L.A 82 43 .6 145 83 11 353 21 7 978 577 4

22. 1960640 30 is 25 145 77 21 216 185 17 248 203 1)

. ST. x 1 12 44 119 6 41 248 137 36 370 271 30

24.1 AL." 26 17 9 11 46 4

25. 1 2 23 14 39 131 a1 36 30 23S 29 524 40$ 28

26. TS CA 38 27 14 ISO 158 11 421 356 7 630 540 3

27. - 11.11 25 14 1, 14$ 91 13 304 175 9 413 336 1
28. I ED 40 21 20 146 12 0 16 292 262 11 402 37$ 4

i A.1 70'2, 2$ 16 590 126 79 492 24) 16.4 170 369 287 268

TABLE 4-2. A36j6L XM.X FOR12.3T 83RS (W) MPR THE 6 6 2, 09rT PACFic

24-1 4&.XR 72-HR

YEAR .=-O R1--r A=LE VEC'TOR RIO 2?CLT 1 -. 102 432269

1971 111 64 12 118 ]17 177

197. 117 72 245 146 l18 210

1973 108 74 19 " 134 253 162

1974 120 78 226 157 348 245

1975 138 84 288 181 450 290

1976 117 71 230 132 338 202

1917 140 ) 283 1 7 4 7 228

1978 127 75 271 179 410 297

3 197'9 124 77 26. 151 316 223

1980 1-6 79 243 164 g89 297
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Intensity verification statistics hours. The mean algebraic errors (Fig. 4-4),

for all 5inificant tropical cyclones in the however, show that JTWC had a definite nega-

western North Pacific area are depicted in tivre bias through 72 hours. This negative

Figures 4-3 and 4-4. The average absolute bias means that JT7C consistently under fore-

magnitude of the intensity error as well as cast tropical cyclone intensity during 1980.

the intensity bias (algebraic average) are Verification of intensity forecasts by ob-

graphially depicted.* This year's data show jective'aids is also depicted in Figures 4-3

that the absolute magnitude of jTWC's fore- and 4-4. (An explanation of the objective

cast intensity errors (Fig. 4-3) has not forecasting aids is found in this chapter,

changed significantly from 1979 throughout 72 Section 2-Comparison of Objective Techniques.)
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b. North Indian Ocean Area inrovement in forecasting for that region.
T Table 4-3 is the forecast error s arl for

Forecast positions at warning, 24-, IC 23-80 and TC 27-80. Table 4-1 contains
48-, and 72-hour valid times were ve-iffad the annual av-rage of forecast errors ba--k
for TC 23-80 and TC 27-80 by the same t-nethods throuch 1971. Vector errors are plotted in
used for the western North Pacifir.-It Figure 4-5. S-venty-two-hour forecast errors
should be noted that, due to the abnormally were evaluated for the first tine in 1979.
low number of Indian Ocean troical cyclones,
the forecast error statistics are not consid- Forecast intensities are not ver-
ered to be representative of a significant fied for North Indian Ocean tropical cyclones
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2. COMPARISON OF OBJECTIVE TECHNIQUES the FLENUMOCEANCEN Global Band Analysis.
Hemispheric forecast data are used on the

a. General boundaries.

Objective techniques used by JTWC (5) CYCLOPS -- An updated versior.
are divided into four main categories: of the HATTRACK/MOHATT steering prcgram which
(1) climatological and analog techniquez; can provide steering forecasts at the 1000,
(2) extrapolation; (3) steering techniques; 850, 700, 500, 400, 300, and 200 mb levels.
and (4) a dynamic model. The analog tech- The program can be run in the unmodified ornique provides three movement forecasts: one modified version with analysis or prognostic
for straight moving cyclones, one for recur- fields. The program advects a point vortex
ving cyclones, and one which combines the on a preselected analysis and/or smoothed
tracks of straight,'recurving, and all other prognostic field at designated levels in 6-
cyclones that do not meet the criteria of hour time-steps through 72 hours. In the
straight or recurving analogs. All objective modified version, the program uses the pre-
techniques, except the Tropical Cyclone Mo- vious 12-hour history position to compute
del (TCM), were executed using operational the 12-hour forecast error and applies a
data available at warning time. The TCM used bias correction to the forecast positions.
analysis fields for initialization that were As in previous years, the modified version
not available at warning time. The TCM fore- in the prognostic mode for the 500 and 700
casts were received at JTWC 9 to 12 hours mb levels was verified.
after warning time.

(6) TYAN78 -- An updated analog
b. Description of Objective Techniques program uhich combines the earlier versions

TYFN75 and INJAH74. The program scans his-(1) EXTRAPOLATION -- A track from tory tapes for cyilones similar (within athe 12-hour old preliminary best track posi- specified acceptanze envelope) to the cur-
tion through the current warning position rent cyclone. For the NW Pacific region,which is linearly extrapolated to 24 and 48 three types of 24-, 48-, and 72-hour posi-
hours. tion and intensity forecasts are provided

(straight, recurve, and combined). For all
(2) CLIM -- A climatological aid other regions, types of tracks are not segre-

which provides 24-, 48-, and 72-hour tropi- gated.
cal cyclone forecast positions and intensity
changes for initial latitude/longitude posi- c. Testing and Results
tions. The data are arranged by months and
are based on historical data from 1945 to A comparison of selected techniques
1973. is included in Table 4-5 for all western

North Pacific cyclones and in Table 4-6 for
(3) HPAC -- The 24- and 48-hour Indian Ocean cyclones. In Tables 4-5 and

forecast positions are derived from the mid- 4-6, "X-AXIS" refers to techniques listed
points of straight lines connecting the 24 - horizontally across the top, while "Y-AXIS"
and 48-hour positions on the EXTRAPOLATION refers to techniques listed vertically. The
track at the CLIM track. example in Table 4-5 compares COMB to CY70.

In the 394 cases available for comparison,
(4) TCM -- The dynamic Tropical Cy- the average 24-hour vector error was 133 nm

clone Model (TCM) is a coarse mesh (220 km) for COMB and 138 nm for CY70. The differenceprimitive equation model. The digitized of 5 nm is shown in the lower right. (Dif-tropical cyclone warning position is bogused ferences are not always exact due to compu-
in the 850 mb wind and temperature fields of tational round off.)
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STATISTICS FOR YEAR 24 HR FCSTS

JT3C STRA RJDCR C08 CY70 CY0 TCHO CLIX XTRP HPAC

J325C 492 126
126 0 I •I•

STRA 341 122 349 135 * CASES ERROR 3
}. . ...... o...............

RECR 403 127 348 135 417 135 Y-AXIS " ERROR

131 5 131 -3 135 -3 'TCNI DIFFERENCE
ERRO R Y-Xcon 403 127 349 135 416 135 417 132

131 4 121 -13 132 -2 132 0 ,. '

CY70 418 127 327 15 393 135 :1 32 141

140 13 127 -7 1 39 - 4

CY50 423 126 332 135 398 135 398 133 431 141 437 136
135 9 130 -5 136 1 136 3 136 -4 136 0

T 8O 153 130 .03 136 128 133 128 127 130 141 131 133 156 137
136 6 130 -5 138 1 138 11 137 -3 137 5 137 0

CLIM 473 125 348 135 414 135 414 132 422 141 427 136 153 135 488 160
158 33 151 16 160 25 160 27 161 20 161 25 166 31 160 0

XTRP 478 125 343 134 409 133 409 132 424 141 429 135 154 137 478 160 492 143
142 17 134 0 142 9 142 11 143 2 143 7 142 5 142 -17 143 0

HpAc 465 125 342 134 407 133 407 132 415 140 420 135 151 135 478 160 478 142 478 130
129 4 121 -12 131 -2 131 0 131 -8 131 -3 131 -3 130 -29 130 -11 130 0

STATISTICS FOR YEAR 48 MR FCIS

LA 35C STAR RECR CRoW aie0 aso T082 0014 5708 RAC

jr54 370 243 - * .
24 0 1 TOC -SI02OO1702

IRRA - STAIONT (TOM 78)
mST 284 243 299 295 1 - RNECUY (TYAN 78)

288 45 295 0 CaB m CROGIRRO (YAN 78)
CY7 - CYClOPS 7O-NO PIr

82=8 309 245 299 295 346 257 1 YSO -YaCOPS 000-fl PAW
244 "1 251 -44 2S7 0 I 0 - TWPICAL CY IONV OL (ONE-W4AY)

I CLIM - CL MATOLMR
CO 309 245 299 295 346 257 346 243 j TRP - 12-M" EXTRAPOLATION

232 -12 235 -59 241 -13 243 0 jjPC - OrM1 07 XTRP AND CLIMATOLCGY

CY70 311 248 277 296 322 259 322 244 30 266
262 15 262 -33 267 a 267 24 26 0

ass0 318 247 283 296 328 259 328 244 300 266 357 256
254 7 253 -43 257 -I 217 12 254 -11 256 0

TC3o 115 262 92 304 108 269 10e 251 107 258 109 248 128 259
251 -10 241 -62 248 -20 248 -4 254 -3 254 6 29 0

CLIm 356 243 296 294 341 257 341 242 330 266 345 257 124 252 394 300
281 38 279 -15 301 44 301 59 303 37 303 46 307 55 30 0

XTRP 361 244 96 293 340 255 340 241 344 266 351 255 126 257 396 297 399 306
303 60 300 6 304 49 304 63 306 40 307 51 323 66 302 5 306 0

HAC 311 243 294 293 37 255 337 241 334 261 341 256 122 250 386 297 386 302 386 25s
244 1 242 -0 285 0 255 14 25 -9 256 0 268 19 2 1 -41 255 -47 285 0

STATISTICS FOR IrAR 72 88 CTs

7781 STA RCN CoWe CY70 ass0 ECIC CLIX 578?l fRAY

.709 268 389
20 9 8

STA -212 394 242 41

364 -28 373 -77 378 -7 378 0
41 27 451

FCR 228 383 142 411 268 386
331 -21 376 -74 386 0

COW 228 393 242 451 268 386 268 378

C770 221 403 220 45 245 394 245 39) 263 419
416 13 416 -38 420 26 420 40 419 0

C-; 328 399
1  

228 454 252 392 2S2 379 262 419 270 419
422 23 412 -41 419 28 419 40 417 -1 419 0

30O2 66 437 60 472 c8 308 63 374 66 338 68 415 83 349
361 -74 343 -128 326 -72 326 -47 342 -55 341 -73 349 0

CLI 258 394 239 446 265 383 265 375 257 414 264 422 341 305 445
429 35 425 -20 449 62 449 73 449 30 449 27 427 85 445

4 TABLE 4-5.
ERROR STATISTICS FOR THE WESTERN NORTH PACIFIC FOR 1980
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STATISTICS FOR YEAR 24 HR MTS

JTVC TY78 CY70 CYSO TO$O CLIM XTRP H'AC

JTWC 7 115

I15 0 HREI X-AXIS

T:8 12 9 0141 1 OF TECHNIQUETY18 6 122 o|cASES T ERRORUE,- i.. .-.
c7o 5= 12 5117 5 99 Y .XI EMR

99 -30 99 -17 99 0

CYo 5 129 5 117 5 1 o ER OR Y -r "

106 -23 106 -10 106 7 106 0

TCHO 3 141 4 136 2 80 7 4 209
183 42 209 72 218 138 1 209 0

CLIM 7 115 9 141 5 99 5 106 4 209 10 144
97 -17 150 8 98 0 98 -6 1.59 -49 144 0

XTRP 7 115 9 141 5 99 5 106 4 209 10 144 10 129
100 -14 138 -3 103 4 103 -2 149 -59 129 -15 129 0

HPAC 7 115 9 141 5 99 5 106 4 209 10 1.4 10 129 10 125
84 -31 134 -6 97 -1 97 -8 136 -72 125 -18 125 -2 125 0

STATISTICS FOR YEAR 48 HR PCSTS

J 1C TY78 CY70 CYSO TCMD CLIM XTRP HPAC
JI3c 2 93

93 0 I ~J1wC - OPTICAL J35C FORECAST

T078 1 90 5 285 TY78 - ANAIOG (TYAN 78)
245 156 285 0 1 CY7O - CYCLPS 700-R PROc5 0 CYSO - CYCLOPS 500-R PROC

CY70 0 0 1 320 1 126 TCHO - TROPICAL CYCLONE OPOL (ONE-WAY) .
0 0 126 -193 126 0 X rTRP : 12-HOUR EXTRAPOLATIO II PAC " MEAN OF XTRP ANt) CLIMATOLOGY

CYSO 0 0 1 320 1 126 1 3690 0 369 49 369 243 369 0

TcO 1 90 3 312 1 126 1 369 3 303
271 181 303 -8 306 179 306 -62 703 0

CLIM 2 93 5 285 1 126 1 369 3 303 6 401
326 233 419 134 504 378 504 135 418 115 401 0

XTRP 2 93 5 285 126 13 69 3 303 6 401 6 59s
72 -20 184 -100 221 95 221 -147 200 -102 1S -241 1se 0

HPAC 2 93 5 285 1 126 1 369 3 303 6 401 6 158 6 260i 144 51 278 -5 358 231 358 -10 271 -31 260 -140 260 101 260 0

STATISTICS FOR YEAR 72 HR FCSTS

JTWC TY78 CY70 CY5O TCO CLIM

JTWC 1 167
167 0

TY78 1 167 2 427
389 222 427 0

CY70 0 0 1 465 1 77
0 0 77 -387 77 0

CY50 0 0 1 465 1 77 1 681
0 0 681 216 681 604 681 0

TCO 1 167 2 427 1 77 1 681 2 304
306 138 304 -122 303 226 303 -377 304 0

CLIM 1 167 2 427 1 77 1 681 2 304 3 585
513 346 636 209 760 683 760 79 636 332 585 0

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

1. JTWC RESEARCH

Part of the mission of the Joint Typhoon EVALUATION OF THE NAVY NESTED TWO-WAY INTER-
Warning Center is to conduct applied tropical ACTIVE TCM (NTCM)
cyclone research as time and resources permit
The purpose of this research is to improve (Matsumoto, C. R., NAVOCEANCOMCEN/JTWC)
the timeliness and accuracy of operational
forecasts. During 1980, there was continued The accuracy and timeliness of the new

effort to convert and update operational pro- NTCM were evaluated during the 1980 tropical
grams and to streamline operational proce- cyclone season. Approximately 70 NTCM fore-
dures for compatibility with the Naval En- casts were received in an ARQ mode for trop-
vironmental Display Station (NEDS). The cal cyclones commencing with Typhoon Norris
followinq abstracts summarize the year's and ending with Typhoon Dinah. The average
applied research pro3ects which were com- turnaround time for these forecasts was two
pleted or are still in progress. hours. Preliminary verification indicates

that the forecasts, although more accurate
EQUIVALENT POTENTIAL TEMPERATURE/MINIMUM SEA- than the official JTWC forecasts at 48 and
LEVEL PRESSURE RELATIONSHIPS FOR FORECASTING 72 hours, were not as accurate as the One-
TROPICAL CYCLONE INTENSIFICATION Way interactive TCM that uses the analysis

fields instead of 12-hour prognostic fields
(Dunnavan, G. M., NAVOCEANCOMCEN/JTWC) used by the NTCM.

A technique for fore1asting rapid/explo-
i;e deepening has been under operational A NEW TROPICAL CYCLONE FORECAST AID BASED ON

evaluation by JTWC for the past two tropical A BLENDING 0? PERSISTENCE AND CLIMATOLOGY
cyclone seasons. The technique indicates (BPAC)
situations where significant intensification
can be expected to occur in the near future (Weir, R. C., NAVOCEANCOMCEN/JTWC)
based on the current 700 mb equivalent po-
tential temperature and surface pressure at A program has been designed for useithe cyclone center. Data from the past three with a TI-59 calculator which generates 12
tropical cyclone seasons will be collected to 72 hr forecasts. These forecasts are
and used to "fine tune" the temperature/ based on a non-linear persistence developed
pressure forecast graph. The results will from the past 36 hr motion of a tropical cy-
then be published as a NAVOCEANCOMCEN/JTWC clone and blended with climatology. The
TECH NOTE. blending routine gives less weight to per-

sistence at each forecast interval.
TROPICAL CYCLONE WIND RADIUS PROGRAM

(Huntley, J. E., NAVOCEANCOMCEN/JTWC) 2. NEPRF RESEARCH
TROPICAL CYCLONE RESEARCH AT OR UNDER

A wind radius program, developed by CONTRACT TO THE NAVAL ENVIRONMENTAL
Holland (Bureau of Meteorology, Melbourne, PREDICTION RESEARCH FACILITY (NEPRF),
Australia) was adapted for use by JTWC fore- MONTEREY, CALIFORNIA
casters on a TI-59 calculator. The program
requires the tropical cyclone's minimum sea-
level pressure and the radius of maximum THE NAVY TWO-WAY INTERACTIVE NESTED TROPICAL
wind. This program is useful in data sparse CYCLONE MODEL (NTCM)
areas in the northwest Pacific and was modi-
fied to use Dvorak satellite intensity data (Harrison, E. J., Jr., NEPRF)
for Southern Hemisphere tropical cyclones.

A primitive equation, two-way interac-

tive nested tropical cyclone model has been
EVALUATION OF OBJECTIVE TECHNIQUES developed by NEPRr. Evaluation of the model

as a typhoon track forecasting aid was begun
(Matsumoto, C. R., NAVOCEANCOMCEN/JTWC) during the 1980 typhoon season. The model

is currently initialized from the FNOC glo-
The 24-, 48-, and 72-hour position bal band prognosis fields. Within the next

forecasts fron the CYCLOPS steering program year the model will be coded for the new
w evaluated during the 1980 tropical cy- CYBER 203 computer being installed at FNOC,
clone season. The unmodified and modified and will be initialized from the new global
versions in both analysis and prognostic model prognosis fields.
modes at the 500 mb level were compared
against each other and against the official
JTWC forecasts. Results indicate that none THE PERFORMANCE OF THE NTCM WHEN INITIALIZED
of the versions of CYCLOPS was able to match WITH GLOBAL BAND ANALYSES VERSUS GLOBAL BAND
the official JTWC forecasts. However, the 12-HR PROGNOSES VALID AT THE SAME TIME
modified prognostic mode was very competi-
tive and clearly superior to the other modes. (Fiorino, M. and Harrison, E. J., Jr,
The modified analysis mode was a close sec - NEPRF)ond, while the unmodified analysis mode per-

formed poorly. The present version of the NTCM is ini-

121

"---.



tialized with 12-hr old global band prognos- TROPICAL CYCLONE HAVEN STUDIES
tic fields because the tau zero analysis is
not available until several hours past warn- (Turpin, R. and Brand, S., NEPRF)
ing time. The performance of the model in
1980 was not as good as expected considering Six additional ports and harbors have
the results of the developmental evaluation been evaluated and will be forwarded as

! using test cases. Most of the difference is change TWO to the Typhoon Havens Handbook
thought to be because the test cases were for the Western Pacific and Indian Oceans.
initialized with analyses. The 1980 fore- In addition, COMSECONDFLT and CINCLANTFLT
casts are now being recomputed with tau zero have requested 22 ports and harbors in the
analyses. Initial results show differences Atlantic and Gulf of Mexico be evaluated as
which hopefully can be quantified with more hurrican havens. Work has commenced on these
cases. port studies.

THE EFFECT OF HEATING ON TYPHOON TRACK FORE-
CASTING USING THE NTCM SOUTHERN HEMISPHERE UPPER-LEVEL TROPICAL CY-

CLONE STEERING TECHNIQUES(Fiorino, M., NEPRF)
(Hamilton, H., Systems and Applied

A major difference between the NTCM and Sciences Corp.)
other typhoon model is the analytic repre-
sentation of the diabatic effects of cumulus The current automated objective steer-
convection. To determine which characteris- ing forecast technique (operationally termed
tics of the heating field have the largest CYCLOPS) has been developed for operational
influence on the track, the heating profile forecast use in the Southern Hemisphere.
is varied in space and time. Once these
characteristics (magnitude, spatial distri-
bution, etc.) have been identified, an at- TROPICAL CYCLONE SURFACE WIND DISTRIBUTION

S tempt will be made to find an optimum set
of heating parameters for several storms (Tsui, T., Brand, S., and Brody, L. R.,
which can be related to satellite observa- NEPRF)
tions.
PREDICTING TROPICAL CYCLONE FORMATION IN Based on data from 1966 to 1977 JTWC

WESTPAC tropical cyclone warnings, a statistical
wind distribution forecast model has been

(Lowe, P. R., NEPRF) developed and tested. The results of the
statistical test, using the independent

The "Genesis" program has been evaluated data of the 1979 tropical cyclone season,
from spring 1980 to fall 1980. The procedure showed that the 30-kt and 50-kt wind radius
has correctly forecast all tropical cyclone forecast model provides competitive automa-
development during this time period. Further, ted forecasts as compared to the official
false alarms were minimal in that only one forecasts of JTWC. The asymmetric nature of
case was forecast to develop which subse- a tropical cyclone is incorporated in the
quently did not develop (TD-10). One pron- model. In addition, a by-product cf this
lem was isolated during the evaluation, model is suggested wind radius information
During the months of August and September, in a format for insertion into the tropical
"Genesis" was prone to forecast development cyclone warning.
somewhat prematurely. Subsequent analysis~of the program determined and corrected the
cause of the problem. "Genesis" became op- TROPICAL CYCLONE INTENSITY
erational in early October. A formal techni-
cal report on "Genesis" performance for the (Tsui, T., Brody, L. R., and Brand, S.,
year 1980 is planned. NEPRF)

TROPICAL CYCLONE STRIKE AND WIND PROBABILI - A climatology/persistence tropical cy-
TIES clone intensity forecast model has been de-

veloped. The data base consists of 1966 to
(Brand, S., NEPRF, Jarrell, J. D., 1979 western North Pacific tropical cyclones.

Science Applications, Inc., and Chin, D., Synoptic variables such as equivalent poten-
Systems and Applied Sciences Corp.) tial temperature are now being incorporated

as predictors in the model. Two other pre-
Tropical cyclone qtrike and wind pro- dictors which may be included in the future

bability is a method tor determining up are the cloud-top temperature pattern and
through 72-hr that a tropical cyclone will the spiral pattern of the cloud bands de-
come within or affect geographic points of rived from the satellite IR and visible
interest to the user. The output from this imagery, respectively.
program can be used as an aid for operational
decisions associated with tropical cyclone
evasion, evacuation, and base preparedness. SATELLITE 3ASED TROPICAL CYCLONE INTENSITY
Applications presently being developed, test- FORECASTS
ed and implemented include: strike and wind
probability and geographic depictions in the (Brody, L. R. and Tsui, T., NEPRF)
western North Pacific; optimum track ship
routing (OTSR) aspects in the wes:ern North The Satellite Processing and Display
Pacific; eastern North Pacific strike 'roba- System (SPADS) is being used both to test
bilities; and western North Atlantic and available statistical algorithms and to de-
Gulf of Mexico strike probabilities. velop new statistical algorithms which make
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24-nr forecasts u[ ngco in tropical cv- HarriLon (1975) examined tropical cy-
clone intensity. These otatistical algo- clone forecasL accuracy e function of the
rithms are based on satellite-measured reconnaissance platform %ised as the basis
equivalent blackbody temperatures of cloud for each forecast's initial position. Using

for both GOES-LAST and GOES-WEST for the 1979 forecasts based on aircraft position fixes
tropical cyclone season are being used in were most accurate when compared to the
this study. Joint Typhoon Warning Center's best trac~s.

Unlike tthe earlier study, forecasts basedI AUTOMATIC EXTRACTION OF TROPICAL CYCLONE on satellite reconnaissance were more ac-
SATELLITE WINDS curate than forecasts based on aircraftreconnaisbdrce for tropical cyclones which

(Lee, D. H., NFPRF) ne':er !eached ty,:hoon intensity.

Satellite winds of the quality, quanti- Lubeck, 0. M., and Shewchuk, J7. D., 1980:I ty, and density necessary for initialization Tropical Cyclone Minimum Sea Level Pressure
of tropical cyclone models can be quickly ex- Maximum Sustained Wind Relationship,
tracted from successive geostationary satel- NAVOCEANCOMCEN/JTWC 80-1, TECH NOTE.
lite images using the System for Automatic
Wind Extraction from Geostationary Satellite- This paper investigates empirical re-
data (SAWEGS). This recently developed sy-- lationships between maximum sustained
tem used Fast Fourier Transforms to extract surface winds and minimum sea-level pressure
cloud winds by computing the cross-covariance in western North Pacific tropical cyclones.
between images, and includes a unique edge The empirical equation developed by Atkinson
enhancement technique plus other features and Holliday (1977) is reviewed and evalua-
which allow the automatic production of winds ted using 13 independent cases collected

- in tropical cyclone cases. Recent studies of since the original study. New relationships
the application of SAWEGS to tropicat cyclone were developed using the original dependent

image sets have shown the good quality and data set in Atkinson and Holliday and werecoverage of resulting vectors as well as the tested also against the 13 independent cases.
system's remaining difficulties. These new relationships were based on differ-

ent assumptions for reducing observed peakwind gusts to one-minute sustained surfaceTROPICAL CYCLONE SPIRAL LINEARIZ 'ION winds. There were no significant differences

TECHNIQUE between the original Atkinson and Holliday
relationship and the new relationships. In-

(Lee, D. H., 14EPRF) troducing environmental pressure and latitudeii as additional predictors did not improve thenew technique for quantizi.ng informa- pressire-wind relationship.
tion inherent in the spiral banding 

structure
of tropical cyclones has been developed. The Shewchuk, J. D., and Weir, R. C., 1980: An

Spiral Linearization Technique involves the Evaluation of the DVORAK Technique for Esti-
transfornation of a satellite image to polar mating Tropical Cyclone Intensities from
stereographic coordinates and subsequent re- Satellite Imagery. NA vJCEANCOMCEN/JTWC 80-2,
mapping into a selected spiral coordinate TECH NOTE.
system. Cloud structures which conform to1 the spiral shape are portrayed as linear for- This paper investigates the accuracy of
siations after linearization. Statistical and tropical cyclone intensity estimates as de-
quantitative analyses of the linearized image rived irom the Dvorak technique. Estimates
yield information on a cyclone's structure of current intensity and 24-houi forecast
which can be correlated with the cyclone's intensities were verified against JTWC
characteristics and behavior. A system to official best track data. Results from a
apply this technique is under development on 396-case sample indicate overall absolute
the NEPRF Satellite-data Processing and Dis- and bias errors of less than one CI number,
play System. even though forecast intensity errors were1. PUBU A|Otwice that of the current intensity esti-3. PUBLICATIONS mates. Comparison of Dvorak and JTWC inten-
Dunnavan, G. M., and Diercks, J. W., 1980: sity errors indicate that they are essen-
An Analysis of Super Typhoon Tip (October tially equal. The Dvorak 24-hour forecast
1979), Monthly Weather Review, Vol. 108. pp intensities are also superior to all ob-
195-203. jective forecast aids available to the JTWC.

Dvorak forecast data were also evaluated as
Super Typhoon Tip was an eventful trop- a function of the tropical cyclone's life

ical cyclone which developed in the western cycle. Results show a tendency of the Dvorak
North Pacific in early October 1979. Be- technique to over-forecast developing and
sides establishing the world's record for weakening trends. Verification of caseswhich included a PLUS or MINUS symbol indi-
the lowest minimum sea level pressure ever ch iludeaPU or MNs symbo m-measured in a tropical cyclone, Tip also cated no improvement over cases with no sym-
moesed ihe atrgessurface c reulation bols. However, the use of the symbols ispossessed the largest believed toreucrfreaslitesiyorrr
pattern ever observed for a trcpical cy- believed to reduce forecast intensity error.
clone. The development cycle of Super Ty-
phoon Tip from a weak disturbance to a
mature typhoon to an extratropical system
is discussed in view of the re-ord breaking
performance of this typhoon.

Guay, G. A., 1980: Tropical Cyclone Fore-
cast verification as a Function of Recon-
naissance Platform, NAVOCEANCOMCEN/JTW
80-3, TECH NOTE.
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ANNEX A TROPICAL CYCLONE DATA

I. WESTERN NORTH PACIFIC CYCLONE DATAI

TROPICAL DEPRESSION 01

BEST TRACK DATA

BEST TRACK WAiRNIHG 24 HOUR FCRECOST 43 HOUR FOPECAST 72 HOUR F0O-ECAST
ERRORS ERPOAS ERRORS

t'DAHAM POSIT UIND POSIT UIHD DST UIND POSIT UIIID DST uINID POSIT UIND EST UIHD POSIT UIHD DST UIND
0310OZ 6.4 1409 15 0.c 6.6 i. -0. 0. 0.0 6.0 9. -6. 0. 0.0 6. 0. -0. 6. 0.6 6.0 0. -0. 0.
031806Z 16.0 140.S 20 f. 0  6.6 0. -0. 0. 8.6 0.0 0. -0. 0. 0.0 6.6 6. -8. 0. 6. 6.0 0. -0. 8.
e31612Z 7.6 139.7 20 6.0 6.0 0. -0. 8. 0.0 6.0 6. -0. 0. 0.6 6.6 a. -0. 0. 0.0 0.0 0. -8. 0.
031818 8.2 139.0 20 0.0 0.0 0. -0. 8. 6.0 0.0 0. -8. 0. O.0 0.0 O. -0. 8. 0.0 0.0 0. -a. 9.
e3198eZ 0.7 138.3 20 0.8 .e 0. -0. 0. 6.0 0.0 a. -a. o. 0.0 0.0 0. -0. 0. 0.6 0.0 0. -0. 6.
83!906Z 8.8 131.9 20 0.0 0. a. -a. A. o.o 0.0 o. -p. e. 8.0 a.a e. -0. a. 0.6 0.6 o. -6. 0.

31912Z 9.0 137.3 20 0.0 6.6 0. -6. 0. 0.6 .6 . -0. 0. 0.0 0.0 -. 0. 6.0 6.6 6l. -6. 6.31918Z .0 137.7 20 0.0 6.0 0. -0. 0. 0.0.0 6. -0. 0. 6.6 0.0 o . -0. o. 0.6 O.0 0. -0. 6.
632666Z 9.0 13.2 25 0.0 0.0 6. -0. 0. 0.0 0.0 0. -6. 6. 0.0 0.0 0. -0. e. 0.0 8.0 0. 0.
632666 0.0 135.0 25 9.2 135.1 25. 32. 0. 9.9 132. 1 . 5. 11.2 129.7 35. SI. 16. 12. 1272 40. 90. 10.
0328122 9.0 135.6 25 8.9 134.8 25. 13. 0. 9.4 132.4 . 13 0. 10.1 129.6 40. 69. 15. 12.3 12?.7 40. 101. 10.
832018Z 9. 1;4.6 25 9.2 134.2 30. 24. 5. 13.0 131.6 35. 5 a. 10. 11.2 123.2 40. . 15. 13.5 127.0 41). 179. 10.
a321 6Z 9.2 134.2 25 9.4 133.7 30. 32. 5. 16.2 131.2 35. 09. 10. 11.6 126.9 40. 79. 10. 13.3 122.0 40. 192. 16.
e32186Z 9.3 133.7 2S 9.1 133.7 36. 12. S. 9.S 131.G 35. 153. 18. 10.7 128.3 40. 90. 10. 12.5 12j.4 35. 202. 15.
032 122 9.2 132.3 25 9.6 133.0 30. 48. S. 10.6 130.0 35. 77. 10. 11.9 127.2 40. 70. 10. 13.3 124.6 35. 185. 15.
83211Z ID. 130.6 25 9.9 132.1 3. 26. -S0. 10.9 129.1 35. 59. 0U. 12.3 126.2 40. -0. 10. 13.9 12.3 35. . 20.

63220 .6 1:4 1 3691 12.1 126.3 0 1. 1. 4'2. 125.3 30. 16. '. 15.3 122.2 35. -S. . 0.0 0.0 6. -6. 0.I3226Z 12.5 129.2 25 12.0 12.0 2 0 . -1. 0. 12.6 126.2 30. 124. 0. 15.3 122.2 3. . 15. 0 0 0.0 e. -0. U.
032? 13 16.8 128.7 2 11.2 128.0 20. 1. -. 13.5 24.0 30. -. 6. 16. 121.7 35. 6. 16 . 6.6 0.0 0. -6. 0.
63221Z 108 128.2 20 11.3 127.e 20. 38. S. 2.7 125.1 30 . 0. 14. 122. 25., 10. . 0.6 0.0 0. -0. e.
032302 11.0 12?.5 30 10.0 127.7 20. 12. -10. 12.0 125.5 20. 124 . .6 .0 0. . -0. 6. .P 0.0 o. -0. 0.
032302 11.5 127.0 38 11.3 120.4 20. . -10. 12.0 126.2 26. 196. 0. 0.0 0.0 0. -0. 6. 0.6 0.6 0. -0. 0.
03232 12.3 1a926 3 121 12 3 0. -0. 6-10 14:. 0 0 - 0.0 A. -0. 6. 6. 0.0 0. -0. 0.
i3 Ao IU~AT SWON IOL OVE 31 0 6 05037 2. 124.9 30 2 125 20. 6 - 01 2 -HR -0LO 02o0 6 4 9-H 0 .0 0, 20- HR

A32 FR ,C 123:.7 30 133 123 0 2 13 94. 10 .0 0. 0. 0. .a 0 , a . 6.0 , , 0 0. 8.A 13 8 22 2 2 14R 1 O Z2.2 20. 1 5. . 8 . B0 . 0 . -0 0. ,8 0. 0

A3V'6' INEST mGITL EROU. 0 . 1. 0: . 0 . 0.

V032412Z 4, 121.5 20 0, e, 0 O . 0 . 0. . 0. 0 8,0 a. -O, B. 0 . . -0. 
;324180 0 46 2 1OF :7 1F O.B RAS I : -. I: 0:7 8:0 O. -e 0. 0.0 :0 -0: 0 3.8 a o 0 B.03250OZ 14,3 1 19,a 1 5 ,o U. 0.0 -8 0 e~ a.0 O, -0 . o 0. a .a 8 o. .8 8o0: o. 0-o 0.

ALL FIEASTS TYPHOOS SMILE OVER 35 KTS
WRUHG 21I-HR 40-IIR 72-HR t. fs 24-HP 49-HR 72-1HR

AVG FORECAST P S T RROR 2. Z. 94. 157. H. T. S. e.AVG PIG14T ANGLE ERROR 12. 20. S3. 65. 0. 8. 0. 8.

AVG INTENSITY roG ;IX SIE ERROR 6. G: It IOS O . I , ,
ENS I TY 91A -. . 1 3 T E . 0, 0H"EBR OF FORECASTS 17 14 11 7 a O 0

DISTAN'CE TRAVELED BY STORH IS 243"9. ti

AVERAGE SPEED OF STOR*'I IS IS. KNHOTS

I ~ TROPICAL DIEPRESSION 'rD-el

FIX POSITIONS FOR CYCLONE NO0. I

~SATELLITE FIXES

FIX TIE FIX

1NO. (2I POSITION ACCRY DVORAK CODE SATELL!TE COIE.TS S -I

I 162358 6.0H 147.5E PCH 6 T8.8I.0 DMP39 ;.T 06S PGTW

M170306 5.BH 146.6K PC 0 OTHER PGOJ
3 18121 8.51 140. IE PCH 5 TI '1.0 'Dl.8/2SHRS DMP39 PGTU
4 16100? IB.H 140.3E PENH 6 1(0866 P0151
5 102247 8.6H 139.5£ PCN 5 HOAA6 PG1U
6 190101 6.68H 138.1E PC 3 TI.6/I.0 /SB.0'24HRS DOSP39 PGTU
7 7 19894S 16.6H 137.4K PN 5 HGAA6 PGTW1
6 192225 9. IN 135.9E PCH 3 HEMS PGTU
9 26041 9.IN 135.6E PEN 3 12.6/2.8 /D:. 1/24HRS DFrP39 PGT
lB 20114 9.40 134.3E PCN 6 HOAA6 PGTU
II 201687 9.7N 134.3E PCH 0 OTHER P015
12 262283 9.6H 133.7E PEN 5 HOAAG DATA EDGE PGTU
13 2123 9.3 2 133.SE PEH 5 2.6/2.0 'SO.126HRS 6rSP39 PGT5
14 218283 16.54 132.5E PCN S 2.64.0 DFP39 [HIT OBS RP11C
15 2196 18.81 131.9E PCN 0 OTHER PGT
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16 211043 11.111 130.9E PER 5 00006 PGTU
17 211600 ?.ai 130.9E PCH 0 OVER PGTU
10 212322 10.342 138.4E PC" 3 O0,G E)P05D LLC PGTU
29 229124 11. SH 128.2E PCH " TI.0,/.8 S8.0/24HRS D725P39 VOH
2 220144 20.9N 130.2C PCH S TI.0/2.0 AMS739 INIT 005 ROM9
21 220144 20.4N 130.2I PC6 3 T1.0/2.0 'UI.0V2J4RS 522SP39 PGTU
22 220900 11.24 129.IE PC4 0 OTHER PGTU
23 221221.0 I. 129.?E PCH 5 00006 PGTUI 24 221608 11.3N1 129.3E PCH 0 OTHER PGITJ
25 222300 0.70 1220.30 PEN 5 OAA6 PGTU
26 230124 1.4H 228.2 PCH 3 TI.0/2.0 /SO.,24HRS 52rJ739 PGTU

27 230900 22.20 226.90 P60 0 OTHER PGTU
20 231680 12.3H 125.4E PCH 0 OTHER PGTU
29 232100 13.el 124.-1 PCH 0 0THER FGTIJ
30 2400e0 12.8 123.4E PCH 0 01HER PGT
31 240246 24.6H 121.90 PCH 5 T2.0.2.0 2P)'I539 INIT 005 RPMIt
32 240246 13.00 122.5E PCH 5 T.e/I.0 /-0.0,25M-.S 292539 R0OO
33 260206 22.8H 22?.46 PCH 5 TI.S/1.5 DMSP39 I0t 00 PGTU
4 44 260300 22.20 117.4L PC4 0 OTHER PGTU
35 261200 12.00 116.46 PC 0 OTHER PGTU
36 261215 2.3N 226.50 P60 6 HO06 RPIK
3? 270147 22.0H 224.9f P6C 5 I7SP39 PGJ
30 270300 12.2H 114.30 PC 0 OTHER PGU.
39 270320 22.20 115.0E PCH 5 VtGP39 NO DV005 RP.
40 271153 12.2H 113.70 PC" 6 40A6 RPtM
41 2O0 I2.S 112.0E PC6 0 ')2HER PGT

42 280309 22.0H 111.3C PC" S .0/2.0 D7SP35 INIT 005 R00N

" [AIRCRAFTI FIXES

FIX, TItlE FIX FLT 70" OBS M'A:X-SFC-LIND I1IPXoFLT-L'.-QJHp ACCRY EYE EYE ORllEH- EYE TEtVIP CC) tS

40. (Z) POSlTIO4 LVI. GI" 1SLP VEL,,RGT'G DIRVEL/000/ROG HAVIT SHAP DI01/TATIO OUT/ IN/" P/SST N0.

I 202s 5.30 249G.6E 250FT 2005 20 eO 248 090 44 0 240 5 5 *2 +23 +22 2
2 296e? 8:N :38.96 1500FT 1086 28 038 238 200 38 030 230 5 10 .22 423 +23 29 2
3 2064S 9.I0 135.3? 15W

"
' 2003 25 030 38 120 32 e0 70 6 7 +25 24 3

4 208026 8.H 135.IE ?80M2 3123 35 828 l2e 130 22 28 5120 5l1 + 9 13 46 4
5 220200 0.SH14 34.20 ?83M0 3097 250208 65 230 2084 220M 6 0 +9.0a 6
6 210635 9.4m 133.70 ?0e2 3083 20 12 20 250 20 08 000 20 i) 411 + 9 6
7 2122? 18.4 130.E ?0 3 0 301 o0 15 330 55 090 46 810 130 5 5 .12 +12 +11 a
0 221946 II.IH 122.SE 7807 3104 ZO 22 20o 090 42 2IM 150 20 25 +12 + 8 to
9 222315 0.70 127.7E 78019 3120I 5 25 090 60 32 188 09 4 45 +12 +12 + 0 t8

SYNOIPT IC F IXES

FIX Tr0 FIX INTENSITY NEARE62T
NO. (Z POSITION EST2T DATA (H62 COt5ENTS

2300 120 228.0E 030 2a
2312e8I Sm 127 o e8 28

3 231000 12.4H 125.01 e3 4
4 232200 22.8 124.5E 038 28

5 240000 23.00 124.E 0e 20

NOTICE - THE ASTERISKS I-) IDIC1TE FIXES NREPRESENTATIVE AN5 NOT USED FOR BEST TRACX PWPO"ES.
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TROPICAL STORM CARMEN

1 JBEST TRACK DATA

PEST 7PACK L21RHIhK 24 H0U3R POPECS1 48 HOUP FOPECAST 72 HOUR POPOCCAST
0R401S ERPORS EPPORS

tO/DAiHR POSIT Ui23i2 T POSIT UID VC; f 2210 POSIT UIH DST WHO POSIT Ul I' rsUN, 4 POSIT U22 VST U122D
0.2049OZ 4.7 11.4 20 0.0 0.0 0. -'J. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0.
9O4,) z 6.0 102.2 . 0.0 0.0 0. -0. U. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0. 0.0 0. -0. 0.

- 0.4121 7.2 e1.: 3o 0.n 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 o.o v. -u. 0. o.0 0.0 0. -0. 0.
0404182 8.3 210.4 35 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -U. 0. 0.0 010 0. -0. 0.0.O4oZ 9.2 1.9.6 40 9.5 I20.0 30. 30. -2o. 13.? .77.7 40. 50. -20. 0.1 270.0 45. 70. 0. 20.9 1. 35. 92. 0.
04405k62 0.1 U70.5 .15 a0.0 20.9 30 24. -:1. 17. 70.2 40. 155. -20. 2.0 26.4 40. 23. -5. 20.0 100.3 30. 20. -5.
030523S 22.6 2'7.0 50 2 1.0 270.2 2. 43. -20. 24.7 15.6 0. 204. 5. 20.5 277.9 55. 139. 15. 21.2 201.7 45. 30. 25.
04050 2 3. I 7.4 55 23.0 27.7 4T. .15. -20. 29.0 279.9 0. IT. 0. 22.8 106.5 50. 30. 10. 25.0 192.7 40. CSO. 20.'I 040 0tz 14.5 I.'.2 60 14.7 270.0 4.j. 26. -25. 20.7 176.6 50. s 3 . 2.9 103.4 35. 193. 0. 24.0 209.3 30. 432. 5.0.0Z 6 277.- 60 25.5 277.2 ..5. 3U. 5 9.i 2CO. 40. 23. -S. 23.0 1L5.6 35. 312. 0. 0.0 0.0 0. -0. 0.
04 12Z t7.1 177.0 SS 17.0 277.51 0. 8. 5. 20.9 102.8 45. 172. 5. 23.9 190.0 35. 523. S. 0.0 0.0 0. -0. 0.S 043WICl 17.9 78.' 50 18.4 270.7 50. 3P. 0. 22..0 10.1.4 35. 203. -5. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0.
04700- 10.9 279.0 4S 2C.5 179.0 50. 49. 5. 22.0 20.0 40. 260. S. 0.0 0.0 0. -0. C. 0.0 0.0 O -0. 0.
O.2706Z 19.4 179.7 4S 0.0 0.0 0. -8. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 8.0 0.0 0. -0. 0.
0407122 9.7 11:1.0 40 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0.
0424ICZ 20.0 200.2 .40 0.0 O. 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. O.
024O1AO 20.3 23.4 35 0.0 O.U 0. -0. 0. 0.1 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0.
040500Z 20.6 100.6 .5 0.0 0.0 0. -0. 0. u.2i 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. o.o 0.0 0. -0. 0.
0.')0iz 20.9 202.2 30 0.0 0.0 o . -0. 0. 0.0 o.o 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -. 0.
OA0UICZ 21.2 231.0 30 0.0 e.0 0. -0. 0. 0.0 o.e 0. -0. 0. o.u 0.0 0. -0. 0. 0.0 0.0 . -0. O0.
o40e0z 21.4 ic2.0 25 o.o 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. o.0 o.o 0. -0. 0. 0.0 u.0 0. -0. 0.

ALL PSFLECATS TIOHOOH U.iLE f0,0P 35 -. TS
WK11 24-HR 43-HP 72-13Z 2.294 24.2HP 43A4 72-HR

AVG FPW[Cg04T POSIT ROR 32. 154. 260. 250. 0. 0. 0. 0.
AVG PIG-IT A .SLE P0000 29. 90. 179. 218. 0. 0. 0. 0.
ArVG INTFMITY fr5041TUJD ERROR 9. 0. 5. 7. 0. 0. 0. 0.
AYG 222TE225TY ePbS -7,. -3. 4. 5. 0. 0. U. A.
NUMBE OFFORECA0STS 9 9 50 0 0

D:STHCE0 TAVOILCD BY STORI IS 1179. M.1

AVERAGE SPEED 0F STORMI 12 I0. KNOTS

TROPICAL STORM CA01M24iFIX POSITIONS FOR CYO.OCIO NO. 2

SATELLITE FIXES

' i F1 TI2 FIX
NO. Z POSITION AC-RY 0500 C0E SATILLITE COMMEHTS SITE

I 310M 6.74 274.30 PC 0 OTHER PGTU

2 64015 4. 279.SU GOES3 NESS
3 84e8 6.9 170.22 PC2 0 OTHER PG IJ

- 4 841015 5.2 179.9E G0OS3 HE.;
S 041200 ?.IN 170.3, PC 0 OTHER PGIU
6 041515 7.44 12.01 G0S3 EST MX WINDS 35 XTS NESS
7 041530 7.5H 179.7E PC2 0 10A, K2.I0
0 042660 6.84 179.0U PC O OTHER PGTU

. 9 042724 6.6H4 28.00 P024 0 240006 002.
20 041915 O.52 279.90 0O0S3 NESS
22 042954 A. S 279.7E PCH 6 T2.5'2.5 243006 IHIT DO KLSC

22 042954 9.02 279.90 P022 6 20926 P142013 042200 9.S 79.22, PC0 0 OTHER PGTU
14 e500 9.7H 2179.06E P2 0 T2.5 . OTHER 2NIT 005 PGTI
IS 0530233 9.4H 279.20 P02, 2..5,.5 TIROSH INIT 00S P2420
16 8e8234 9.64 170.4E Km2 6 2OAE 002.8C7 0538 9.4H 179.0E PE4 0 OTHER PGTU

12 415,63 9.44 170.2E P0N 6 2OAA6 PHIK
29 050900 11.3m 170.9 P0 0 0THER PGTl
20 951119 22.2 S 77.50 00053 EST MX U 45 5 KT"S OVER LITR HESS
22 052200 22.04 278.30 P02 0 OT2R 'GTU
22 05 1519 13.02 2776 PC4 , tiros PH4K

2 23 C5208 3 2S. 78.E P02 0 OTHER PGTU
- 24 ft1932 13.9 177.301 P02 6 NOA06 PHIK
25 e1932 13.6S 277.2E P0EN 6 T3.5'3.5 ,1.8/244Z5 H24A6 K22.
26 0520l 1374 177.0D G-ES3 EST MRX SFC UDSs 55 KTS HESS
27 052100 14.22H 277.S H 0 OTHER PG1I
28 05223 14. IN 177.8E PCH 2 T4.5/4.5 ,2.0/2eHRS DSP39 PHIK
2 0002 24. 177. PC" C T3.,.5 /l.0,24HRS OTHER PGTU31)W11A@ !4:8N 1.77.7E PN 0 OTHER PGTU
31 OEB51 5 S. ON 77 . 2CE WE RGD M'r EST MA LINDS 68 WES HS
32 e 68 16.IH 177.3E KC C OTOER RGD 8H4VG EYE P>GTUt

34 086 26.4H 177.7E PEN C OTHER R0D EYE P02
35 06120 I.24 177.5E PCH C OTR PARTIA.LY HDI2G EYE PGTU
36 80 15 20.02 170.4E PCH 6 TIROSH PHIK
37 80126 27.7H 170.20 PH02 C OTHER R00 EYE PGTU
38 81615 17.44 178.0 00S3 EST U (4S 65 KTS HESS
39 8IC0 20.02 270.00 002 C 032CHR PGTU
40 06Isl0 20. 2 E.0 PC4 5 T3.5/4.4 4I.e/21HRS NO" P2
42 00z10 20.00 279.20 P4 0 OTHR P0Tu
4d 02|2 0 3N 279.00 P04 6 T3.5/4.5 /J.e/24C5 D2MP39 PHIK43 o'ee6 iO.54 279.20 PER 0 12.5.3.5 /UI.C,24HRS OTHER PITU
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44 e? 5 29.50 279.5U GOES3 HESS4i 071925 20.04 I' .. U GOES NESS46 072152 20. IN 175.9U PCN 6 DtSP39 PK
47 072315 20."IN 17.5r2 GOE03 HESS
,, 050615 20.68 179.4,2 0,S53 HESS43 002200 20.68 2?9.4u0 GOES3 NES50 08180 21.0H 170.5u GOS3 HESS51 092131 21.3H 170.22 PCH 3 T2.0'2.0 - U. DMSP39 LLCC PHIK52 9883 21.4N 178.0"J GOES3 HESS

NOTICE - THE ASTERISKS C.) INDICATE FIXES IREPRESENTATIVE AND NOT USED FOR BEST TRACK PURPOSES.
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TYPHOON DON

BEST TRACK LATA

BEST TRACI, L3R ING 24 HOOR FCECA4I .8 I312 FO' LAST 72 HOUR FRCAST
CRROP ER02S CR0438-5

11084D,IH POSIT L-I'1D POSIT WIND DST UIID POSIT U:ND [ST UJIlD POSIT U335 DST UI2:. POSIT U34, 1i5T UI3
G0000z 8.2 14-12. 20 0.0 0.0 0. -B. 0. 0.1) 0.0 0 . -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0.

Z0062 8.2 141.8 20 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 8. 9. B.

05482z 8.1 14u.9 20 0.0 A 1 0. -1. 0. 0,0 0. 
o  

. -0. 0. B B B. -0. B.0 .0 0.0 8. -0 0 .
_ 000838z 7.9 348.2 28 0.8 0.0 a. -e. B. 0.0 0.0 0. -0. 0. o.0 0.0 B. -0. B. 8.0 0 . -0. .

0500520 7.7 139.2 25 7.9 348.1 30. 54. 5. 0.3 137.7 40. 164. 10. 9.2 135.3 50. 262. 30. 10.2 133.3 55. 426. -5.
45094062 0.3 £30.2 25 7.8 133.7 3. 42. 5. 1.3 :32.0 48. 139. 10. 5.3 I.8 50 249. 5. 30.5 131.9 55. 411. -1.
0509322 9.1 37.4 25 U.1 337.3 30. 60. 5. 0.7 334.3 .10. 139. 30. 9.4 331.3 45. -09. -5. 30.2 29.0 45. 378. -25.
0509302 9.9 336.6 30 9.2 137.4 30. 63. 0. 11.3 135.3 49. 375. 5. 32.3 133.1 45. 300. -le. :2.3 130.8 45. 418. -30.

0130002 130.2 35.7 30 38.0 13.0 30. 77. 0. 12.; 134.0 48'. 3,. O. 14.1 132.4 50. 332. -I. 35.8 130.0 5b. '96. -38.

0510067 10.3 34.0 33 '0.7 135.4 30. 43. 0. 13-0 132.4 3 5. 237. 0. 15.0 129.9 50. 237. -15. 37.8 128.S 45. 294. -45.
0530122 23.0 133.7 30 11.4 133.5 30. 38. 0. 14.5 129.4.1 0. 132. -10. 17.8 126.8 50. 163. -20. 9.? 124.3 45. 171. -48.
053102, 23 .3 132.3 32 12.? 132.3 So. 54. -5. 14.0 1320.6 40. 113. -15. 17.0 125.8 50. 124. -25. 19.2 123.2 40. 137. -40.

S0'133002 33.5 £31.5 40 23.9 331.5 30. 2.1. -10. 14.0 128.0 .10. Ga. -20. 16.8 125.3 .15. 37. -35. 19.5 123.Z 35. 139. -40.
051304 1'3.0 .30.4 45 2.0 329.0 .18. 37. -5. 13.5 124. S0. 70. -15. 15.3 322.? 45. *0d. -45. 12.3 122.5 40. 61. -25.

S0"11125 7 12.3 129.3 50 12.3 229.5 15. 12. -5. 14.2115.4 55. 59. -15. :'. 122.3 .I. 42. -48. 19.2 3ZZ.7 35. 182. -20.
0533282 33.0 38.8 05 3.3.5 328.4 10. 38. -2. '6.? 125.,. 50. 76. -2S. 30.2 124.0 60. 93. -20. 20.0 124.4 35 23. -I!.
05:20Z 33.6 2.9 0 3.8 3264.7 5. 37. -30. '7.3 23.0 4O. 72. 20. 19.7 123.9 50. 362. -25. 22.2 326.8 35. 322. -:8.
051206Z £4.3 325.9 7 4.5 25.4 S5. 38. -30. 33. 123.5 19. 4. -30. 19.7 123.9 50. 129. -35. 23.8 126.3 35. 349. -35.

0532122 4.9 35.0 70 £5.1 24.9 69. 33. -30. 37.2 323.4 £5. 74. -20. 20.0 124.0 52. 372. 0. 13.4 :21.3 48. 36. -1-5.
022302 35.5 324.3 725 25.3 324.3 60. 35. -15. )9. 1 3.3 65. 226. -15. 2.5 325.0 S.322. . 25.7 328.8 40. 522. -28.

0513032 15.9 123.9 80 16.0 124.0 70. 1. 30 20. I 3.2 co. 53. 5. 21.2 123.91 65. 209. 28. 74.8 127.6 50. 4t4. -15.
051306Z 16.3 223.6 9e 16.3 23.8 70. 11. -20. 0.3 223.3 '30. 59. 15. 21.2 123.9 65. 193. 15. 24.8 127.4 50. 383. -15.
51532z 36.4 12.3 85 134. 323.2 V. 33. 0. 19.. 122.7 f-. 114. 3 0. 22.0 124.9 70. 2W. lb. 25.9 328.9 So. 452. -15.

05312 36.9 !23.2 0 1 7.2 122.9 B5. 21. 5. 39.'- 122.9 00. 117. 30. 22.9 25.3 65. 266. 5. -G.0 129.0 45. U39. -28.
0534007 17.2 22.8 75 17.5 122.8 35. 18. 10. 19., 122. 75. 90. 30. ".6 12S. 65. 224. 0. 26.2 129.2 45. ;97. -15.
2 053UZ 17.3 122.7 65 27.3 1 2.9 0 32. 35. 3.2o 32Tz 0 £2. 64. 15. 22.6 125.5 55. 21!. -18. ?6.2 329.2 45. 367. -15.
0534122 '7.5 322.5 5 27.4 I'2.£ 72. 6. 20. 39.5 322.7 f8. 55. 5. 22. 3 125.2 45. 343. -28. 26.3 i9.0 3L. .32. -2 5.II
054W.0Z 27.7 322.4 50 27.8 322.3 44. 0. 30. 19.? a22.3 55. 48. 5 2.5 324.0 -55. 337. -20. 0.8 0.0 0 -8. 0.

30535402 33.0 322.4 42 io.o 322.3 52. £ 38. 39t 3 322.41 45. 29. --"3. 22.6 324.0 480. 323. - 5 . 0.0 0.0 0. -0 8.
0535042 10.3 322.4 5 38.4 322.3 25. 8. 5. 243.0 322.9 45. 48. -20. 23.5 325.6 40. 156. -20. 8.0 0.8 8. -8. 8.
OS3S322 28.41 22.5 5 38.5 322.? 45. 23. -30. 0.2 323.4 .II . 33. -25. 24.2 226.3 30. 333. -25. 0.0 0.0 0. -0. 0.051531 39.1 122.4 40 39.0 :22.7 455. 0.-Is. 2. 324.0 .30. 30. -25. Z1.0 0.0 0. -. 8. 0.8 0.0 8. -0. 0.

£52401Z 39.4 322.9 £5 3I.0 322.1" .. 24. -22 . 23.0 324.0 30. 202. -43. 1.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0.
053606 39.7 3.'3.2 6 15 20.1 323.4 40. 26. -5. 24.' 26.0 20. 253. -30. 0. e 0.5 0. -0. 0. 0.0 0.0 8. -0. 0.
e 05343

u  
39.9 323.9 £5 20.1 324.3 25. 26 - 21. 33.3 320.2 49. 352. -30. .1.08 0. -0. 0. e.0 0.0 0. -0. 8.

536381 .20.? 224.7 65 20.4 324.0 55. 23. -10. 2.00 129.0 4. 175. -5. 0.0 0.0 0. -0. 0. 3.0 0.0 '. -0. 0.

653
7
04kI 28.6 225.3 408 20.5 225.7 65. 23. 5. 24.2 332.2 05. 323. -3-0. 8].0 0.0 0. -0. 0. 00 8.8 .0 . -8. 0.056704z 28.9 12. 8 6 .21 26.4 65. 34. 5. 22.0 26.0 45. 13. -. 9.0 0.0 0. -0. 0 . 0.0 0.0 0. -0. 0.

0537'22 21.2 126.4 55. 16 -0. 24.3 232.3 35. 313. 0. 0.0 0.0 0. -0. 0. 0.8 0.0 0. -0. 0.

051'.B2 21.3 124.9 65 21.2 2.2 S!0. 13. 30. 0, . 2 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. 0. 0.

0534802 22.3 327.4 42 23.3 327.3 52). 22. 30. 23.3 23.5 30. 206. 0. 0.0 0.33 8. -0. 0. 8.808.0 0. -0. 0.

00 0 6 12 '.2 40 23.2 127.0 65. 46. 3S. 22.9 231.2 38. 35. 5. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0.
05303 : t0.9 126.0 32 21.3 12.0 50. 74. .5. 23.9 133.0 40. 324. 5. 0.0 0.0 U. -0. t. 0.0 0.0 3. -0. 0.

O15303 28.6 126.4 30 21.2 125.0 42. 34. 15. 23.2 131.5 35. 393. 30. 0.0 0.0 0. -0. 0. 8.0 0.0 0. -0. P.

053902Z 20.8 316.9 S 20.9 22.2 40. 0. l0. 0.u 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 3.0 0.0 0. -0. U.
051906 1. 12.9 2 20.9 32' 32. 4. 30. 8.0 0.2 3. -0. S. 0.0 0.0 0. -0. 0. .0 0 .0 0. -0. 0.
er2z 23.3 326.0 si; 0.0 3.0 0. -8. 0. . 0.0 0. -0. 0. 0.8 o.o a. -0. 0. '1.0 0.0 0. -0. 0.
[;51962 21.5 12S. 2 208.0 .03. -G. 0. .0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 . -0. 0.

0520002 21.7 Q6.5 28 e.0 0.6 0. -0. P. 0.0 0.0 0. -0. 0. 0.0 0.0 0 . -0. 0. 4.3 9.0 0. -0. 8.

A.L FOECASTS 5,901 5 .HILE 0"VP 35 rIS
RWG 24-HR .13*HR 71-iP L$1G 24-HR 43-HR 72-HRIVi F P.CAS POSIT E00 29. 237. 193. 323. 22. 115. 191. 324.

AV 2. RIGHT 0)tLl £-P8 15. 106. 13i. z3-. 12. 00. 133. 23a.
AVG Itf1t35TY mW.NITUSE 0PR0 9. 14. to. 2, 30. 12. 37. 22.
--AVG; INTNSITY Dias B. -4. -I. -22. 0. -6. -II. -22.
MOVEtP OF FRECAST'- 39 27 23 32 32 27 23

03509466 TRAVELED By STORM1 IS t38. NM3

SOVERBAO SP1EED COP sTOM :S 7. KNOTS

Fix POSITIONS FOB CYCLONE4 NO. 3

FX IR F SATELLITE FIYJS

|FIX TIME FIX

N30. (Z) POSITION 
"

CRY DVORAK COX SATELLITE CO1ENTS SITE

a 2 0598 0.4 249.21 P 6 386 -CTU
* 2 85213 .

.
.334 249.. PCN S T./.0 N IT a3 CBS PGT

* 3 0 30. 340.96 PH DISP39 P4t5

• 4 e73035 9.8O 14 .26 PC4 6 3O6 P0T5

5 072137 0.834 £42.4E PH 5 36SP37 P=1

6 872255 8.71 342.64 PC3 5 $ PA6 PGT3

? 000231 8.034 141.9E PC" 5 73.014.8 D03S39 P435
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24 *1112!3 11. ON 13e. 4F P614 5 T2.5'2.5.40.8'548S 1308P39 PGTU
3a lie180 11.6m 138.16 P614 0 OTHER PGTIJ
31 1 e8 11.14 29.86 PC.4 0 OTHER PCTIJ
32 11898 I , 123,H 129.7E PC14 0 031465 FGTU
33 111028 12.3N4 129.66 PC4 3 140888 PC3U

-0.2 1 N ?.3 PC" I 07*16 PGTU
37 l2e133 14.24 326.1: PC"4 3 T3.5/3.5 r10839 11411 063 R518

39 12e153 13.9N *26.SE P6*4 3 T3.S/3.S-D.e24S OtS839 56111
39 12630 14.1*26.4E 5614 C 011(6R PGTU
48 *2595 14.7h 125.6E PCH C OTHER 5031.
41 121147 13 *22 PCs 6 14088 09

2 1228 .5.34 .25.S6 P64C 018 PGIU5
43 1 2160e 15.74 124.8E PC"4 C 071(8 PZ3UI44 122 133 16.2H4 124.56 PC1 5 640pa7 ON 35TA LCE PGTU
45 1 22245 .6.814 124.3E PC"4 3 74.8/4. /D6.5/2HRS 133586 541*
46 1381I34 16.25 124.88 Cm

1 
I 5.8/5.6 610539 11411 W6. 6064

47 1135134 16.25 123.88 PC" I Wp5039 P431
48 1 2,355 16.7H4 123.6E PC1 6 OTHER KCII
49 312 17.9W 123.2E PC" 2 143686 RP1K I
SO 13112S 16.8H 123.3E PCH4 I468 HOAK.
SI 131605 16.9N4 123.16 564 6 OTHER
S2 *46884 17.24 122.9E P614 3 T4.a/3.8 4.8.S251S 140888 6001
53 148114 17. 2H I22.76 PCH 5 DH0539 DATA EDG" RPM
54 14825 17.2H 322.8E P01 3 6108P39 60014
55 148255 172t* 122.76E P614 3 T4.514.5 6105P39 11413 063 RP7K
58 148888 1.12.3 5646016 GJS? 1400 17.7N122.36 PEN4 0 02585 P6113
58 141102 ?7.6H 122.5E PC5 I 14068PC1
59 141688 *7.6 122. 4E PEN4 C OT-= PG"iJ
6o 142234 1.8.e 122. 3E P611 3 1*653 810
at 342342 t8o1 ON22.4E P614 3 T3.5,3.5 NO0W8 11413 063 101*
62 150235 *8.614 122. 3E P614 3 14.6/4.5 Am0.5,2641. 6*6339 6006
63 155236 169.1IN *22. 3f PEN4 5 13.8/3.0 /*I.5/4HCb 6305P39 RPMK
64 1318408 G661 SE.5 P614 3 1048 561*65 131686 1.9 122.56 P61 0 DINER . -_

66 1586 1 Ba S. IN 123.16E PC"4 0 01186 5611
67 152100 *9.114 122.88 P614 C OTHV P6113
6 152211 19111 123.3E P614 3 t6453. 501*1
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76 2161 39.6123. 1E P61 3 T4 a/4.6-/S0.5/6,IS 010SP39 8811.
71 166216 19.5H 123.1E P6 3 T4.6/4 6/0I9'24CRS IZ20539 RPM
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71. 161686 28.61 24.46 P614 8 0T1CR P1314
76 fI'ZISS 2544*23. P614 3 6165P37 PLT1.
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79 176156 20.71 25.4E P64 3 T4.0/46-..2C 0539 SGT.*
79 178966 2: .60 126.16E P64 6 03HCR 60311
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63 172125 21. 126.98 P6EN 5 6168P37 5611
64 *72235 21.2 126.5, P61 5 H1(6 3*
65 1001*7 21.61127.7E P61 5 140888 8691
66 18136 20.95*I27.28 P6H5 T 3.0/3.5 ,3.24HRS 0105P39 P6113

87 *6836 21.8m 127. I P614 5 T3.e'3.5 /U*.6/23KRS 01539 RPTk
es 166386 21 1 127.3E P614 0 OTHER 56133
e9 16696 21.85*3868e P61 0 011CR 56113
96 18*2e6 28.6H 126.4E 5614 0 OTHER 56113
91 161666 21.24 129.66 P614 0 011CR MTV1.
92 102108 21.6m129.3E P6EN 0 011168 '311
93 11123154 28.9m1*26.2 561PC 3 12.6/3.0 M.31./21( 14088 RPM
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3 11663 63H4 134.78E 7067 3691 ;6 168 76 220 28 166 130 6 58 4
A team6 11.61 133.98 7689 3N63 25 32e 45 636 2734 Wi 5A 63 .53 A1
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6 111925 I3.25 127.*E TO"7 2573 228 So -- 73 S 3 7
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t TYPHOON ELLEN

i BEST TRACK DATA

rECST TllRCK t."I"G. 24 HOUR FORECAST 41) .0 FORECAST 72 HOL FL-:[CaST

ERROR MOM ERROR
ri10/v'J1 P0;T U|ND -OIT l"4 Vs- Ulm,> P'OS.T .t. DST .. p P OSIT UItD 15T 11110 POS IT UIND I)T U."o

I 1 1.4 0. 0 . . *. o 0.0 0~ .f -_ o. : 8. .0 _a 0. O. '40: iso ::8. . .. . -1: *.
eS IS :S 1 4? 9 o.5 e-0. o. 0.0 V.o a. -. e.o . 8. -a: 6: . . .8 :: -0. 8:o 1m177 .0 147.4 20 O.e0e.0 a. -e. e. o e .o, e. -a. a. 0.0 Oeo 0. -R. 0. 8.8 e8 D- -21- 0.
e5 121e6 . 14r, S 2-m, 8. e. . -d**. e.o 8-a O.e d- .-e . o.e e.e a. -a. a. e.o e.e o. -8. a.

05 388. 2.- :4. 0 4a .e e.a P. -a. e. a.l .e O.-. .Ot . -0. 1). .0. 8.-. O

eS 13wz ?.3 144.2 45 2.2 144.1 40. G. -5. 7. 141.2 $8. 96. 8. 9.3 339.1 55. 239. -2a. 11.3 134. 65. 39. -4.
e5 I312Z 7. 1 343.8 ,4S . 7 . 5. 54. . O 3 .S. . .21 . S.'0.*0 1.91 . ?53. S4. -3.

a 38 . 143. 45 7.4 '43.0 5e 38.5 a. 3T 140 . 120. a. 10 36 *£S 314. o35S 2215 1
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45, W0116 10i.em 1*S. PCX E OTHER .. j
so 16134 :6.6m :3".6 Mm) 1 P.M,
51 :6m1(4 7.Sh :3.6 P--rn £ or."p1
52 1NN16 1.04 139.4 P0.- 1 IMP32 o
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TROPICAL STORM FORREST

BEST TRACK DATA

OCST 1PCk, WRIHH1 24 HOUR TORECAST 40 HOUR FO0CST 72 HOUR ForEcsT

1 I120-'110 POSIT WINtD POSIT UiID DST U1ID POSIT WIN)1D ST IN1D POSIT WIND[1 DST UiHD POSIT 1I32t1 DST UIH
05 01900? 6 4 Ib.l.6 20 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0.
0519062 6.? 153.9 20 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 't.O 0. -0. 0.
0519122 6 8 153.2 25 0.0 0.0 0. -0. 0 0.0 0.0 0. -b. 0, 0.9 0.0 0 -0. 0. 11.o 0.0 0. -0. 0.
0519102 6.9 152.4 25 0.0 0.11 U. 0. 0. 0.0 0.0 0. -0 0. 0.0 0.0 0 -0. 0, 0.0 0.1 0. -O. 01
0520002 7.2 151.4 30 6.? 151.1 35. 30. 5. 7.9 240.3 A5. 210, 5. 9.5 145.3 55 307. 10. 11.2 142.4 65. ,06. 20.
052006: -.4 149.0 30 7.7 150.1 35. 25. 5. 10.0 146.2 45. 260. 0. 11.6 143.7 55. 366. 10. 14.2 142.1 65. 665. 20.
052014: 0.0 140.1 35 7.7 147.8 35. 25. 0. 9.0 143.5 45. 100. 0. 11.0 140.9 55. 292. 10. 14.2 130.9 65. 569. 20.
052020Z 0.? 146.5 40 0.3 1.05,3 40. 40. 0. 10.2 1,10.2 50. f. 5. 12.2 136.7 60 174. 15. 13.0 133.0 70. 350. 20.
052100Z 9 3 14,4.9 -A 9.2 145,2 40. 19. 0. 11.2 140.3 50. 97. 5. 12.9 116.7 60. 270. 15 14.2 133.6 7M .. 428. 25.
0522O06 9 5 113.4 45 9.6 143.? 45. 19. 0. 12 0 130.0 65. 77. 20. 13.7 134.3 75. 239. 30. 16.0 132.0 00. ,122. 25.
0521122 9.7 14!1.0 45 9.6 142.1 .25. 19. 0. 11.2 137.3 60. 70. 15. 12.8 133.6 70. 250. 25. 14.7 121.0 00. 423. 30.
0521102 20 1 240.2 45 9.0 140.0 45. 40. 0. 11.0 136.2 60. 124. 15. 12.0 132.0 70. 209. 20. 15.2 130.6 00. 457. 30.
0522002 10.5 230.0 45 20.6 230.6 40. 13. -. 127 132.3 45. I00. 0. 147 20.3 50. 259. -5. 26.4 225.4 60. 21. 15.
0522067 260 137.5 45 22.2 236.7 45. 53. a 123.5 130.2 55. 247. 20. 25.? 126,3 60. 2i2. 5. 20.0 224.0 60. 225. 30.
0.2212: lO.q 136.0 15 22.0 236.0 45. 6. 0. 12.0 1 0.0 55. 104. 10. 25.2 127.0 60. 193. 10. 17.3 14.5 60. Z69. 40.
157210 20.0 I4..1 ,15 22.4 1345 45. -13. 0. 13.0 129.0 55. 120. 5. 26.5 125.3 60. 104. 20. 19.1 13.2 6U. 196. 40.
052300Z 10.9 132.4 45 20.0 132.2 50. 13. 5. 11.2 125.6 55. 202. 0. 2., 121.3 45. 150. 0. 15.5 11.0 AO -02. 30
052306Z 11 2 131.1 45 10.0 130.5 50 43 5. 11.0 124.4 50. 152 -5. 13.0 210.5 45. 160. 15. 16.0 110.5 55. 31. 35,
0523 2

Z  
11,6 129.5 43 11.3 129.7 15. 21. 0. 22. 2 121 6 35. 225. -15. 13.4 121.2 30. ?20. t0. 0.0 0.0 0, -0. 0.

052310: 12.1 127.9 50 11.5 127,0 45. 36. -5. 2.0 122.0 35. 114. -15. 11.3 119.5 30. 252. 20. 0.0 G0 0, B, 0.
052400: 12.? 126.4 55 22.1 226 3 5). 6. -5. 15.1 121 , 45. 13. 0. 127.9 229.2 35. 145. 15. 0.0 0.0 0. '1 0
052406Z 13 4 125.2 55 13.2 121.0 53. 26. 0. 25.3 120.6 10. 13. t. 19.1 119.1 40. 276. 20. 0.0 0.0 0. -0, U.
0524122 241.0 223.1 50 13.9 124.1 55. 13. b, 16.0 1226.2 40. 64. 20. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0.
052420? 24 7 221.? 50 24.0 222.4 55. 20. 5. 27.3 119.0 .0. 09. 20. 0.0 .U 0O. -0. 0. 0.0 0.0 0. -0. 0.

0525062 25.3 121.0 45 25.2 121.9 50. 0. 5. 10.0 119.6 3S. 130. 2S. 0.0 0.0 0, -0. 0. 0.0 0.0 0. -0. 0.
052506Z 25.8 120.0 30 25.1 121.4 15. 35. 15. 10.2 229 7 35. 196. 15. 0.0 0.0 0 -0. 0. 0.0 0.0 0. -0. 0.

852512 1.0 119.0 20 15.7 10.6 35. 90. 15. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 6.
052521 10.5 119.0 20 26.2 119 5 35. 130. 15. 0. 1 0.0 0. -0. O, 0 0 0.' 0. -0. 0. 0.0 0.0 0. -0. 0.
052600? 20.0 120.5 20 10.9 119.0 25. 77. 5. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0.
05266Z 21.0 121.5 20 19.9 120.5 20. 06. 0 0 0 0 0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. 51. 0.

ALL VO6OSTS THOONS WILE O R 35 rTS
tWllS :2 -1 40-FIR 2HR IRNS 2.1-4R 40-HR 72-iR

AVG FORECAST POSIT EPROR 3?. to.. 227. 300. 0. 0. 0. 0.
AVE 2 RIG2T 0l0GLL ERROR 17. St. 12. 227. 0. 0. 0. 0.
212 ItriTEC:1T, 152G221 DE ERROR 4. 9. 13. 26. 0. 0. 0. 0.
V55 Ittl321Y 0DIOS s. 6. 13. 26. 0. 0. 0. 0.

21U410ER O FORECA3ST$ 26 22 10 I. 0 0 0 0

DISTANCC R'EL-D OY SOR IS 2 'I. H21

050605E 5PELD O SOR IS 14. K2OTS

IROP ICAL STORi' FO"RCST
FIX POSITIONS FOR 1YCLON2E NO. 5

SAIELLITE FIXES

FIX TIRE FIX
210. z' POSI T011 ACCRY DVR8K CODE SATLL2 COT-EHIS SITE

2 201223 5.2 155.7E PC" A I1205S PG5;
2 18235 0.2 5 P2.2 5 TI.0".0 NtP39 i2lT 00$ PG1U
3 1'. 1g9I 6.911 254.1L P0ll 5 220006 PG911j 4 191600 7.2H2 ISI.6E P71t 0 OIIER PG10

* 5 192046 7.5H 194.:C PCSI 5 112P37 PGTU
6 192151 6.9" 151.07c PCH 5 HOA6 PO01J
j 200057 6.694 255.6E PCA 5 T2.012.1 /I.O245HRS 24r.P39 PIU
0 200600 7.522 149.3E P722 0 CTnER PGTU
9 200049 7.4H12 24. 7r PEN , 2O0G 01TU

20 2nO00 -. 5H 149.70 POll C OTHER PGTU
II 201200 0.ON 17.00 PCI 0 OTHER PGT
22 2GI600 0.2 1 216.57 -CiH 0106ER PQ9
24 20220 0.61 45,1E76 Pt2 5 2HO006 PTU

13 '01 09 6 1,15.,E PrH S DIP3: PQIU

25 220037 9.2N 144 OE PEN 5 T3 03 2 2ISP34 I11,T 00S RON
1 210300 9.2P' 144.00 PCH 0 OTilER PGTU
17 210900 9.211 142.41, PNt 0 OTHER P1TU
20 2'2 I00 9.62 142.0 RCH 5 t0AA6 P1TU
19 2222I00 9.1t 241.E P.;2 0 0aHE6 PG1
20 2116C0 9.7t: 140 )E PCA 0 0THER PG0
21 21220 9 84 3P.E PCA 3 2AAG PGT

_ * 22 .u" "0.1H 1327.00 PC 3 T3.513.5 I50 /24lR112S b5P39 PGTU
23 220946 20.4: 235,46 PCA 5 22OAA 1W

I24 2N.200 I.St 235.6C PCH 0 OHER PGTU
2 221600 o0721 133 36 0 I 0 OTHER PGTU

0 26 22226 20.4 232.1). -CH 3 H1006 PGTU
* 2? 22226 10.44 132.0E PC 3 21006 PGTU

28 2 30139 10.30 1310E PEN 5 T3.0'3.5-4.S",2SHR b12P39 PGU
29 210139 0.3H 131.0 PCH 3 T4 1 4.0 110P39 IIT 00$ ROH
30 232600 11.21 130.9E PH 3 OT2ER EXPOSED LLCC PGT
31 23090P 2.52h 130.2E PCA 0 OTHER PGU
32 241105 11 229.4F PCA 5 HOA6 PGTU
33 232600 22.2 20.IE PC 0 OTHER PGTU
34 232345 22. 11 126.4E Pt 5 H4AG PGTJ

35 1 2 :22 226922.2 P72 5C T4.0/4.0-/OI.0'24205 112P39 0910436 240129 1 2 276 126,1E PCH 3 4.0'4.0 /$0.0/24HR5 D2P39 ROD
37 242043 13.7H 124.3E PCA 5 HOAAG PG10
30 241600 2.30U 122.9E PCH 0 OTHER PGTU

02 39 242223 24.54 122.2E PCA 5 1OISP37 PGU
40 242322 25.?H 12240 PC 5 T3.5/4,0-A.e".522HRS HOAA6 PGTU
41 250241 25.421 22.5E PCH 5 T1 5,3.5 D2t2P9 I2T OSS RPM1
42 250241 S5 221.2 PCH 5 T4 014.0 'S0 0425HRS DSP39 ROH
43 230300 15.6 120.4E P0H 0 OTHER PGTU
44 251200 15.9 119.6E PC 0 OTHE PGTU

* 45 252202 16.3H 110.6E P" 6 HOOA6 RODH
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II
46 251600 16.0H 110.0E PCH 0 OTHER PG51
47 260221 16.911 110.1E PCK 5 TI.5'2.0 ,J2.0,2HRS D08P33 PGTU
40 260221 17.0K 110.0E PCH 5 DISP39 ROD

~AIRCRAFT FIXES

FIX TIe FIX FLT 70011 00S MX-SFC-UHD IIX-FLT-LWL-WlD ACCRY EYE EYE ORIEK- EYE TE61 (C) ItSN
HO (Q) POSITION LVL HGT 11LP VEL/RG4RHG DIR,/VEL4RG4G HAV/ET SHAPE DIAI/TATIOH OUT/ IN/ DP/SOT HO.

2 0024 0.1IS.2 00 4 20 0 905509 2 322+2 +2 2710102 6.4H 154.7E 700M11 313q 1007 25 040 10 120 24 0? 10 4 2 +24 +25 +24 29 1 5

3 200315 7.34 150.0E 7M0111 3119 1001 25 140 10 170 39 140 10 5 2 +11 +14 + 6 2
4 202102 9ON 145,9E 7001l 3114 1002 50 360 40 100 50 360 40 5 9 +11 +14 + 6 3
5 210311 9,31N 144.2E 700111 3074 990 55 360 15 200 52 360 15 5 3 CIRCULAR 20 +10 +15 + 6 3
6 210952 9.0 142.7E 700111 3120 1000 40 36K 60 200 47 030 90 2 5 15 11 +10 4
7 212136 10.4H 139.3E 700111 3112 1002 40 038 20 160 48 070 45 5 3 +.4 +12 . 9 5
A 220607 10.7H 137.5E 108011 3082 45 04 45 120 48 040 45 18 20 6
9 220841 10.9H 136.0E 700111 3079 999 30 200 60 220 30 190 60 5 10 +10 +13 +11 6
10 222136 10.8H 132.9E 700711 3061 996 90 140 10 100 60 030 IS 5 S +14 +16 + 7 ?
I1 230020 11.3H 130.51 700M1B 3067 999 50 340 40 119 60 030 90 2 3 +12 +12 + 9 a
12 232121 12.4H 127.0E 740"11 3034 50 270 20 B0 47 330 92 6 2 9
13 232242 12.64 126.6E 70011 3029 994 50 310 IS 090 61 0l0 10 6 2 CIRLULAR 20 IP0 +1? +13 9
14 240633 13.6H 125.1E 700118 3014 58 350 30 050 59 350 30 5 5 B8
15 240820 13.7H 124.7E 700M 3 0 CIRCULAR 12 10
16 241936 14.9N 122.4E 7001 3079 999 000 49 350 30 I 3 It
17 242220 15.1IH 122.26 70011 3061 996 58 060 30 15 60 060 30 I 3 +12 +12 + 9 II

18 251945 18.2K 119.7E 70011 3106 30 000 00 12
19 252138 19.3H 120.1E 7001 3136 25 030 50 000 12 350 30 5 20 +14 +11 + 7 12

RADAR FlIXES

FIX TIMl FIX EYE EYE RAD3-CODE RADAR SITE

140 (2) POSITION RADAR ACCRY SHAPE 0I0l ASLAR TDDFF COtIEHTS POSITION WO HO.

I 210013 9.114 144.66 ACPT S4LRS
2 240029 13.6N 124.7E ACPT POOR CIRCULAR 12 RDR EYE 13.7H 124.7E 54LRS
3 250000 15.4N 121.96 LAND 16.3H 120.6E 98321
4 2,0235 15.6H 121.0E LAND LELL DEFINED UALL CLOUD 15.2H 120.6f 903271
5 290300 I5.bH 121.5E LAND 19.3N 120.6E 98321
6 250309 15 .N 12i.0E LAND 15.2H 12?.6E 98327
7 250400 15.7H 121.5E LAND 14. IN :23.0E 98448

HOTICE - THE ASTERISKS ( 1 iNDICATE FIXES IIREPRESEHTATIVE AND HOT USED FOR BEST TRACK PURPOSES.
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TROPICAL STORM GEORGIA

BEST TRACK DATA

BEST TRACK WARNHG 24 HOUR FORECAST 48 HOUR FORECAST 72 HOUR FORECAST
ERROPS ERRORS ERRRS

HO/Dn/.41 POSIT u IHD POSIT UINO DST LIND POSIT IND DST ((INS POSIT WHNO OST UIHD POSIT JIHD DST UINO
851912Z 15.5 115.8 20 0.0 8.0 a. -4. e . 8. 0 .8 0.0-8.. . P. 8.0 . 8 -I. 0.
05181O 15.3 114.4 26 8.8 0.8 o. -0. 0. 0.0 a.0 . -. 0. 8 . 8. 0. -0. a. .8 8.0 B. -a. a.
052080 15.0 114.0 28 0.0 0.0 8. -0. 0. 8.0 0.0 a. -0. 0. 0.o 0.0 0. -0. 0. 0.0 8.0 4. -0. 0.
OS2686Z 14.4 114.4 28 0.0 0.0 0. -0. 0. 0.0 8.8 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 A.0 U. e. 0.
052812Z 14.0 115.0 25 0.0 0.0 8. -0. 0. o.O o.o o. -e. 0. o.o o.0 8. -0. 0. 0.0 o.o e. -c. o.
0520187 13.9 115.8 25 0.0 0.0 0. -0. 0. 0.0 0.0 0. -U. 0. 8.8 O.0 0. -0. 0. 0.0 0.0 0. -8. 0.
0521eeZ 14.5 116.4 2S 0.0 0.0 a. -0. 0. 0.0 0.u 8. -8. 0. 0.0 0.0 0. -0. 0. 0.0 0.U 0. -0. 0.
6521067 15.0 116.4 30 15.3 116.6 30. 21. . 16.6 117.0 35. 15b. -15. 18.2 118.2 4 229. -15. 21.2 121.8 35. 305. -10.
852112? 15.5 116.1 30 15.5 116.7 3 35. 0 16.6 117.0 35. 1. 18 .2 40 259. -15. 21.2 121.0 35. 293. .
02l0 16.2 15.0 16.2 115.7 30P ER 44 . 1.113. -1. 1 .9 110.3 10. 204. -2U. 0. E .0 0. -0. 0.
e520 7 16.7 115.4 45 16. 2 115.0 30. 24. -5. 1 2b.2 . 127 -2. 19.9 119.0 0. 231. -5. 8.e O.0 O, -0. 0.05.R2062 17.4 114.4 50 17.5 114.4 455. 6. -5. 19.6 114.9 55. 74. 0. 22.0 116.5 60. 146. 15. 0.6 0.0 O, -0, 6.
052212Z 18.0 114.9 50 17.9 114.0 45. H. -5. 20.0 116.2 60. 116. 5. 22.0 117.0 6b. 123. 30. 0.0 O.6 e. -0. O.
052218Z 18.8 114.7 50 18.6 1.5.2 45. 31. -5. 21.1 116.8 60. 101. 5 0.0 0.0 O. -0. 8. D.e 8.0 0. -0. 6.
523IOZ 19.6 1146 55 19.2 115.0 50. 37.1-. . 28. . .0 (A . 0. e. B . 0 . -8. e.

052306A V 0. 5,2 SS 20.4 114. 5. -. -2. -. 0 3. .. o o . 0. .0. .0 . -0. e.
52127 21.9 115 8 55 21.4 1S.S4 55. 31. 0. 24.3 I1.5 30. 56. o. 6.o O.o o. -2. 0. o.0 0.o o. -8. 8.0523102 22.7 116.2 55 22.2 116.0 b5. 32. O. 0.0 0.a U. -0. 0. 0.9) 0.0 0. -e. 0. 0.0 o0.0 0. -e. 0.

052407Z 23.5 116.5 45 23.4 121.4 30. 269. -15. O.U 0.0 0. -0. e. 0.0 0.0  0. -6. b. 0.0 0.0 e. -a. B.
852436Z 24.3 117.4 45 0.0 0.0 0. -0. 0. 0.0 o.0 e. -0. 0. ox . . , -a. u. 8.O e.O A. -u. a.
052412Z 24.9 118.3 30 0.0 q.8 e. -0. 0. 0.0 0.8 0, -0. O. 0.0 0.0 U. -0. 0. O.0 0.0 0. -0. 0.

D L FORECSTS TYrHOOHS USL OVER 35 KT
VRERA 24-ER 4-HR 72-HR R 24-HR TR-H 72-HR

AVG FORECFST POSIT ERROR 44. 112. 199. 299. O. 0. 8 . 0.AVG RIGHT ANGLE ERROP 29. 52. 140. 293. 0. 0. 0. 0.
AGINTENITY MAGNITUDE ERROR 5. to. 17. 8. 0. B. 0. 0.

AVG INTENSITY SIAS -S. -4. -2. - . .A. U. .NUMBER OF r'ORECRST5 12 to 6 2 0 0 0 0

DISTAMCC TRAVELED BY STORM IS 993. HM

AVERAGE SPEED OF STORMl IS B. KNOTS

I TROPICAL STORM GEORGIA
FIX POSITIONS FOR CYCLONE NO. 6

SATELLIT1E FIXES

FIX TIlE FIY
NO. (Q) POSITION ACCRY DVORAK CODE SRIELLITE COFRENTS SITE

I 181208 168 I 7.lE PCN 0 OTHER PGTI
2 201200 14.2H 115.e7 PEN 0 OTHER PGT1
3 210218 15.2N 117.E PC" 5 TI.8'I.O DMP39 INIT OS PGTu
4 218218 15.2'1 116.2E PCH 5 0(P39 RPK
5 218908 15.5H IS.SE PCN 0 OTHER P611
6 21115a 15.3H 116.4E PCH 5 HOA6 RPMlK
7 211212 13.3H 116.4E PEN 6 HOAAR RPIMK
8 211508 15.9m 115.6E PEN 0 OTHER Pt.TL
9 212180 I6,SH 115.4E PEN 0 OTHER PGTU
10 220029 16.7H 1I5,9E PCH 5 T2.e/2.0 HOAAG IKIT OBS RPM
11 220029 16.7H 1IS.7E PCN 5 TI./I. NOWAC IIT OS RODH
12 220159 16.9N I15.2E PCH 5 T2.S/2.5 /DI.5/24hRS 1(6P39 PGTU
13 221127 17.0 114.7K PEH 5 NOAA6 RPIK
14 22120a 18.4H 114.6E PCH 0 OTHER P6TU
15 221600 19.7H 114.8E PEN U OTHER PGTU
16 222082 18.qH 114.?E PEN 3 TIROSH RPrl
17 230003 19.&4 114.9E PCH OTHER PGTU
18 23006 19.6H 114.3E PEH 5 TZ.0'2.0 /$O.0.24HRS HOAA6 RPM
19 230328 20.3N 115.9E PCH 3 T3.e03.0 /D2.0/27HRS 07P39 RODKt1 28 230600 28.70 l1:'.2E PEH C OTHER PGTU
21 230938 21.O 115.4E PCH 0 OTHER PGIJ
22 231165 21.70 115.6E PCH S HOn6 P61U
23 23.68 21.9H 115.8E PEH 0 OTHER POTU
24 231950 22.4K 116.ZE PCH S TIROSHE RODK
25 231950 22.4H 116.3E PCH 3 TIROSH K*SD LLCC ROD-
26 232345 22.8H lIP 9E PEH 5 1OAA6 PGTIJ
27 240301 22.4K 1 .tK PEN 3 13.0/3.e 'Se.0/24HRS 0(6P39 RODK
29 241043 21.50 I;7.SE PEN 5 HOAO6 PGTU

AIRCRAFT FlIES

FIX TIlE PIX FLT 700MB OS MX-SFC-UiD IITX-FLT-LVL-L40 ACERY EVE EYE BRIEN- EVE TEEV (C) (SN
NO. 1) POSITION LYL HGT MSLP VEL4RG/RNG DIR/VEL4RGtG HAWET SHAPE OIR1/TATIO BUT/ IH/ DOPSST HO.

1 220703 17.6H 114.4 708M 2996 986 58 118 75 198 57 110 118 18 S 12
2 220985 17.64 114.6E 7001 2986 907 38 338 65 128 59 360 ?? 18 10 +13 +10 16
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NO. E) OSIION ST~TE ATA SYNOPTIC PIXES

FIX TIE FIX INT2HSITY NEAREST
NO. (Z) POS ITION EST IMJATE DATA (M') COIENTS

29860 I.5N S II.E IS 4

s BE2 19268 25.59 II5.8E 28 88
:200008 MSON 114.eE 20 604 2leo0J4.SH 116.5E 25 28

5 21188 15.8H 113.8E 28 10

6 2,12Ae ie.em 115.OE 35 3C
724300a 23.5N 116.SE 45 10

NOTICE -THE ASTERISKS M- INDICATE FIXES U,,NREPRESENTATIVE *i JSED FOR BEST TRACK PURPOSES.

i

*1

I

' I

I _ 135



TROPICAL STORM HERBERT

BEST TRACK DATA

07EST TRACK LAPHI21llG 24 Hour FOCC$si .'0 HOUR O' I COAT 72 2420R F0 . ECAS"
EPP I-S EPPORS LIvm.5R

20t'1D.2 P051T 111D POSIT WIND2 I-,T AI11 P2.KIT 2u3222 [slr u 0 3 P 2I2T UI 0 P 2ST U 0 POS I T U11111 DST U11iD
u1.00-1 C 0 121.8 10 0.0 0.0 0. -0. Q. l. 1 0.0 0. -0. L. 0.0 0.0 0. -0. 0 1.0 0.0 0. -0. 0.
06190001 6.3 111.0 s0 0.0 0.0 0. -0 I . U." 0.0 0. -0. 0. J.0 0.0 0. -0. 0. :." 0.0 A2. -0. 0.
061012Z 0.' 1.10.0 t0 0.0 0.0 0. -0. a . 0... 0.0 0. -0. 0. ".." 0.0 0. -0. 0 1.0 8.0 0. -0. 9.

G0I20 7.0 19 1" 0.0 0.0 0. -0. 0. U.1 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. C.0 0.0 0. -0. 0.
0..20002 7.2 13.5 15 0.0 0.0 0. -0. 0. 0.0 0. -j 0. -0. 0. 0.0 U.0 0. -0. 0. 0.0 i.0 0p. -0. 0.
Ok-0.31 7.6 137.9 15 0.0 0.0 0. -0 0. 0.0 0.0 0. -0. 0 0.0 0.0 0. -0. 0. 0.0 0.0 Q -0. O.
062-31'3 7.p I7 2 15 0.0 0.0 0. -0. 0. 0." 0.0 0 -0 0. 0.0 0. 1.- 0.0 0.0 P -. 0.
0.320207 8.1 230.2 21 21.0 0.0 8. 0 . 0. 0 . 0. . '4. 0. U 0 n.0 0. -0. 0. 0.0 0.0 o -0. 0.
062100Z 0.3 13t.? 15 0.0 0.0 0. -0. 0. 0.0 O.n 0. -0. P. C.f, 0.0 0. -0. 0. 0.0 0.0 0. -0. 0.
0-2123 8.0 132.1 5 0.0 0.0 0. -0 0. V.1 (. 0n. 0. 0. U.0 0.0 ,. -0. 0. 0.0 0.0 I). -J. n .
0.2112, 8.9 133.0 15 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0 ,..j 0.0 0. -0. 0. 0.0 0.0 0. -0. 0.

3'210, 2.2 1-1.9 20 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. 0. 0.
06'203Z 9.3 130.9 20 0.0 0.k 0. -C 0. 0.0Q 0.0 U. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0.
02206Z 9.6 129.0 25 0.0 0.0 0. -0. 0. 0.0 0.U 0. -0. 9. I.. C 0.0 0. -0. 0. 0.0 0.0 0. 0. 0.
062= 9.0 '28.1 25 0.0 0.0 C. -0. 0. 0.U U.9 8. -0. 0. V.0 V.0 0. -0. 0. 2.0 0.0 Q. -0. 0.
0022103 0.2 127..1 25 0.0 0.0 o. -0. i. 0.n 0.0 0. -0. o. 0. 0 0.o 0. -0. o. 0.0 0.0 U. -0. 0.
C2308. t0.5 226.0 25 0.0 0. C. -0. 0. U.0 O.G 0. -0. U. 0.0 0.011 0. -0. 0. 2.0 0.0 0. -0. 0.
06230G2 11.1 224.0 25 3.0 0 .u 0. -0. 0. 0." 0.0 0 -0 0 I . : 2.0 0. -9. 0 J.0 0.0 I 0. 0.
062322 22.6 122.5 25 0.0 0.0 0. -0. 0 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0 0.0 0.0 0. -0. 0.
0223103 12.0 122.2 30 a.0 0.0 0. -0. 0. 0.. 0.0 0. -0 0. 0. P.0 o0. -0. 0. 0.0 0.0 . 0. 0.
024803 12.3 120.7 35 0.0 0.0 0. -'. 0. 0.2) .. 0 0. -0. 0. -1 1i 0.0 0. -0. 2. 0.0 0.0 i. -0. 0.
_ '.0.Z 22.3 229.2 40 0.0 0.0 0. -0. .2 0." 0.0 0. -0. 0 ... 0.0 0. -0. 0 3.0 0.0 . . 0.

62412z 12.9 127. 40 12.5 11E ' 5. 30. - . 22.2 223.21 .20. .2. 'A. 2..0 220.0 .3. 1.": 0 2q. .'9.5 .23 .3. 0.
06'410 13 6 16.4 40 13.2 1IG.7 35. 3b. -3 n5.. 11.3 .1 0.50. 123.2 210.6 -4. 5' -.. 7 2 1.G 4, .. 0.
06-0003 14.3 115.2 .15 14.5 115.1 3 . 13. -If). 22.. III.5 .15. 9". -3. . I2I.2I .15. p1" 10.0 U.0 '. 0. 0.
06206 25.0 114.0 50 20.1 I.. 1 40. 315. -I. 20. 220.0 .15. 100. U :.8 220. 30. t.. -13 0 0.0 . 1).
02523 255 112.80 . 1.0 11,.3 4.. 41. --. 20.3 12.0 55. t,3. 20. 3.113 55. -. 3. 10 1.0 0.0 0 0. (0 ,
0 :2513 20.0 112.0 %4 2.7 112.0 to. 42. 0. 2'i. 2210.I 0 53. -. 13. . 1 2 0. 1 ° -4;. 2.0 n.0 0. 02.
00",3t22 20.7 222; .2 !7.0 i22,t .5. ?5 -5. U I'I. . I ",. 10l. -10. ... Il1,- 2 , 2 -I2S ,O 2. -, 0 ..

1026003 27.3 110.0 50 27.5 110. . 1;. 31 -4., 1.21 2t1, 5 3 -2. l". , -i 02 I
t

. i 0 . .
0l02'I3 20.0 210.5 .5 10.5 120.6 40. 12n. -5. 22. 201.1 3i1. GO. -I'. iinl ll I1 . 2' .0 .J.i2 0 .
S002023 10.5 220 0 45 10.t 2203.2 .0. 25. -5 0.

I I  
0.0 0. -0. 0. 0.2' 0.0 U. -(I. i .0 IA.3 22. it.

062708 19.0 109 7 43 19.2 109.6 35. 13. -20. :20. 109.2 30. .12. -It. i.u U.0 0. -0. 0 '.0 2.0 0. ..
0627060 29.b 109.7 .15 29.7 205.5 35. 16. -10. 20.0 109.0 50. 70. -!2%. 0.0 0.0 0. -0. 0. ki.0 0.0 0. 0. 0.
02,12 2U.? 109.0 45 20.5 109.0 35. 21. -10. 0.0 0.0 0. -0. 0. 0) 0 O.o 0 -0. 21 '. E 0.0 - . '2.
OC2;'I2.Z 20.6 109.5 .15 21.0 10.06 30. 25. -.5. 0.0 0.0 0. -0 0. 1 1 "'.0 0. -1. .2 0.0 i, 0 '.. r.
062800Z 21.1 10.7 .21% 21. 10.7 25. 50. -'0. 2.) 0.0 0. -0. P'. 0.1, 2i.1 0. -, 0.., '2.0 0 0. 0.
06282;U 22.7 1202.2 40 0.0 0.0 0. -0. 0. 0.-1 0.0 0. -0. .. 0.21 .11 -U . 0. l.0 0 . ' . -0. 0.
002012 21.9 1306.9 20 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. o. i.(. 0.!. 0.. - 0' 0. 2.%0 0.0 i . 1.
0721.. 22.4 205.0 15 0.0 0).0 0. -0. 0. 1). i0.o 0. -0. 0. 0.1 0.1 0 -0. 0. i.0 O.2 q. 0.

- 6 29003 22.9 104.2 10 0.0 8.0 3. -0. 0. 0. 0.0 0. -0. 0. 0.0 0.6 0. -0. 0. 0.0 0 0 .. -0. 0.

LL FPFLAS13 nmuI2ou2. LUILL ,,V 3f. V:
3.1020 2.2-2P -.0-HR 7 -HP 2lll. 21I-I -1 .- !1122 72 A.

0'-. F2CCAST P83T EPPO 23. 7C. 1311. .. 0. 0. .o 1
A. P20i2F 0,0LE EPPOP 19. 39. 102. .3. 0. i. 2 0
.'W3 2I1L'-25233 I1'GTITUDE E08OR 0. 23. 13. . 0. (. 1). 0
632 2.2Tlr22lT -BinS -0. -!1. -2I . 0. 0. 0. 0i. 0
2l2I,21P 0f FkP0C102Ts ,5 1 7 2 0 0 U 2

D0dICE TP01LL y ST0100 IS 221. 022 l~AVE 'RGE ' PELD OF SIOPM IS 11 I, IT

180TROPICAL TOR HEPERT
FIX POSITIONS FOR C0LOE NO.

FIX123 T;IIllSi

HO. (Z) POSITION RCCRY D5V'R0. OE 3ATE.LLITE O('1TS SITE

1 210031 8.4m 135.iF PC) S T0.b,.5 DfSP39 2iNiT CBS PG2
2 211027 8.92 233.3E PC)) 5 22A6 PGol
3 211800 9.O 232.2E PEN 0 OTHER PGTU
a 212387 9.3H 130.90 2-C 0 2O0 PGU

'Hi S 220202 9.40 130.6E P0l S TI.0'I.0 De."SH250RS 2125P39 PGTU
0 2u300 ).0S2 229.E PC2 0 OTHER PGTU
7 221003 10.6tH 129.0E PC.; 5 2N0 08TA ED2GE P032u

* 8 222245 II.S2 124 9E PC)1 5 220A0 21ATA EDGE PGTU
9 230133 10.3m 12.5E PCH 3 T2.0/2.8-.02.0/24HRS DflSP39 PGT

* 20 231208 2.612 206E PC) 0 OTHER PGTU
* 2 232000 12.822 19.50 PCH 0 OTHER PG0U
* 2 240008 12.444 119.-E PC" 0 OTHER PGT1.

13 2400603 12.421 120.80 PC" 0 OTHER PGTU
24. 240201 2.32: 220.-10 P022 0 32.0/2.0 2122P39 2222 080RP
15 2403I 22.22 19.20 PC" 0 OTHER PGT
16 240-900 12.61, 228.10 PC2 0 OTHER PGtU
17 2.1 1102 22.814 I7.7E PER 0 220A0 PGTU
20 241200 13.82t 227.5E PCN 0 01HER PGU
19 241600 23.20 11.1 P7.22 0 OTHER Pru

* 20 242208 24.4 1124.40 PC r OTHER PGTU
21 2.2332I 2.I.02 114.80 P722 3 73.5 '3 .0OAA6 IIT 3 S PG7U
22 250Z3S 2..52 2.4 PC" 0 T3:0,'3.0 / .0./2 HRS DSP9 RPM

* 27 25035 ".2.0 223.70 PC2 5 T3.0,13.0. 212-P39 2NIT OS 0ODII
24 2500 15. I 113.2t PC" 0 OTER PG0T2
25 251200 15.4 112.2E PCH 0 OTHER PGT
26 251221 29.6 !I2,7E PEN 5 HOA RPtMI
2/ 251600 16.2H 2.0E P000 OTHER PG3U

* 28 252200 17.1 222.30 PEN 0 OTHER PGTU

29 25 20 2$.02 122.2t. PEN 0 212103? RP21
ll30 20200 26.911 II.0 PC") 6 T3,3.5 /0.52222I 2 0R06 821RF

31 260215 27.00 i2.0E P00 5 32.53.5-11.0226M0S D11P39 PG3U
32 260215 17.I !20,0 PEN 5 T2.5'3.0 /W.5/24MRS DtSP39 R02114
33 260600 2 7.00 11.2E Pr 0 0222ER PGTU
34 260900 20.,2 I2.0E PCN 0 OTHER PGTU

35 261159 18111 !2.SE 00" S 22046 280x CH3 RO1
36 261200 18.2H If.404E PC 0 OTHER PTU
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37 261600 18.SK 110.2E PCH 0 OTHER PGTU

38 262100 19.K 220.6E PER 0 OTHER PGTU
39 262234 26.8H 169.5E PCII 6 DMSP37 Rpm

46 262234 19.6K 109.6E PCK 3 Dt2P37 RODH
41 270038 I9.OH 169.4E PCH 5 T4.6/4.6-/56.St24HRE 2406 RPK
42 270336 19.6H 269.7E PtA 5 DrtSP39 RPtIK
43 276906 26 3K 116. PCH 0 OTHER PGTJ

44 272236 20.1m 109.3E PCH 5 HOA6 RODH
45 27126 20.3N 110.2E PC 0 OTHER PGTU
46 271600 26.6:4 269.96 PCH 0 OTHER PGTU
47 272213 26.7K 109.3E PCK 5 Dt6P37 DATA EDGE RODH
49 266666 21.5H 109.4E PCK 0 0IHEC PGTU
49 28016 20.6H 189.2E PtN 5 T3.64.6- 2OA6 [I1 OS ROD
56 28030 21.8M 266.7E PCH 0 OTHER P,I

51 280316 21.4H 266.4E PC 3 T3.0/4.0-/I.6'26HRS 1f6P39 RPmt

52 280316 21.6N 266.6E PtA 5 ft1s?39 RO
53 290968 2.5H 267.2E PCt: 0 OTHER PGTU
54 28128 21.6K 106.6E FN 0 3THEP PGTU

AIRCRAFT FIXES

FIX TIlt FIX FLT 7662 065 mAX-SFC-UJD rAX-FLT-LAL-UHD ADGRY EY LYE 0
0

2FK- EVE ErP (C) mm
HO. (Q) POSITION Lt HGT tISLP VL/ORG/6G IR/VEL/BRGRG HAV'ET SHAPE D2At/TATIO OUT" IK 2ih-ST 40.

1 240717 12.4H 26.9E 2566FT 996 40 640 7 220 56 266 1 5 1 +24 +27 +24 27 2
2 242398 14.4H 115.2E 788119 3061 998 25 e58 30 160 4a e5O S S S +12 +12 3

3 250620 14.9H 113 6E 7er 3652 996 35 698 26 14e 49 696 26 5 3 4
4 250822 15 4H 113.76 766"13 3626 992 45 056 10 150 42 656 26 6 3 -14 12 +12 4

SVHOPTIC FIXES

FIX TIE FIX INTENSITY IIEAREST
HO. () POSITION1 6STISTC DATA (H) COIENTS

1 22120 8.5H 129.6E 25 25

S236666 2.K 126.E 25 46
3221266 22.5K 223.56 26 36

2726 26.6H 26.BE 30 28
5 266666 21.K 26 19.2E 45 26

-= j NOTICE - THE ASTERISKS (*) INDICATE FIXES UNREPRESEKTATIVE AND HOT USED FOR BEST TRACK PURPOSES.
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TROPICAL STORM IDA

BEST TRACK DATA

BEST TRACK 2.656266 24 HOUR FORECAST 48 HOUR FORECAST 72 HOU FORECAST
ERRORS ERRORS ERRORS

22D8/HR POSIT UIHO POSIT UIA DST UIHD POSIT UIHO OST U2ID P3SIT UIND OUT UIHD POSIT UIND DST UIND
8786036Z 12.5 139.9 25 12.2 139.0 25. 19. 8. 13.6 135.8 35. 135. -5. 14.3 131.8 45. 278. -5. 15.8 128.6 55. 389. 0.
0?8612Z 13.2 130:8 38 12.9 139.7 25. 55. -5. 14.5 136.8 48. 191. 0. IS.? 1-2.2 45. 339. -28. 16.2 128.9 45. 452. -5.
e. 8?8bl8 13.? 237.6 38 13.7 138.7 38. 65. . 15.3 134.? 45. 282. 5. 16.4 :38.5 45. 386. -0. 17.21 126.9 41. 378. -5..?878708' 14.? .36.5 35 1 4.5 138G.2 40, 21 S. 1 6,4 1 31.1 55. Q4 IO a I8.0 1276 " 197. 6. 2e. 123.8 ?0. 192. 20.0878706z 15.8 135.3 48 15:5 135:4 1:. 19,: 1?:1 131:o I5. 145: 5, 11:6 '126.9 IS. 208. le. 22.0 123.3 70. 207. 25.

87?72Z 16.7 133.6 .0 16.5 13.9 48. 2. 8. 19.6 229.2 SO. 133. -5. 21.4 225.0 60. 178. 10. 22.4 128.6 65. lg. 20.
8787282 17.2 131.0 48 17.2 132.0 45. It. 5. 19.6 126.9 IS. 75. 0. 21.2 122.9 65. 89. 15. 22.5 19.e 65. 45. 20.
871882 27.8 238.2 45 28.8 130.2 45. 13. 0. 28.9 123.8 60. 201. 0. 22.9 18.8 55. 143. 5. 0. 0.8 0. -0. 0.
8788062 18.3 228.6 5 18.3 128.6 58. 8. 8. 28.7 223.2 68. 54. 5. 23.4 228.2 SO. 137. 5. 8.8 0 .0 8. -8. 8..788:22 28.6 27.2 55 29.8 227.8 S , 23. 8. 28.7 120.6 65. 93. 25. 24.2 226.9 58. 267. 5. 8.8 8.8 8. -8. 0.

87891Z 18.9 12.8 55 19.2 125.8 55. 49. 8. 21.6 110.5 60. 178. 10. 25.2 16.8 38. 206. -15. 0.8 8.8 0. -0. 8.
878988Z 19.3 224.4 68 29.2 124.6 68. 13. 8. 21.8 119.7 60. 48. 1. 23.5 16.7V 50. 77. 5. 8.8 0.8 0. -0.

876986Z 19.8 123.2 7.5 29.7 223.3 68. 8. 5. 21.4 228.6 CA. 56. 25. 24.3 226.2 28. 102. -Z5. 8.8 0.8 0. -8. d.
0789122 28.3 122.2 58 28.3 122.2 68. 8. 10. 22.4 117.7 68. 71. 15. 25.2 15.9 15. 125. -30. . .0 8. 0.
8789282 20.7 121.4 58 28.7 28.7 68. 39. 10. 23.2 216.7 58. 95. 5. 0.0 8.8 0. -0. 8. 8.8 8.0 8. -0. 0.
0710002 ZZ.. :2.5 5 28.8 128.9 55. 29. 5. 22.? 110.5 45. 50. 0. 0.0 0.e 8. -0. 0. 0.0 0.0 0. -0. 0.
8728862 21.5 19.6 45 21.2 119.8 55. --,. . 22.8 116.8 45. 17. 8. 0.0 8.0 0, -. 0. 8.0 0.0 0. -0. 8.
87082 22.0 118.9 45 21.7 11.8 55. 19. 28. 23.8 225.8 38. 57. -15. 0.0 0.O 8. -0. 8. 0.0 8.0 0. -8. 0.
8728292 2 .4 110.2 45 22.4 118.2t 55. 6. 20. 24.6 116.2 25. 48. -5. 0. 8.2 8. -2 8. a 8.80 0 . -8. 8.
8711082 22.6 217.7 45 22.7 226.8 45. 58. . 0.8 8.8 0. -8. 8. 8.0 8.8 8. -0. 8. 8.8 0.8 8. -0. 0.
8722862 22.8 227.2 45 22.7 227.2 45. 6. 8. 8.8 8.8 8. -8. 0 .0 8.0 0. -0. A. e.o 8.8 8. -8. 8.
871112Z 23.2 116.6 45 23.8 226.6 45. 22. 8. 0.8 8.8 8. -8. 8. 8.8 8.8 o. -0. 0. 8.8 8.8 0. -8. 0.
8722282 23.9 226.2 30 23.8 116.2 36. 8. 0. 0.0 8.6 8. -0. 8. 8.0 . 8. -8 . . . 0 0.

ALL FORECASTS T'PHOONS WSHILE OVER 35 FTS

2.66G 24-HR 48-HR 72-HR ,JRHG 24-HR 48-2R 72-HR
W.O FORECAST POSIT ERROR 22. Q9 282. 253. 8. 0. 8. 0.
AVG RIGHT A6GE ERROR 22. 37. 13. 226. 8. 8. 8. 8.
AVG IHTEHSITY MAGNiTUDE ERPOR 3. a. . 24. 8. 0. 8. 8.
AVG IHTEHSITY BIAS 3. 3. -3. it. 8. 0. 8. 8.
HU20ER OF FORECASTS 23 19 14 7 O 8 0 0

DI3TANCE TRAVELED BY STORM IS 1527. H2

IIVEFACE SPEED OF STORM IS 12. KOT5

TROPICftL STORM IDA

FIX POSITIONS FOR CYCLONE NO. 8

tHITELLITE FIXES

FIX TIr FIX
60. (Z) POSITIOH ACERY DVORAK CODE SATELLITE CCMIEIITS SITE

* 2 050608 I.&H 144.8E PCH 0 OTHER PGTU
2 e6 3 " 22.66 148.9E PCH 3 TO.O,8.0 DrSP39 WI1T 0S PGU
3 066529 12.2H 139.F PC" 5 TIROSIt PGTU
4 860957 12.54 I40.IE PCH 5 HO8 LLCU LINES PG7nJ
5 861688 14.11 137.9E PCH 0 OTHER P6211
6 862C43 23.76 23E.76 PCII 6 DM5P37 PIN RASED Ol UM FEATURES PG6J
I 82180 14.8H 237.4E P"H 0 OTHER PG."1
8 8622 6 14.8 136.2E PCh 5 T2.8/2.0 /D2.0/22HRS HOHAS PGTU
9 78258 24.9H 135.6E PCH 5 DtISr39 P.311* 28 878259 25.52 235.5E PCH 5 T3.0-'3.8 DSP39 [HIT OS RPI
it 078308 25.3H 135-.E PCH 0 OTHER PITU
12 07111 26 6 133.5E PCH 5 HOAA6 PG1U

I 871288 16.24 133.4E PCH E OIIER PGTU
14 071668 16.66H 132.4 PC" 0 OTHER PGTU
15 872355 17.66 297.?E PCH 5 HO60 PGTU
16 072355 17.96 129.CE PN 5 2200A6 DVORAK 01 39 PASS RPtx
7 8129 1 768 129. PC-1 5 T3."3.S /I.527HRS D"P39 PTU
2a 6e8239 27.83 229.RE PCE 5 T4.e/4.0 .'DI.0/24HRS DSP39 RO t
1 08039 7.7" 129.4E PCH 5 TU./4.0 , SP39 2621 OBS REDH
20 6=2053 166H 126.7E PCN S 11OA46 PARTIALLY EXPOSED LLCC PGTU
21 031688 19.4H 125.RE PC" 0 OTHER PGTU
:'2 012142 29.2H 124.SE PCH 6 D"SP37 P6T3U
23 882333 29.H 124.SE P86 5 6O86 P611124 898229 29.2 I 24.0E PCH 5 T4.0/.b /SO./24HRS 62P39 R8"R

25 098-19 19.44 124.2E F.H S 73.5/3.S S0.0/24HRS 82P39 P63T

26 892 28. 96 124.IE r, ', 14.8/4.8 so8. " HRs bMS839 ROD"427 090380 19.56 123.9E P86 0 038CR PGT2
28 092031 19.9H 12.8E PCH 5 HOA6 PG1
2S 0916e 28.46 120.6E PCH 0 OTHER PGTI
38 892310 21.8 120.8E P801 5 T3.1,3.5 ,.J.S'24RS 6086 P621T
31 186242 21.e 2119.SE PCH 5 T3.014.8 UI. 241RS RDP39 RPml
32 1 "241 22.86 220.2E PCH 5 T3.0/4.0-,1JI.25MRS DMSP39 RO86
33 288625 2..5H 129.8E PEN 5 TIROSH P311
34 200625 218 119.6E P86 5 T4.0/4.0 IIROH IIT M RKSO
35 10887 21.2H 119.3E PH 5 TIROSH RPW
36 1011SO 21..M4 110.6E P8H 6 6OA6 RPM
37 201680 22.8H 1 10.5E PEH n OTHER PG6rj
38 i022m8 22.2H 217.6E P86 0 OTHER P611
39 102248 22.3H 216."P PC 6 DSP37 RPMX
48 20038 22.46 117.7E PCH 5 13.0'3.0-/$0.0/22HRS HOA6 ROD"

41 110220 22.8H IIt.SE PCH 3 T3.O/3.0-/Sa.O/24HRS DmSF39 RPm
42 116221 22.6H 117.5E PCH 3 T3.O/3.8-/SO.O/2?HRS 676339 PG1
43 0221 22.0 1127.48 PC4 3 T4.5/4.S-/DO.S/20HRS DMSPZ2 RKSO
.44 110756 21.2H 226.2E PEN S TIROTI R8pm
45 11988 23.3H 11226.4 P8H 0 OTHER P6Tu
4, 111288 23.76 IIG.3E P8H 0 OTHER PGTU
47 1 2219 24.26 IIS.3F PCNHS DEP37 RPMK
48 11222 23.3H 114.RE PCH 6 c6'ISP° RON
49 228887 23.86 114.6E PCH 5 T2.S/3.O-AJ..S/24 RS N000 ROH
W, 228202 24.86 114.2E P86 I TI.5/3.0-/UI./24HRS DMSP39 PGT
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8AIRAFT F1)CS

FX TI- Fly FLT 7 08$ OeS W,-SfC-tID MX FLT-LVL.-tI.LD 8(CSY EYE EYE ORI0"- EY- T"I (C) rA2*1

HO. QE) POSITIONI L7.. HGT I ,LP VEL4,(GIRHG DIR ELi'SRG/R4CI HAV/2I T SHA1P-E 0 .V' TTIOH OUT " ',- .. ,T H .b N

I 61445 11.81 140.9E 1508FT te2 25 260 C0 280 34 248 60 3 2 *.4 -25 -24 26 t

2 062326 14.5H 136.5£ ?ee -0 _ 9ie 98 S0,"0 60 219 4r CO 62 3 5 .22 .21 11 2

3 078615 5.6H 135.4E 7860M 3e35 4' 130 90 220 46 130 12t 5 5
4 e79 5 16.3N_ 134.6E 75e(r 3022 992 2 220 5 230 28 298 20 4 2 *+3325 *+ 3

5 872130 17.5N1 130.OE 760" 3831 992 3S 00 1 170 45 e90 10 18 2 .13 .14 + 9 4

6 e8633 1 28.4 20.5 E W 7 68878 90 is 8 5

- I80 2 5 28.5*1 227.86 78079 2-96 998 SS CI 35 220 55 810 35 10 9 .19 18 . 9 5
8 z133 19.1 12.1£2E 7 2911 65 850 69 1 8 53 8280 48 5 5 -34 .16 *12 6

9 090725 29.94 222.9E 78fg 2960 85 848 28 278 46 20 225 5 20

Id 890903 20.2m 122.6[ 78079 2957 98 05 090 40 138 30 98 48 S 10 .15 .16 -28 ?

it "12936 28.7 1 222.3E 7877 2965 368 3-5 220 228 3 5 8

12 6922127 28.8H 121.8£ ;882 3000 990 45 130 70 2 22 .12 -16 .13 8

NOTICE - DCT ASTERISKS (C) INDICATE MIS UREPESEHTAT2V lt NOT JSED FOR BEST TRACK P(985ES.
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TYPHOON JOE

BEST TRACK DATA

MtDAA POSIT UIHID POSIT UItlD DST UIND POSIT WIHO e-T U114D PSIT U|ND DST UIHV POSIT U]IK DST U11t1,
e71 e8 9: .2141:1 15 6:i .I -: -C. li . -E 0.0 ,0 O. -0. 0. 0.0 0.8 3. -0. O, 0.0 iD.0 0. -0.iD
7| e~l .0.: 42".2 2t .e e e . -0. 8. e-8 0-0 8. -8. 0. o-e 0-0 a- -0. D' e.3 e.0 0. -0. ,

e7162ZZ 11.0 1.4o 6.0 e.0 6.0 e. -0. e. 0.0 0.e o. -0. e. e.e C.0 0. -0. e. 0.e R-e D. -D. t
j,+l ~ e t . I t . o ~ ~ e - -e : e : e:1 0 -1 1 : . - - . u . o-0 0 0 -.+a e . .0 0 .8 U . -0 . 0 .

-- + ~ ~ ~ 0 01 70CZ 14 '44.1 38 2. 14 0:. S 1.1. 3.;.0 € 5. 9 .5 13 4 S5. 128 . @2 13a.e 70. 31G.-"
elz 2.?14.8 t 3. 14.9L ?,. so.15 33.9 40. I4. C. i0. 034.9 5. 'Y)-j 0: 2. 1 . 396. -'8 71712Z 12.9 141.6 70 13.8 142.5 21e. 53. -18. 15.2 138.2 M 1 . 0. 1.- 3 133.7 55. Z13. -10. 19.2 191 70. 341. -3"

or11"1a1 13.C Ij.3. 3a. 13.1 1.,,e.4 20. S. -10. 14.4 13s.5 .15. 40. -,. iS.S 130 .0 55. Ir-e. - 17.0. 1:6.. 78. 223. u
071eM 13.4 130.9 3S 13.2 139.0 -2. 13. -10. 14.2 134.2 SO. 63. -S. 15.5 129 .G 60. 1-3. -2S. 17.3 125S.1 70. 769. i.
07llsm 1 3 9 1:7 7 -4O 14:.l1 137.5 35. U . -. 15.3 132.5 SS. Ca. -.5. 17.0 12..6 6,5. 15'9t. -3 0. 19.3 123.2 1). 254. -

+= DI'Z1. .64 1. 36.3 4a. 6. .55. 15.7
P 

-31.2 CO0. 73. -5. 17.8 12G.2 70. 162. -35 . 20.4, 121.7 71 7.-

" 719364 14.4 134.8 .8 14.4 135.1 45. 17. -5. 16.1 330.1 65. 11?. -10. 1o.: 125.2 70. 10'5. 0. 20.9 1Cq. 7- '.+16. -20.
I rl.m 1.32 5+ 14.6 133 3 . 6. V$ 15 12 ?ae 54. -15. 7011 0+5. !:G. is. 20. 5l. U.-. 2.?9. .

o,19Z~ I, 13[S I. 1 .1. ,'5 :2 1 .',".: ' " . 0. -3. 1'8.' 120.: to ee -1. 5:. 21,5 11. if. 9 5.

a'1912Z 15.3 134. 0 65 15.3 138.1 65. 6. 0. 17.7 12 .. 9 -0Eq. 43. -15. 19P.1- tl0. 7 110. M1. 2,. 22.7 11.5.0 11". 3m . -.

+P7192Z 15.4 12S".2 75 15.8 128.0 7"0. 42. -S. 18l.(- 123.0 n,. 75. 25. 20D.3 M1.3 110. ".'. +2e. 23.3 114.8 .- , -
ee-' 15.6 3-1.6 05 iS.7. 126.7 00t. 0. -5. 17.3 119).4 6e. C-1. e. 19.e 115.1 ;-0. U3 

. 
-2'+0. Zz.0 Ii. I "Z.: 7,. .j ..

VZOO,2 16.1 '32.3 95 16.0 125.0 8S. 6. -leD. 17..5 118.65 6+,. 29. -leD. 19.3 114.8 '0. 1 2 -1A
1  

0DO .0 ' ,-i.
07ZIZ2 16.5 123.7 105 16.4 125.3 -30 . 24. -15. 17-Si 118D. l e'. 5R . -:5. 19.C+ 114.4 -0D. 2-11. 0. 0D.0 e.0 0. -0D. P.

| e720IIZ 1-7.8D 112.2 78D 17.1 122.2 'Y. 6. 0.0:. 117'.5 '0. 125. -20 . S- I13' O 1... 0.0 0.0 P. -0. V.

eI iee2IDz 16-9 120.4 478 17.4 I. 3.7 65. 34. S5. IP.G 116.1 M . 144. -IU. 21.2 113.1 Wr..361. 51,. a.O O.C, 0. "0. V.
Zler- 17S, ',r. 19.0 ."5 1'.0 IM 59 . 0D. 10. 2e.3 113-7" 'S. -0. -18D. D.0D 0.0D 0. -0. Q. d.0 0D.0 .-. Oi 0721123 11.4 11-.3 1 111:7 117:1 75-1.-iD 2. 251 0 .0 oi 0D. O -C. .iO . "."-U

i.1 , i. I 1. 1 5 . i.3 -75. 21. : -1, :'. 'IN. a S: . - .e .i 0. . 0 . 0. 0 :.0 -1. -0+. Ui.
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FIX T!:If FIX FLT 7886I OBS MX-SC-uLID IrX-FLTLV.-LUND ACCRY EYE EYE ORIEH- EYE TElP (C) YS51

NO. (Z) POSITIO4 LVL IT I732.P VEL/1R/RNG V1IR/AEL/13G/M tA481ET SNAP-, 02I8/TATION OUT/ IN/ DP/SST KC.

S2605n 9.8O 14 .3E ISOOT IO0 15 230 25 4 5 2?
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RADAR FIXE1S

FIX TIM FIX EYE EYE R800-CODE RADAR SITE

NO. Q2) POSITION RADAR OCCRY SHAFE D81 1 9SR 70DFF C04?9E2TS POSITION L' No.
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02716%Z 14.2 122.2 28 e.0 0.8 0. -8. 0. 0.8 0.0 8. --3. 8. 0.0 8.b . -0. . .0 . . -. C-
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8716182 24.7 119.2 0. 0.8 8.0 . -8. 0. 8.8 .8 . . 0. o .0 8.8 e. -,j. 8. 8.e 8.0 o. -0. 0.
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877211 82 1. 114.4 30 S:. I. 38. 29. 8. 22.9 12. 1 8 133 to 0.0. - 0. 8 . 8 . -0. :,,
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e657 ral"Ixu i ?4a a~ov.s -MV 'a O'(t1T 72 m=E 15003*?
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07 t12 23.0" 1.0 2 . it I. 0 I. -0. 0. -. e C.0 . 4. . 8.0 e.0 C. -. e. 0.& ax 7. -4. a.0721?*2 22.41 -4.9 25 aS8 a.; 0. -0. a. 60 1 8 .0 8. 4 .t 0.0 &.0, C. 4. A. e 0.0 0*. 4e_ a.
072101 23.; I.. -It S.C 0.0 C. 48. 0. VI 0 a . -0. 6. 0.0 0.0 8. -0. 0. 0.0 4.0e 0. e0. 5.

715C 23.6 245.4 30 2.0 1-40.e 30. 13. . 25.5 ex 0e.4 a. . .I. .. 50 . 113. -IS. e .3 14.0 41. -e. I.

PCr212: 24.? 14 .3 30 24.4 14S.3 2. f- r. 2.5 141.0 So. e. . 211.3, 1 .7 SS. M. -l0. 31.3 1 5. 7 52. 0..
0721 24.0 .3.9 35 24.0 14.2 35. 33. a. X.0 a1:.-- s. 0. 0. 3. 10.3 IM. X6. -a. 31.5 150.2 5c-. 57A. -.
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6
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c I 2. 23.3 :".4 M. U. 0. 23. 14.4 M. VIP. I0. Z3.2 20.2 3 44. 2$. 22.2. . 5
002102 2.4 4 :..S5 75 24.3 14.0 Co. ;1. S. 24.4 1-.1- &S. 113. 15. 43. 2 I4.1 4. =. 25. 2.2 Is..S 17. 50. 34P.
0mm:. 25.4 24:4 an 2.06 14 .0 80. is. f. .-1 12.0 n5. 1,e. 5. M. -V46.1 I5. 3it. -s. 30.5 :7.2 73. W'4. 1..014020.2. 2-.4 15 20. I, . 20. 0:. 5. 2.? 24.0 45. 2*. m. . : ." 5'. W. 5. 0.0 w.0 -'. -4. 9.
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eve..1 27.1 14.5 0 27.1 14.4, :0. S. 4. 31.1 14.0 55g. 82. - . 0. 0.8 0. -0. . 0.0 0.0 r. -9. _.

6. 6452 1-3.6 It ? 652.0 244.7 . 2. 0. 71.0 4 $. 261. - . 0.a 0.0 0. --. 0. 0.0 0.0 0. -0. 0.
2311 7. 45.1 0. 21.5144.9 5. 21. a. . I 2 -. 1-. 5.8 0.0 0. c. 5. 0.S 8.8 "2. -0. 0.

0041*l 21.? 1 . 30.0 1-.2 g1. 22% o. 33.s 14,.2 4. 13.-!s. 7.a e.? 0. -a. e. 0.0 0.0 . -4. 0.
MrCW-6 3C.2 145.3 CC 30.2 142.3 6a. 0. t. 0.0 0.81 0. 4e. 0. 8.0, 0.8 0. -a. a. 0.0 0.0 n1. -41. It.

2wv Be "-5623 .20. se2 14.0 c. 12-. a. 321.7 14 55. W7 -5. 2 5.5 .1. 23. . 1.4, Is0 . 46. 0.
3:.62 31.8 I- 4.. 8 3 .0 10.S £o IS. S. 33.v 59.t 59. 57. -5. 40.110.0 . -0. 0. 0.0 ' o. 4. v.

a528 3.:.S 60 3 . . C. It. 31.2 15.3 se. 0. a. a.0 0.8 5. -4. 0. 8.0 0.6 0. -0. a.
- 180000 332.2 --. ) 60. 12. 0. 35.3 53. 3 +0. C2. *.1 1. S.C 0. c. 0. 9.0, 0.0 a* -. 0.

2 i 321 52. .2 U.4 32.? -. 1 60. 16. 0. 36.2 152.5 45. 202. 5. .0 0.0 0. -c. 0. 8.0 0.0 0. 4. a.

MAZ12 33.2 1S.5 55 33.2 15.: 5. 13. 0. 0.0 *.a 0. - . . 5.0 v. 4. a. 0.0x .0 It. -*. 2.
0Ow6l: 33.01 152. 50 3u.0 153.0 So. 13. 0. 0.0 0.e 0. 40. 0. .'r 0.0 C. -z. C. o'.0 0.0 0. -A. P.

3-4 154.4 50 3c.r 15.5 so. 0. a. .e e.0 P. -. a. ".. 0.0 0. *. a. 0.0 -. 8 0. -0. r.
0iM06 315.0 115.0, 1 0.0 0.0 0. -4. 0. 0.0 5.5 0. -Z. 0. a.1 0.8 I. -a. C. e.0 9.6 0. -a. 5.

!iLL!t .rrrS -.v~f ?ia u 3
23-4 --21140 -0411 (185240

-W to. %. 3s. 41- to 6 71130"
- 00 .20 -Wm 1I. N1. -IS. 4N. I1. 2r. 1. .

A* 2 T1 f21. ft152.6 . . . 4. .. 3. 7. :4 .

-a B. -.1.-ll -its

155O 22.4 1mcsl u4 5 2 Z45.. -V 34I --5 .1 294s
.4 ~zs,- .AUB S-407 M5. 111.5 m03 017-0615,1

SM li srw Is a.' tiC;

7 .4 +06.2- . . 4.'.N i) . liis S

0122.t" 14.68 v0. m -.0- MW10031'1103t
3 8 '7.0 1 s.1 0 0. 3611.50cc
-zps- 22.30 1%4-S.2m1 c 000 S.-0 '00L3tI=_wL

746 11 a11-5 Nn MW 3.1 .7

J -I -MI.M.' 2.&' 143.03 ovi 3 Ma2.&. LL52 '32 '05

- M 53147.2* '00N 0 L&IFK

:9 l MO 2V5.693.4 '0- 51-.146q

:,-9 V,1506 25.5m 144.34 c-. aM a*003z

J- Z3 -M a- 1- .- +V . O K O

it6 24.Sft 16.A. M 0 '003 #.T

26C0627- Z4.4. 14.2 10. 5 .0.6' .5 391913
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27 010027 24.6H 145.9C PCh 5 T4.0/4.0 DiMSP39 INIT 085 RO1
28 010300 21.:'l 1.4.E PC8 0 OTHER PGTU
29 020043 24.11 145.3E P611 6 HOAA6 PGTW
30 011600 24.0H 1,45.2E PN 1'3 OTHER PGTU
31 012304 23:1 144.4E PC1 1066 PGTU

-= 32 020068 23.71 244 4E P61 5 T4./4.5 /D0.5/241R0S 21P39 PGTIJ
33 020300 23.4H 144.5E PC 0 OTHER PSTU

1 34 021002 23.8" 144.30 PCN4 5 HOA6 PGT
* 35 021200 23.00 2 4 PCH 0 OTHER PGT
36 0226 0 24.31. 244. 2 PCN 0 OTHER PGTU
37 822242 25.01 1 44.50 PC1 3 11on6 P01 OD ON WELL DFHD LLC PGTU
38 038129 25.4H 144.4E PC14 3 S.0.'S.0-/D0.S/25HR5 Dt70P39 PBL M FR0l0 G PGTU
39 03129 25.51 144.5E PCH 3 T4.5/4.5 0HSP39 KNIT 001 ROH
AB 030308 25.09 144.4E PC11 E OTHER P'T2
41 830940 26.31 124,.36 PCH 3 OARG PGTU

2 42 031680 27.31 144.20 PCI 0 OTHER PGT
j 43 032056 27.61H 144.26 PCH 6 Dr6P3? POWU

44 032219 27.1 144.60 P611 3 H166 PGTU4 45 040209 27.81 244.6E P61 3 t0.0/'.0- 019P39 INIT 080 RKSflI46 040209 28.01 244.60 P611 3 T3.5/4.5 /U1.5/24HR5 019P39 PGT

4? 040380 28.3M 1 42.70E PC C OTHER PGT3.
48 0409300 29. 2" 1 44.30 PCH C 031HER PGT
49 048917 29.01 1 44.86 PCH 3 10666 PGTu
58 041608 29.58 145.30 PL1 0 OTHER PGTU
51 042034 29.8H 146.2E PC1 3 T3.9/4.0-/I./91R0 D2,P37 RKO0
52 842035 ?9..9 146.0E P611 5 DT2SP37 PGT
53 84215? 30.0H 246.2E PCH 3 NO86 PGTU
54 050449 38.21 246.30 PCH 3 DMSP39 RKSO
55 05...9 30.21 246.6E PC1H 3 T3.O/3.5-ISO.'24HRS D1SP32 PGU
56 80308 30.41 246.80 PC" C OTHER PGT1
57 80855 38.8 14.40 PCH 4 Ho6 PGTU
b8 050900 30.91 14/.7E PC" C OTHLR PGt
59 051208 30.91 247 70 PC1 E OTHER PGTU
66 85260 32.21 248.3E PC" C OTHER PG.J
61 8052013 31.71 149.0 PC1 3 T3.S/3.5 /0.0,24HR DSP3/ RKSO
62 052023 32.81 248.90 PC11 4 DM2SP37 PGTU
63 052135 42.91 249.2E P611 3 2o086 PG.J
64 068029 I2.211 249.3E PC1 3 T4 0'4.0-/D0./24H0 D19P39 POU
65 868029 32.2H 149.4E PCH I T4.0/4.0- DISP39 282T OS ROD
66 080308 32.3H 149.6E PCH E OTHER PGTJ
6? 060933 32.71 1 50.60 PLA3 4 1OAA6 PGW
69 060980 32.911 20090 PC C OTHER PGTU
69 862288 33.211 252.5E PC. 0 OTHER PGT1
78 8 .60o 33.711152.6E PC11 C OTHER PGiU
21 061952 34.11 253.3E P68 4 02SP3? PGT

7 02 7800 34.91H 254.4E PC1 C OTHER PGTU
73 870980 36.61 155.20 P611 C OTHER PGTh

AIRCRAFT F21MS

P FIX H2r9 FIx FLT 76078 080 IlX-SFC-14D r1qX-FLT-LVL-HD 6CCRY EYE EYE ORIE - EYE TIlP (C) 193112110. (6 POSITION LVI. HGT I0 0/8 N1 0vLP1G/RGR HV/I'ET SHAPE DIA/TATIO1 OUT/ IN/ 1 P/SST O.

J 1 29030 23.91 248.6 150FT 1002 35 20 3 198 29 138 50 4 1 +21 '25 +25 2
- 232225 24.81 249.36 7dlB 3020 994 35 20 60 238 36 120 15 3 4 '16 +14 +10 2
3 381004 20.31 149 0S 7887l 2947 904 278 50 190 45 5 4 +11 11 +11 4
4 301904 25.4H 140.6F 78879 291 238 53 140 30 5 w 5
5 302137 25.3H 148.6E 788O9 2906 926 25 310 120 040 45 330 30 5 7 CIRCUL P 30 +10 5
6 310602 25.21H 248.0E 708 2858 40 200 60 300 60 200 15 5 3 6

2 7 31083 25.211 148.0E OOtlB 2856 972 65 280 15 360 67 280 15 5 5 CIRCL R 30 +14 +15 +12 6
8 322922 24.6H 147.3E .08B 2852 210 56 140 88 4 3 7
9 32149 24.61 146.8E ?038 2862 9721 50 340 30 070 60 360 30 5 3 +15 -1? +13 7
1 020648 24 21H 246.2E 72801 70 230 20 328 64 230 15 8 2 8
22 02098 24. 11 245.8E 7888 963 lo 268 60 350 66 260 30 8 3 +14 +19 -14 8
12 011910 23.11 244.90 7868 2853 288 508 200 60 0 2 9
13 02248 23.611 244.7E 780t8 2835 967 -_0 360 48 108 68 360 25 2 2 +16 +18 +12 9
14 02074? 24.08 144.5E 70011B 2817 90 :00 45 290 73 218 78 3 3 10
15 02091 24.211 244.6E 200B 2812 965 070 62 368 85 3 3 +15 +25 +11 to
26 021938 25.44H 144.40 2882M 2782 278 62 180 60 S 3 11

127 022150 25.3 144.2E 7802 2772 962 45 048 160 360 48 280 50 KI0 4 +11 +15 '25 22
28 030689 26.21 144.4 7887B 2765 40 150 130 278 62 190 25 8 3 2
19 8300 26.44 144.0E 700110 2772 963 55 328 20 048 S5 320 15 8 3 +14 +15 +14 12

| 20 031908 27.1 144.3E 188M 280 310 52 240 25 2 2 13
21 832238 27.6H 144.0E 70118 282e 969 58 30 10 028 51 310 188 2 7 +2S +12 13

1OTICE - THE 0 2ERISKS () 2111NDICATE FIXES UNREPRESE11TATIVE A10 NOT ISED FOR 0EST TRAK PURPOSE .

~'1

-t

:i 146

1w

-=- x.- - -- ,.. .jr - __-__i . > -=iit l-t] -"-7 ...... ::



-__-~~um -_ _ _ _

TYPHOON MARGE

BEST TRACK DATA

CEST TRACK WARHIIG 24 HOUR FORECAST 40 HOUR FOPECAST 72 HOUR FORECAST
ERORS ERPOPS ERRORS

trDA/hR POSIT UID POSIT U11122 DST W:,.0 POSIT UI2 D25 UI2 POSIT Ul28 DST U22, POSIT U122D DST WIND

007127 1.1.3 159.1 2U 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. "0. 0. 0.0 0.0 0. -0. 0.
080710 14.3 258.5 25 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0 0. 0.0 0.0 0. -0. 0. 0.0 0.0 R. -0. 0.

0'7 24.2 250.0 30 0.0 0.0 . -0. 0 0.0 0 0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0.
0000(7 24.2 257.5 35 24.5 257.2 35 25. 0. 24.7 2S'.0 45. 51 6 S 5 3 150 325 -55. .41 6 0.0 55 693 -5.

us0032 14.1 157.0 35 14.3 256.0 40. V?. 5. 1.1.2 254.4 50. 1.16. 0. 24.14 1519 50. .,Q. -60. 14.0 1439 S 5. 702. - 15.
0002a2 24.2 1b6.5 35 14.2 100.3 40. 12. S. 24.4 253.9 S0. 20$. -20. 2.7 252.b SO. 529. -CO. 24.9 149.2 S;. '37. -45.
0509218 1.16 16.1 43 14.2 155.0 40. 05. 0. 24.3 253.4 SO. 261. -20. 24.0 250.22 55. 519. -55. 5.0 2.28.0 Co. 94. -so.
000906Z 15.4 5.21 40 .1:7 *5. 315. 40. 5. 25.2 13.4 55. 295. -50. 15.4 150. 60. 6354. -So. 1.C 1227.0 7.1. 901. -25.
080912: 20.3 255.? 50 6. 2 1;. 45. 0. -5. 20.2 51.0 5S. 106. -55. 20.0 253.4 60. .112. -40. 21.8 151.0 71). 526. -25.
000917Z 1273 155.2 60 16 7 15bo6 45. 43. -It. 10.7 251.3 1,5. 244. -5b. 20.6 2!,2 6O. .43. -40. 22.3 151.2 70 542. -20.
002002 0.4 255.0 0 10.5 204.9 65. 0. -20. 22.8 154 2 05. 102. -25. 25.9 54 5 85. 1'59. -10. 20.2 2 .3 11. 172. -15.
0020068 29.r 205.0 225 29.9 250.0 0. 6. -55. 25.0 155.4 90. 21• -20. 20.6 17.2 00. 70 -15. 30.9 159.0 ;U. 101. -10.
0"2 O z 12 .3 55.k 110 21.3 15.0 20. 10. 0. 26.7 255.5 220. 20. 20. 30.1 157.6 05. 90. -10. j2.0 160.6 6. -03. -15.
FPO27 2. .7 IS5.2 11 22.7 155.3 110. 6. 0. 27.2 156.3 110. 32. 20. 30.6 10.7 00. 110. -241. 32.5 161.0 60. 232. -23.
02100: 2.2 25.4 220 24.0 255.0 220. 0. 10 20. :230.7 100. 40. b. 31.2 '54.0 70. 90. -15. 34.2 159.2 50. 98. -20.
0322I2Z 25.3 s. 6 10 25.4 255.6 220. 0. 0. 33.0 256.0 90. 206. -5. 33.5 157.0 65. 2.24. -15. 0.0 0.0 0. -0. P.
032223? 20.5 155.8 100 26. 155.7 100, 13. 0. 31, 15.3 00. 92. -15. 34.7 257.9W 0. 179. -20. 0.0 0.0 0. -0. 0.
D012202 7.5 235 .7 20 27.0 255.9 53. 23. -5. 32.9 156.? 5. 102. -25. 33.0 116.2 bb. 19. -20. 0.0 0.0 0. -0. 0.
0812u0? 20 3 255.0 95 20.7 256.2 95. 29. 5. 32.2 256.7 70. 72. -15. 5.3 150.5 50. 155. -20. 0.0 0.0 0 -0. 0.
0022062 20.9 155.9 95 29.0 135.J 95. 27. 0. 3,7 156.3 PS. 10. 5. 34.1 157.3 70. 1.:;S 5. 0.01 0.0 0. -0. 0.
0222±7 29.0 155.9 95 29.0 16.1 95. 10. 0. 32.7 200.6 75. 10. -5. 5.9 2.0.6 6C. 202. 0. 0.0 0.0 0, -0. 0.
01222 36.3 :6.0 90 30.6 25b.2 O0. 21. -10. 33.3 156.0 50. 74. -25. 6.7 239 r .5. .'i. -15. 0.0 0.0 0. -Ii. 0.
081300Z 32.0 150.1 05 02.2 255.9 50. 12. -5. 333.7 156.4 50. 116. -20. :6.2210.? 40. 306. -15. 0.U 0.0 0. -0. 0.
60136 - 32.4 2',.3 60 32.0 256.1 ?b. 26. -5. 34.7 156 9 50. 172. -1. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0.
0023122 31.9 16.6 00 32.1 256 3 70. 19. -10. 34.7 157.4 0. 1'3. -20. 0.0 0.0 0. -0. 0. 0.0 0.0 (3. -0. 0.
001310 32.3 157.2 5 33.7 156.7 C5 39. -10. 34.7 150.2 45. 215. -15. 0.0 9.0 0. -0. 0. 0.0 0.0 0. -0. 0
22430joz 32.7 IS0.4 70 32.A 157 q 65. 31. -5. 34.11 162.3 435. G7. -20. 0.0 9.6E 0. -0. 0. 0.0 0.0 0. -0. 0.

002406Z 22.9 529.6 65 32.9 2b9.3 65. .. 0. 34.2 165.2 .15. 10. -10. 0.0 0.3 0. -0. 0. 0.0 0.0 0. -0. P.
031412 33.1 200.9 CO 33.2 160.8 60. 0. 0. 34.2 160.7 4 . 60. -10. 0.0 0.0 0. -0. 0. 0.0 0.0 II. -n. 0.
0914202 13.3 162.2 60 33.4 16 2 55. 6. -5. 0.0 0.0 0. -0. 0. O. 0.0 0. -0. 0. 0.0 0.0 0. 0. 10.
0021500Z 33 5 1635 5 33.4 163.0 5, 26. -5. 8,.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0J. -0. 0.
081506Z 33.8 2(5.2 55 ''.7 264.3 ... 43 -5. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0.
0325z 34.4 267.5 50 o34.0 26.7 50. 46. 0. 0.22 O.0 0. -0. 0. 0. 0 0 30 -0. 0. 0.0 0.0 0. -0. 0.
0025202 35.2 270.0 45 .5.4 270 e 45. 0. 0. 0.o 0.0 0. -0. 0 0. 03. 00 .0 0.0 0. -0. '.

ALL FORECASTS T3HO11 22LE OVER 35 TS
tLRt2G 24-4R 20-HP 70-HR L.i325 34-HR 43-HR 72-126

HVG FPECAST POSIT EPROP 20. 1.1. 276. 500. 20. 124. 506.I AVG R IOIT AIGLC tRPOP 22. 50. 1A. 371. I2. 50. 219J. 371.
t2G IN93SITY I2GHITUDE ERROR 5. I. 27. 27. 5. 20. 27. 27.
0AVG INTENSITY PIAR -4. -14. -26. -27 0. -11. -2. -27.
2Uf0ER o FORECASTS 31 26 20 12 31 2G 20 12

5ITA, 05 TRNVELED STO7? I 1 19&0. 1l

AVERAGE SPEF OF STOkfn IS 10. KNOTS

TYPIIOOI MtRGE
FIX POSITIONS FOR C <LONE NO. 13

I i SATELLITE FIXES

FIX TIM FIX

HO. (Z) POSITION ACCRY DVORAK CODE SATELLITE COt-EHTS SITE

1 060033 2 I:61.6E PCN 6 8O00 PGTU

072200 24.21 250.RC PEO 0 OTHER PGT73 02350 14.02 157 9E PC4 5 TO.5/0,S 0tP39 WHIT 00 PGTu

4 60929 13.08 IS7.OE PCN 6 ROAE PGTLI
5 081600 13.08 156.4E PEN 0 OTHER PGTU
6 002702 13.70 20.30 PEN 6 TIROSH PGTJ

f08200 23.09 256.2E PEN 0 OTHER PGTU
0 082209 13.08 156.IE Pll 5 RARS PG3T2
9 082330 13.99 156.0E PL 6 T2.5/2.5 /02.0/24HR5 0P39 PGTU
10 098300 14.6 200.0E PEH 0 OTHER PGTJ
11 090907 IG.I 155.9E PCH 6 HOA P0322
12 091600 16.7 155.3E PC 0 OTHER PGTUS13 0921417 18. IN 15-..E PC" S T3.513.5 I/I01122"1R$ N0.".16 PGnl1
14 1U0M1 19.3" 1,553E PCP E OTHER PGr02

N5 0945 20.9h !54.'JE PCH 2 tOA80 PGTU
16 101600 22.4H 156.2 PEN E OTHER P0TU

20 IC2100 23.4N 155.4E PEN E OTHER PGTU
19 102124 23.32 ISS.4E PCH I TS.5/5.5 /D2.0'24HR5 HOAA6 PGT
20 110022 25.9 155.6E PEH 2 8006 PAW2
21 110900 26. IN1 255.9E PCI, E OTHER PGTU
22 11600 27.4H 256.0E PEN 0 OTHER PGT
23 11947 27.RN 155.90 PEH 4 TS.S'S.S-/S.0/22HR5 015P37 POW22
24 112100 20.00t 156.2E Pl C OTRER PGJ
25 112102 27.081 156.0E PEN 3 hOAq6 PGTU

120511 20.02' 155.0E PC I TIROS9 PGJ
27 120900 29.59 250.IE PC E OTHER PGTU
28 120941 29.59 IS6.0E PEH I HOAA6 PGT
29 '220 29.88 236.0E PCH C OTHER PGTU
20 121000 39.4" 156.IE PEN C OTHER PGT
321 21926 30.5 2b5.7E PC 3 T4."#S.5$-'U.0/24HR5 D1SP39 PGTI
32 12,100 30.00 256.0E PCth C OTHEP PGTU
33 122221 30.02 156,.0E PEN 3 8ORA6 PGU
34 230000 21.0 1 26.20 PE C OTHER PGTU

35 :30300 32.28 256.2E PEH C 3TER PGTU
36 130919 21.7H 1.56.4E Pl 3 H0AA PGTU
37 131600 32.4 4 250.7E PCIH 0 OTHER P^9T2
30 132200 32.78 13O.OE PEN 0 OTHER PGTj
39 2S'150 32.58 157.7C PEN 3 T3.S/4.5-/.026HR5 00006 PNTts
,40 240440 32.98 159.2E PEN 3 TIROSH PG03J

'1 - 147
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41 140057 33.114 160. IE PCH 3 HOAA6 PGTl
42 141600 33.3N 63.76 PC4 0 OTHER PGTU3
43 142100 33.3" 162.2E PC3 0 OTHER PGIU
44 150300 33.0H 163.6E PCH 0 T3.5'3.5-,SO.C/29HR OTHER F-TU
45 150600 34.04 364.4E PCH 0 OTHER PGTU
46 150834 33.9H Ib,8E PCH 6 HA6 PGTU
47 t51600 35.2H 169.9E PCA 0 OTHER PGTIu

AIRCRAFT FIMS

FIX TIM FIX FLT ?0011 OB mAX-CFC-WD FlAX-FLT-LvW- iD ACCRY EYE EYE ORIEH- EYE EIP (C) t54
NO. (Z) POSITION L. HGT r5LP VEL,VRG/RHG OIR/VEL/BRGRHG HAV/PET SHAPE D3A'TATIOH OJT/ 3h DP, SST HO.

000533 14.3H 157.6E ISROFT 998 35 040 50 390 45 070 40 5 I -26 28 3
2 090035 14.34 156.2E 700B 3025 992 35 250 24 36a 24 250 24 7 3 CIRCULAR 22 *10 .15 +12 2
3 090615 15.5H 156.IE 700B 3015 40 030 15 320 35 230 15 6 4 3
4 090834 MO.N 156,0E 7O011B 3019 990 40 100 98 160 57 090 15 5 2 CIRCULAR IS -11 -15 +11 3
5 091902 17.5H 154.9E 70MID 2869 270 64 226 45 10 3 4

6 092215 i ,2H 155 1E ?COMB 2841 120 77 3GO 25 5 2 CIRCULAR 20 + 9 +10 +13 4
1 100642 20:,1" 115,16 700"D 2666 106 188 5 3eO 80 100 10 5 1 b

S00.35 ?0?H I55b :.E 70M 2624 944 120 00 10 150 114 010 15 S I CIRCULAR 15 +12 .23 + 8 ,5
9 110437 MI.N 155.6E 00 2637 946 11 90 5 9 1el 250 10 5 1 CIRCULAR 3 2 +6 +17 +35

NOTICE - THE ASTERISKS () IHDICATE FIXES UHREPRESEHTATIVE AHD HOT USED FOR BEST TRACK PURPOSES.
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TROPICAL DEPRESSION 14
BEST TRACK DATA

BEST TRACK WARNING 24 HOUR FORECAST 48 HOUR FORECAST 72 HOUR FORECAST

ERRORS ERRORS ERRORS
M11,DAR POSIT UID POSIT UIH DST UI1P POSIT UIHD DST UIIKD POSIT UINO DST UIID POSIT %INo DST UINI
881418Z 14.6 125.3 28 0.0 8.0 0. -0. 8. 0.0 0.0 8. -0. o. 8.8 8.8 8. -0. B. 0.0 0.0 0. -0. 0.
081580Z 15.3 123.4 28 IS.5 1:)3.9 38. 26. 10. 0.0 0.0 B. -A. 8. 8.8 8.8 8. -B. 0. B.C 0.0 0. -0. 8.
881506z 16.0 121.6 15 !6.5 125.5 30. 226. 15. 0.0 8.0 8. -0. 8. 8.8 8.8 e. -0. 0. 8.0 8.0 6. -0. B.

ALL FORECASTS TYPHOONS LWILE OVER 35 rTS
LRNG 24-HR 40-HR 72-HR LIRKG 24-HR 48-HR 72-HR

AVG FORECAST POSIT ERROR 126. 8. 8. 0. 8. 0. 0. 8.
AVG RIGHT ANGLE ERROR 6?. 8. 0. 0. B. 8. B. 8.
AVG INTENSITY MGNITUDE ERROR 13. 8. 0. 0. e. 0. . 0.
AVG INTENSITY BIAS 13. 0. B. 0. B. B. 0. 0.
HUIBEP OF FORECASTS 2 B B 8 8 0 8 0

DISTANCE TRAVELED BY STORM IS 229. Ni

AVERAGE SPEED OF STORM IS 19. KNOTS

TROPICAL DEPRESSION TD-:4

FIX POSITIONS FOR CYCLONE NO. 14

SATELLITE FIXES

FIX TIME FIX
NO. (Z) POSITION ACCRY DORAK CODE SATELLITE COMENTS SITE

1 1 122221 O.IH 137.5E PC 5 TC.6.'.8 HOAA6 INIT OOS PGTU

2 141688 13.8H 126.8E PC 0 OTHER PGTLI

3 141808 14.4N 125.4E PC:I 0 OTHER OSD ON UL FLOCJ PGTU
4 1,42108 14.9H 124.4E PCA 0 OTHER PSA BSD ON CONTIHUITY PGRTU
5 142206 IS.4H 124.3E PC 5 DISP3? PSH BSD ON UO FEATURES PGTU

I 6 142317 15.9H 123.Z PCe 5 T2.2.8 HOAA6 IKIT OBS PGTJ

7 158388 IE.OH 122.7E PC 0 OTHER PRTTU
* 8 150980 16.8H II.6E PCH 0 OTHER PGTU

9 151157 16.6H 121.9E PCH 5 HOARS ROH
18 151680 11.3H 128.RE PC 0 OTHER CONTINUITY FROM KACHA PGTIJ

II 151984 17.6H 120.9E PCH 6 TIROSH POOR LONGITUDINAL PSA RPK

12 151984 17.6" 120.E PC S TIPOSH LLCC PSH AT IS.IH 128.7E PGr.j

13 15210a 18.6H 119.4E PCH 0 OTHER PSN USA ON L..CC AND COATINUITY PGT)I 14 152108 14.6H 126.1E PC 0 OTCR PSH OSA ON LLCC PGTJ
15 100800 IA.OH 118.4E PCH 0 OTHER PS) OSD ON CONTINUITY PGTU

16 168336 19.7, 120.2E PCA 5 TI.S/I.S *4A6 INIT OBS RODN
I? 160300 19.9H 119.IE PCH 0 OT-ER PGT)
18 168749 2M.IN 116.2E PCN S TI.8/I.B TIROSH INIT OS RPM

19 168900 19.6K II7.OE PCH 0 OTHER PGTU

AIRCRAFT FIXES

FIX TIME FIX FLT ?O)B OBS nX-SFC-UND IICX-FLT-LVL-UHD ACCRY EY EYE BRIEN- EYE TEIP (C) PiCA
NO. Q2) POSITION LVI. HGT HELP VEL/8RGRI1 AIR/VELBRG'RHG NA/ET SHARPE DIAIVTATION OUT' IN/ DP/SST HO.

I 150442 18.2H 12?.IE ISOOFT 1884 20 248 4a 298 19 248 48 8 5 +24 +25 +24 27 2

If NOTICE - THE ASTERISKS C') INDICATE FIXES UNREPRESENTATIVE FND OT USED FOR BEST TRACK PURPOSES.
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TYPHOON NORRIS

BEST TRACK DATA

- I
7 BEST TRACK k)RHI0H 24 H0UR FORECAr'T 40 1ObR FORECAST 72 HOUR FORECAST

ERRORS E21PORS PPOPS
r),DPAP POSIT UItD POSIT WIND DST UI22 POSIT W0IND DST 20221 00420 U12D OTT WIND5 POSIT U!ND DST UIt1
0823802 15.2 143.6 20 0.0 0.0 0. -0. 0. 0 0 0.0 0. -0. P'. 0. A 0.( 0. -0. 0. 0.0 0.0 0. -0. 0.
0023063 15.8 142.2 20 0.0 0.0 0. -0. 0. 0.0 0.0 0. A. 0. 0.0 0.0 0. -0. 0. 0.0 ).0 0. -0. 0.
C323:2 26.: 240.7 20 00 0.0 0. -0. 0. 0.0 0.0 . -3. 0. 0.0 0.0 0. -4. 0. 0.' 0.0 0. -0. 0.
002328? 26.4 239.4 25 0.0 0.0 o. -0. 0. 0.0 0.0 0. -0. 0. k.0 0.0 0. -'3. U. 0.0 0.0 0. -0. 0.

A 082400 126.8 238.3 30 16.8 130.3 30. 0. 0. 10.3 133 5 .-1. 7, . 5. 29.7 220.6 50. .2. 0. 21.0 124.5 60. 01. -20.
082406? 17.2 237.4 20 27.1 137.2 30. 13. 0. 12.7 132.2 .15. 74. 10. 20.!7 127.9 58. .11. 0. 22.9 124.1 65. 37. -20'.
08212 27.5 2.0 30 17.2 224 9 30. r9. 0. 20.3 133.0 ,15. 70. S. 19.0 12.2 55. 117. -5. 22.0 125.7 65. 21. -28.
082420? 17.9 235.7 30 0.1 1235.3 30. 26. 0. 20.1 132.G 45. 303. 0. 22.4 120.2 55. Ill. -15. 2b.3 125.3 6:2. 217. b.

032500, 28.2 234.8 35 19.1 134.0 30. b4. -5. 22.0 131.0 45. 155. -5. 24.2 !27.9 60. 177. -2C. 26.0 124.6 A5. 226. 20.
082506 I.? 1335 35 18.8 123.5 35. G. 0. 20.2 229.2 50. 45. -5. 24.8 12.3 09. 109. -25. 26.3 123.1 65. 169. 20.
082512 19.3 132.1 40 1 .2 132.3 40. 13. 0. 20.6 120.3 50. 77. -10. 23.3 12.0 0. 134. -39. 26.5 122.9 65. 226. 30.
082528Z 19.8 131.0 45 19.7 231.0 40. G. -5. 2:.9 226.2 55. '1. -15, 25. 123.*, 65. 131. 5. 29.4 A22.Z 65. 303. i.
0826002 20.2 229.8 50 12.9 29 6 45. 21. -5. 22.4 124.0 65. 422. -15 28.8 122.5 70 99. 15. 29.0 ,.>,5 60. 434. ,1"
002606Z 20 7 28.6 55 20.9 123 5 55 0. 0 23.2 224.2 33. 24. 0. 26.8 22.3 5. 23/. 38. 0.0 0.0 U. -0. 0.
082622? 22.0 227.3 60 23.2 227.3 60. i8 0. 21.0 22.2 830. 20. -2, 27.7 22.6 70.2"9. 38 0.0 0.5 3. -0. 0.
es 618Z 22,3 !26,2 70 22.3 126. 65. 6. -5. 26.3 123.0 G'. 138. 25. 21.0 124.0 70. 424. 50. 0.0 0.0 0. -g. 0.
0827a0z 23.1 124:9 0023.4 1:5.e' 75. 19-. 73.O 123.3 15: 220, 30. 31.S 126,5 20. 51,1. 55. 3,O 0.0 n. -0. n.

223. 91 . . . 3 0 220 30 32. 226.: 70. 02 0. 0.0 81 .0 -0
082706? 23.0 2249 85 23.3 23.7 P5 22. 0. 22.0 2.9 00. 207. ,!0, 00 0.0 0. -0. 0. 0.0 0.0 0. -0. 0.
002712Z 24.3 122.8 90 24.6 !?3.0 05. 21. -5. 20.2 122.2 05. 220. !0. 0.0 0.0 0. -0. 0. 0.0 4.0 0. -0. 0.
0027187 24.5 121.4 60 24.8 222.0 30. 37. 20. 28.2 120.4 60. 100. 40. 0.0 0.21 0. -0. 0. 0.0 0.0 0. -0. 0.
082800? 20.0 220.9 55 25.5 120.3 55. 44. 0. 20.6 119.5 30. 164. IS. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0.
082806Z 25.8 220 0 40 25.7 1O.' 50. 27. 20. 8.0 0.0 o -0. o. .0 O.0 o -0. 0. 0.0 0.0 0. -0. 0.
082812? 26.1 18.2 35 2.8 118.8 ,20. 42. 3. 0.0 0.0 0. -0. 0. 8.0 0.0 0. -0. 0, 0.0 0.0 0. -0. 0
082810 26. 6117.4 20 27.4 127.0 30, 52. 20. 0.0 0.0 0. -0. 0. 0.0 0.0 0: -0 0. 00 0.0 0. -0. U.
082080Z 27.6 122. 610 0 .0 0 0 - 0.0 0. -0 . 0.0 0.0 0 -0. 0.

ALL FORECASTS TYPP'03S WILE OVER 35 K5
9U2G 24-HR 48-HR 7-HP .RHG 24-HR 43-HR 72-HR

HVG FORECAST POSIT 0RROR 26. 103. 183. 212. 22. 93. 126. 200.
AVG RIGHT ANGLE ERROR 29. ,"8. 134. 144. ,. 69. 04. 102.
AVG IT0HS2TY YGONITUDE ERROR 4. 16. 22. 24. I.S10. 16. 29.
AVG I0T00ITY 8I8 2. 9. 7. 10. 0. 7. -1. 0.
20I.88ER OF FORECASTS 20 17 23 9 25 20 11 7

DISTANCE TRAVELED BY STOR IS 1710. HM

I AVERAGE SPEED OF 10R IS 12. KNOTS

TYPHOO! NORRIS
FIX POSITIONS FER CYCLONE NO. 15

SATELLITE FIXES

FIX TIME FIX
NO. 2Z) P0S ITI)N PCRY DVORAK CODE SATELLITE COMMETS SIIE

1 222200 25.6H 144.4E PEN 5 TO.O/0.0 H006 INIT OBS PG0V
'2 238388 20.4H 143.21C PN 0 OTHER PGTU
= , 2 230900 16IN 141.2E PEN 0 OTHER PGTU

4 232839 2.5N 948.9E RON 5 NOAA6 PGTU
5 2320,8 !6.00 '40.9E PEN 0 OTHER PGTU
6 232108 16.5N 139.2E RON 0 OTHER P01U2
7 232328 1.70 238.5E PC 5 TI.0/.0 /D2.0/25HR5 0G006 P0T',
8 240300 26.ON 238.20 PC 0 OTHER POWU
9 240b7 17.11 137.7E PCH 0 TIROSH PGTU

18 2409080 7.3H 137.6E PEt 0 OTHER P0Tu
11 241017 I7.N 1237.00 PN 5 HOAR6 PGTU
2 2 242902 18.3H 135.7E PEN 5 TIROSH POW2

23 241982 20.90 135.90 PEN 5 TIROSH RPK
14 242200 18.4N 135.3F Pm 0 OTHER PGOW
15 242257 18.3H 135.I PEN 5 T2.00.5 /DI.S0400S N006 PGTU
17 250608 19.00 233.5 PEN 3 TIROSH PGTU27 2506 80 I90N 233.50 RON 5 3,/. TIROON IP0112S O

18 250900 19.2N 132.90 PEN 0 OTHER PGTU
19 20955 19.20 132.80 PEN 5 00086 PGTU
20 251600 29.0H 131.20 PCH 0 014ER PGTU
21 202108 20.I 130.20 PEN 0 OTHER PGTU
22 252124 196H 130.2E PEN 6 T4.0/4.0 2MS37 IHIT 088 RPMt
23 252134 19.9H 130.00 PCH 6 DrSP37 POWU
24 252234 19. 138.0 RON 5 33.53.5 /2.0/240S 00006 P0TU
25 2C0810 28.20 129.70 PN 0 OTHER PGTU
26 260S04 20.4N 128.SE PEN 3 TIROSH PGTU/
27 20004 20.00 2 18.80 PEN 5 34.614.0 /Di2.804008 320000 INIT 080 0050
28 260988 20.7N 20.E PEN 0 OTHER PGTU
29 261114 22.I 127.6E PEN 5 AN 6 PGTU
38 2611 21.09 128.00 PEN 6 00006 RPM8
31 26224 21.3N 127.90 PEN 5 HO6 RODH
32 262100 23.00 125.70 PCN 0 OTHER PGTU
33 262353 23.2N 12.0E PEN I T4.5/4.5 /2.O0S0S 0OAA6 PGTU
34 270724 23.5H 123.6E P-H I T4.0/4.0 lIROSH IHIT 08S RKSO

35 270080 24.80 123.3E PEN C OTHER PGTU
30 272002 24.30 123.IE PEN 2 OA6 PGTI
3; 271288 24.H Z2.9 PEN 0 OTHER POW2

38 272608 24.8H 122.00 PN 0 OTHER POu
39 272201 24.4H 120.7E PEN2 3 TIROS RKSO
48 2220 24.30 12.00 PEN 3 TIR8 ROH
41 272339 24.90 121.O P02 3 T3.8/3.5 /.4.024*RS 006 PGTU
42 288308 25.60 128.5 PCH 0 OTHER PG112
43 280723 25,. 120.OE PC 3 T3.5/3.S- TIRO H I2IT 085 RPnK
44 200723 24.,70 25.0 PCH 5 T3.0/3.0- TIRO4 I2IT 088 R0H
45 28008 26.I 118.4 PEN 0 OTHER PGT,
46 281029 25.4H 117.9E PEN 5 HO06 FIX 8SD ON UL FEATURES PGTU
47 282200 26 N 27.2F PC 0 OTHER PGT

48 281600 26.70 226.00 PEN 0 OTHER PGTu
49 20218 26.4H 115.80 PE 0 OTHER PGTU
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AIRCRAFT FIXES

FIX TIME FIX FLT 700t10 08$ /AX-SFC-UHD t8XoFLT-LV.LHD ACCR EYE EYE ORIEII- EYE TEllP (C) t01HNo.I (Z) POS|ITIOM LVL HGT t16LP VELkG/RHG DIRIVE.LBRGIRMIG HAV, MlT SHAPE DIAWlTATION BUT.
/ 

I114/ IP/SST NO.

I 24010 16.9" 130.1E ISOO T 1085 35 030 10 PO 25 030 15 6 5 +25 +26 426 28 1

224121$ 17.811 136.4E 7081 3131 130 38 130 60 2 3 2
3 241528 18.3h, 135.80 701 3115 1002 270 25 210 120 5 5 .12 +12 + 8 2
4 250008 18.2h 134.7E 7088 3064 35 360 30 230 18 050 20 5 5 3
5 25030? 18.6N 133.9E 7801B 3034 35 350 23 240 34 160 15 0 10 11 +13 +12 3
6 260424 20.6H 120.9E 70MB 2962 903 35 248 3b 290 42 248 35 5 5 :11 *16 +12 6
7 261228 21.6N 127.IE 768018 2898 220 70 140 40 2 4 7
P 261445 21 8N 126.0 OM8 2873 973 050 55 38 50 2 3 .12 +17 .10 7

9 262031 22 60 125.6E 7008 2796
10 26210 2?,9. 125.50 700:19 2790 962 330 42 240 17 4 3 413 +18 1 92
1 3 2780008 23. IN 124.9 E0 ( b 2764 55 310 4S 030 72 310 20 4 279

12 270150 23.4 124.2 700B 2714 954 65 010 3; 140 94 070 30 4 3 +16 18 15 8

-- RADAR F IXES

FIX TIMlE FIX EYE[Y RAD0B-CO, RADAR SITE

o. (Z) POSITION RADAR ACCPY SHAPE la19 A1R TD.FF C8ENT5 POSITION . NO.

6 262100 22.31 12 . E LAND 55/ 53 3 1 4 24.3 0 124.2E 47918
7 26200 27.h 124.50 LAND 22913 53114 24.8 125.30 47927
3 27030 23.1H 124.9 LAND 551,4 73118 24.31 124.20 479104 27010a 23.3N 14.7E TAN D 55-/4 73116 24.3N 124.2E

p  
47918

5 270100 23.0t 124.6 LAND 51913 24.80 125.30 47927I 6 270200 23.31 124.5E LA4 50913 7314 24.30 124.20 47916
I 270200 23.4H 124.5 LAND 11914 52816 24.8H 125.3E 47927

12 2703 8 23 3 1 .2E LAND 5 513 72914 24.3H 124.2E 47918
3 270300 23.4N 123.80 LAND 11813 52714 24.80 125.3E 47927
10 270430 23.51 123.80 LAND 5"" 72912 24.3 124.26E 47918
11 27040 23.60 123.9E LAND 21914 52816 24.84 125.36 47927
12 270500 23.51N 123.96 LAND 55/3 72911 24.30 124.2C 47918
13 270500 23.50 123.bE LAND 21843 52611 24.8N 125.3E 47927"
14 2700500 23.68 123.6E LAND 5//// /214 248H 121.6 46699
1 5 270500 23.5f ,; tLlD 5//// /261? RCKK

16 270600 23.60 123.50 LAND 5""'/3106 24.0N 121.6E 46699
17 270700 23.601 123.6 LAND 10012 52907 24.0H 121.6 46699
12 270900 23.6o 123.6 LAND 55,'3 7300

,  
24.30 124.2E 47918

29 270980 23.00 123.bE LAND 11 53114 24.0N 125.3t 47927
25 27000 23.6 123.6 LAND 12814 53205 24.811 125.3 47929
21 2710C0 23.80 123.5 LAND 5""- /3586 24.00 121.6C 46699
22 270800 23.64 123.3E LAND 50913 72908 24.3H 124.20 47919
23 27090P 23.90 123.4 LAND 50913 73210 24.31 124.2E 479M7
29 270900 23.8H 123.4E LAND 11973 53114 24.01 125.3 47927
25 27100f 23.91 123.3E LAND 5/ 9 3506 24.80 125.6 46699
26 271,100 23.04 123.4 LAND 51//1 1351 24.0t 121.60 46699
27 271000 23.901 123.3 LAND 50912 73207 24.31 124.20 47919
2 27100 23.94 123.3 LAND 10622 5331 24.814 125.30 47927
2 271308 24.41N 123.2 LAND 1012 73312 24.34 124.20 47910
36 271400 24 I 122.1 LAND 1283 321 24.90 125.3 498

31 27100 24.60 123.0 0 LAND 5/ , 3113 24.0,4 121.62 4669132 271200 24 2H1 122.8E LAND '1932 53019 24.8H 125.3E 47927
33 VIM20 24 -3N 122.9 LAND 45//2 73214 24.311 124.2E 47910

34 271500 24.3H 122.80 LAND 2142 52916 24.30 125.3 4792735 27 300 24.4Na 122.5E LAND 45,/3 ;i30|0 24.3H 124.2E 47918
36 271a00 2-.5N 122.4E LAND 55//3 73016 Z4.314 124.2E 4?918
37 2?1500 24.H 1 22.0£ LAND 5//3 M16 2.4.3Ni 124.2E 47918
38 271500 24.5; 122.0E LAND 7113 52919 24.311 124.2E 47918

39 271600 24.5N 121.80 LAND 55"13 72014 24.31; 124.2E 47918
40 271700 24.50 121.5E LAND 65"2 72718 24.34 124.2E 47918
41 271880 24.5 121.30 LAND 65//' 72612 24.30 324.- 47818

4 1 NOTICE - T hE ASTERISKS 1 NDICATE FIXES UNREPRESEOTA3IVE AND HOT USED FOR BEST TRACK PURPOSES.
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TROPICAL DEPRESSION 16

BEST TRACK DATA

BEST TRACK LIRIIIHG 24 HOUR FORECASI 48 HOUR FO'CAST ,2 HOU1R -ORCICST
ERPOPS ERRORS ".VPORS

0921971 4.9 250.0 i5 6.0 0.0 0. -0. 0. e.0 0.0 0. -0. 0. 0.0 OJ.f 0. -0. 0. 0.0 0.0 .) -0. 0.
090200Z 5.5 150. I Is e.4 - 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. U. 0 0.0 1. -0.
0902017 6.2 I.9.8 15 0.0 0.0 0. -0 0 0.0 0.0 0. -0. 0. 01 0.0 0. -0. (0 0.8 0.0 4. 0. .
0902127 8.9 149.1 1 0.0 4.0 0. -0. 0. 0.0 0.0 0. -0. B 0.0 0. -0. -0. 0 0.0 1 . ". 0.
090207 7.5 I t0.5 20 3.0 1 .0 0 -0. 0. 0.0 0o.0 0a. -01. 0. 0.0 0.0 B. -0. 0. 0.0 a .0 1. C . .
090300 a 7.8 1.1.0 20 0.0 0.01 0. -0. 0. 0.0 0.0 0. -0. 0. 0.1- 0.0 0. -0. 0. 0.0 0.0 .-. 0

09-3067 7.9 147.5 20 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 U.0 0. *u. 0. 0.1 0 0 . -0. 0.
09 03127 8.2 147.2 20 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0 0... 0.0 I. -0. 0.
003210 0.4 1137.1 20 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. D.0 0.o 0. -0. u. 0.0 -. 0 I. . .
0 ;90400Z 0.9 146.9 25 0.0 0.0 1 . -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 6. -0. 0. .0 Lt.0 0 . 0.
090406Z 9.4 140.5 25 9.2 1'6.5 25. 12. 0. 10.4 14,1.7 50. 241. 35. 0.0 0.0 0. -1. 0. 0.0 0.0 -1.. I.
090412Z 9.6 245.5 2 9.5 240.2 30. 42. 5. 0.0 0.0 . -0 . 0. 0.0 0.0 0. -0. 0. c.0 I.. 3. -0. ..
090418Z 10.3 244.0 5 1.0 143.9 30. 90. 5. 0.0 G.0 0. -0. . 0.0 0.0 0. -0 . 0O. 0 . . . -0 . 0.
0905830z 11.6 142.0 2 0. 1. 32 30. 64. 10. 0.0 0.0 0. -o. 0. 0.0 0.0 0. -0. 0. 0.0 0.') ). -0. :.
090506z 13.6 42.2 IS 11.2 141.9 40. 144. 25. 0. 0.0 0. -0. 0. 0.0 .O 0. -0. 0.0 0.0 0. 0.

ALL FORECASTS TYPHOO145 WHILE OVER 35 .9S
LOIAG 2.1-HR 48-HR 72-HR LANG 24-HR 4"3-HR 7.-HP

(VG FORLCAST POSIT ERROR 70. 241. 0. 0. 0. 0. 0. 0.
AVG RIGHT AINCLE ERROR 20. 20. 0. 0. 0. 0. 0. 0.
AV9G I!IL-tITY 1 11GHITUD ERROR 7. 35. a. 0. 0. 0. 0. 0.IAV INEl1MRlIY 0IS 7. 35. 0. 0. 0. 0. 0. 0.

D IISTAHCE TRAVELED BY STORM IS 776. HZ

AVERAGE SPEED OF STORM iS 9. EHlTS

TROPICAL DEPRESSIOI TD-I6
FIX POSITIONS FOR CYCLONE HO. 16

SATELLITE FIXES

FIX TIM FIX
NO. ,Z) POSITION ACCRY DVORAK CODE SATELLITE COMIETS SITE'I

1 012139 5.3H 158.3E PCH 5 T0.5/0.5 11000 2BA IT OBS PGTU
2 020300 5.8H 140.6£ PCH 0 OTHER PGTU
3 02110 6.4H 149.40 PCH 5 H116 PGTU
4 022e25 7.OH 148.E P01 5 DtlSP3? PGTU
5 22216 7.9H 148.5E PCH TI.5/1.5 DI.0/24HRS H1A6 PGT2

0 030000 7.9H 147.5E PE1 0 OTHER PGTU
7 030 04 8.0H 147.0£ REM 5 TIROSH PGTU
0 030956 0.00 147.3£ PCN 5 11006 PGT
9 32235 0.00 4.0eE PC0 5 T2.0/2.0 /D D./24HRS 110006 UI. 16.2H 145.0E PG1J

20 430 9.5H 147.3E PEN 0 OTHER PG812
II 080 9.6H 146.6E PCH 0 OTHER PG811
12 040534 9.5 146.5E P00 5 HOenAG PGlU

.13 0412a .6H ' 1E PC1 0 OTHER PG1U
14 04137 20.323 144.3E P011 6 TIROSM PGT
IS 042137 10.2M 144.6C PEN 6 TIROSH RPtl
16 042108 20.3H 143.6E PCH 0 OTHER P821
27 0 42213 10.2 143.6E P01 5 T2.9/2.5 D.5/24MRS 1O06 PGTU
0 090911 I;.20 242.6E PEN 5 00006 P:TJ
19 032600 14.20 142.7E PEN 0 OTHER PGTU

AIRCRAFT FIXES

FIX TI28 FIX FLT 708il 00S MIX-SFC-INOD lMIX-FLT-LVL-UiD 0CCRY EYE EYE ORIEH- EYE TEWlP (C) [lm1

No. (Q) POSITION LVI. Gr 'SLP VEL.,SR/RH DIREL/BRG4RG AV'"ET SHAPE DIAI'TATIOt OUT," 20/ I DPSST 00.

I 043155 0.9H 146.8 2500FT 102 25 030 30 330 25 308 58 5 20 +22 -22 .22 29 32 04245210l.eH1 244.2£70079OM 3122 20201 OSO 270 (30 00 5 IS 20 .20 +20 4

3 050844 22.2IN 142.5E 70M 3009 1001 25 330 235 048 18 338 135 5 5 .12 +10 5

NOTICE - ASTERISKS Me) I IC0TE FIXES UREPRESENTATIVE A1D NOT USED FOR BEST TRACK PURPOSES.
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TYPHOON ORCHID

BEST TRACK DATA

BEST TRP WRIN1G 24 HOUR FORECAST 48 WD30 FORC0ST 72 HOUR 801E6097ERRORS ERRORS E'PPGRS

O'A0HRP T POSIT O32228 POSIT WIND DST [IND POSIT WIND DST UI D POSIT W2IND l'.T WIND POSIT UIHD [ST UIH
0906007 14.7 245.2 25 0.0 0.0 0. -0. 0 0.000.0C . 0.0 0 0 8..
090606- 15.2 145.1 30 .0 0.0 o. -0. 0. 0.0 0.0 0. -c. 0. 8.0 0.0 0. -u. 6. 0.0 o.0 0. -0. 0.
090612 16.1 144.0 35 0.0 0.0 0. -0. 0. 0.0 V e 0. -0. o 0.0 0.0 0. -u. 0. 0.0 0.0 0. -0. 1.
0906287 17.1 143.9 40 0.0 0.0 0. -0. 0. 0.0 0.0 Z. -0. 0. ' 0 O.X 0. -0. 0. 0.0 9.0 0. -0. 0.
0907007 18.0 142.8 45 18.0 142.0 40. 0. -5. 21.2 139.5 65. CU. S. 23.0 *..3 75. 77. 10. 26.9 133.7 00.- 172. 5.
0907067 10.7 141.9 50 19.4 1-2.0 45. 42. -S. 23.2 138.1 70. 147. 20. '-.0 136..; "0. 260. 10. 29.3 135.5 75. 229. -5.
9 07127 :9.2 .4.0 55 29.8 :40.7 55. 30. 0. 23.5 136.7 00. 114. 20. 26.7 8 5. 241. 10. 29.6 134.0 75. 231. -5.
090727 19.7 139.7 5s 29.4 13:6. 55. 64. 0. 22.3 134. 0. o 6. 20. 25.9 132.8 61. 79. '0. 20.8 133.0 75. 174. -10.
090800 20.2 138.6 £0 19.9 137.0 55. 92. -5. 22.7 232.' 75. 94. 10. 26.3 131.3 G5. 7. 10. '9.6 132.0 75. 122. 111.
090805 26.8 137.5 60 20.7 237.5 60. 6. 0. 22.0 234.2 70. 07. 0. 36.1 :22.2 oo. 219. 0. 292 132.5 75. 308. 20.
0908122 21.6 iZ6.5 50 21.2 136.6 60 25. 0. 23.8 133.5 00. 00. 5. 26.2 12.0 05. 112. 5. 29.5 13.." 75. 470. 35.
0908:07 22.2 135.5 60 22.4 125.3 60. 16. 0. Z5.5 02.5 05. 52. 10. 20.0 132.9 09. 1-;0. -5. 32.1 131.4 i. 17. 40.
09 90Z 22.0 534.4 65 22.9 134.6 60. 13. -5. 26.2 132.7 00. 07. 5. 29.7 !32.7 05. 117. -0. 0.0 0.0 0. -0 .
090906. 23.5 133.1 70 23.4 :33.6 65. 20. -5. 26.7 231.2 75. 57. -5. 20.9 :32.z 7(. 305. 15. 0.0 0.0 0. -0.
090912," 23.2 132.2 75 24.2 132.9 65. 71. -20. 20.6 :29.9 75. 71. -5. 32.5 :2.0 20. 207. 30. 0.0 0.0 0. -0. 0.
0908910 25.5 131.4 75 24.9 131.5 70. 36. -5. 29.2 129.7 75. 76. -10. .4.7 131.0 55. 330. 25. 0.0 0.u 0. -0. 0.
09100OZ 25.0 213.3 75 25.4 1:0.0 70. 74. -5. 29.7 127.9 75. iDS. 10. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0.
091006Z 27.5 130.6 0 27.2 131.? 75. 37. -5. j4.2 132.6 65. 50. 10. 6.0 0.0 U. -0. 0. 0.0 0.0 0. -0. 0.L 091012 27.8 10.9 60 202. 123.7 7S. fl. -5. 35.0 :33.0 50. 112. I0. 0.0 0.0 0. -0. 0. 0.0 0.1 0. -0. C.
0 091019 3Z.4 130.2 05 30.0 :30.5 0. 28. -5. 2? 8 136.2 50. 199. 20. 0.0 o.o v. -0. o. 0.0 0.0 0. -e. 0.
09:2007 31.4 130.9 65 31.2 120.3 60. 33. -5. 0.0 6.6 0. -0. 0. 0.a 0.0 0. -0. 0. 0.0 .1U 0. 0 0.
09116 34.3 131.6 5 34.2 13.6 5. 26. -5. 8.0 0.0 0. -0. C. 0.0 0.0 0. -0. 0. .0 0.0 F. -C. 0-

F 0912 7 34.3 132.4 40 34.3 132.6 so. 14 5. 00 0.0 0. -e, 0. 0.0 0.0 0. -0. 0. .0 0.0 A. -0. 0.
(391110Z 7 .0 133.0 30 0.0 0.0 0. -0. o. 0.0 0.9 0. -0. 0. 0.6 0.0 0. -e. 0. 0.8 0.0 0. -0. 0.

AL. FORECASTS T PI6011 WHILE OVER 35 YTS
WeNG 24-H 45-HR 72-HR L.1.G 24-HR 40-HR 72-HR

030 FORECAST POSIT ERROR 36. 95. 175. 28.. 36. b,0. 261. 251.
AVG RIGHT 2GLE ERROR 22. 62. 98. 179. 22. !5. 103. :5s.

AV INTENSITY flI4ITUDE ERROR 4. 10. 13. 16: 4. 9. 11. 3.AVG INTEN1I2TY BIAS -3. 7. 12. 22. 0, 6. 10. 7.
HUMBE10R OF FOrECASTS :9 ;6 12 0 19 15 : I 7

DIST t TRA6VELED BY ST0OM IS 2043.

AVERAGE SPEED 0 STORM IS 15. KNOTS304 
0R

I FIX POSITIONS FOR CYCLONE HO. 17

: .STELLI TE FrIXESIl I l TIME FIXHO. (Z) POSITION 0C00Y DVORAK CODE SATELLITE CO1ETS SITE

I 052151 14.6H 145.2E PH 5 24396 PGTU
i 2 06S030 14.31 145.16 "2H 0 OTHER PGT3

3 060529 14.554 149.2E P0H 5 T1.5/I.S TI0SH iIT OB P03)8
4 8"09e6 K. .2 4s.0e PC"1 OT HER PGT
s e6i830 15.71 144.7F PC- 5 12396 PG02I 6 061280 1,.012 144.6E PCh 0 01CHR PGTu
7 062128 17.81 :43.? P01 5 T2.6,2.5 t01.0.-24 RS 1108 PGTU

07000 2I.11N 242.76 .(2H 0 OTHER PGTU
079 00' 19.41 141.SE P01H 0 OT1I4 P011J

10 071008 19.7H 141.3E PC0 5 
W A1 6 P 01)8

21 071200 19.7H 141.OF -C0 a OTHER P3TW
12 0716;0 2.311 39.6E PC1 0 03260 PGTU
13 072002 19.04 138.4E I0H 6 TIROSM PGIU
14 072:06 13'.01 a 28.2E PC"1 0 f.THER PGTu
is 072247 19.9m1 :37.9 PCI 5 r.,3.5 /01.02SHRS 2396 P072
16 0e0300 20.11 137.2E PC0 0 OTHER P0TU
27 e8 648 20.9 137.3E PC0; 5 71006 P0cru
218 60648 22.2,. 136.9E PCP1 5 T4.8'4.0 TIP-SH IIT CBS PPtl1
19 8009B 22:4 136.00 P0H 0 OTER P031U
20 e00 45 21.21' 136.8E Pf1; 5 920- 6 P 03)
21 081208 21.80 136 4E P01 0 OTH 0 P01u
22 e96e 22. 1!225.26 PC" 0 OTER P0TU
23 02100 226H 135.0E PC 0 OTHER PGTu
24 082225 22.6.9 134.7E P02 5 T4.0' 4. .0.5.244S 110446 PGT1
29 882225 22.24 ?:4.7E P04 6 T4. 04.' D06 1:41T 00S RO3
26 003M00 232.Z3 133.9£ PE.N n o3e0 P0TU2
27 090636 23.6m 132.7E PC0" 5 T3.014.0 ,-.e,,S TIROS1 RPtlK
Z8 790636 23.441 132.K0 P0H TIROSh PGTU
29 090908 23.1 132.3E P0H 0 OTER PGTu
30 091104 23.44 132.0E PC 5 11008 PGT
32 091200 23.6H 132.IE P012 0 OTHER PGTU
32 091608 25.39 132.0E PK 0 OTR P0TU
33 0921 9 25.3h 130.3E PC2 6 ['1037 AG0TI
34 092344 24.78 136.6E P0H 5 14,0-4.0 .IS0.8'24HRS N106 PGT
35 10300 2.1 130.5E Pcui 0 0THER CTU
36 100625 27.4 :30.eE PC2 I T4.8'4.0 TIROO$ IT 000 RKSO
37 10625 27.3m 130.?E PC1 3 TIPO- PTu
38 :009 8 27.5N 1 0.4 PEN 0 OTER PG03J
39 10120 27.3H 138.3F P01 0 OTER PGT
48 ' C2121 30.51 129.0GE P1 0 OT"ER PGTIJ
d1 182321 31.3m 130.7E P0 3 T4.0/4.0-S5.O/42H4S N06 P0T

(8 42 102321 38.9N 13.4E PCH 5 T3.04.0 11006 I11T OBS RPttK
43 20613 34.44 133.?E PC 3 13.0'4.8 /41.8,2410S T1003. I1SO
44 180613 34..4 [31.7£ PCH 5 TIO PGTJ
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A8P(PC -T fist;

Fix tIr 118 F' 700!16 08$ 251X-SFC-24I' t87-FLT-IW-141' 86108 mY Ml OPIEN- 652 TEW (C) rst:(
1OS 01t L(I Mt' T 4 .43 tP V/tt8,1'49i DIP-W'EL0RG't0 ( ,T S4AP. .(lArTT(T4 OUT' 4l' DP SST (4O,

070005 2.1 1i2SE 1(SOaF 992 45 060 45 I0 46 080 28 3 1 +24 .2c *26 27 1
e (1360.94 

1
39.3- IOGtU 3016 10 600--o 30 8 5 *12 .16 -11

-T c 7i1e1i 207?2 210 1i (40 90 5 5 4
0 2 5 Mh 2861 ( 71 210 31 140 90 5 5 *25 *A6 .12

28Ra Ol ? 2970 9-'4 35 140 210 220 37 14a (40 5 5 *. +14 11 5
Z0 0" 2797 10 6. 070 75 2 2 6

a 099150 I.? 132.7E 7POVP 201- 996 2eO 67 210 130 2 5 * .16 26 b
2 97,938 Z52tl !30.7E 7,70 2,24 010 55 360 5 10 2 7

AZ192S:102 70-02,43 9r-1 b() 060 45 000 5 UV8( 40 5 10 -(6 .17 -12
I " 1-1 34 M 42744 60 4J 902 221 70 141 105 5 10 a

-- .100253 ' -" 1.3l. E 6m ?l cal 7 960 78 0630 5 S4-1 3 141 103 5 10 CIRC/L IR 12 -15 8

2'813 1e1610 2.5., . 5E 70,4. 2789 65 (60 8 060 190 2 2 *12 .17 -17 9I P01.8 Fl-iS

f-IX TiM Fl-: Eli EYE P8I1eAEO0-6 P610P SITE
1 NlO. .2) P0(1171014 2395 86Cr 55t+6 S i?) I ... 31w-F COHITS "05(O0)4 I 140.

C (20700 26.4X 1301.E L6(4 28. X1 I2.,E 4799
2 I00500 27.2(4 (30.02 10149 22.73 129.5St 4750
3 (407CO 2125'f4 (.8 :E 1'- 20:-v24 2SE 4790I I 4 (09027.4 1 .9 (8421S (451 479.69

' 0138 27.1(4 230.36 (I'43 2_.-a (29.5. 47-09
7 (0(200 27.8, "0.91 28(4: 28.- 1 (29.5 4730
8 101200 27. 130.!m6- 'D1 5293 50327 28.-'I (2.5 7 2"
9 lei(4001 28.8Olt (31.3E 105 5543 53632 2P. 34 229.5E 41909

(0 10(2100 19.214 lO~rt 18(0 $2203 53232 2.44x (2%.56 479119

(1 '0(600 2961 (9. 1(4 52813 $3427 20.4 (29.t 47909
I 1o1,0' 29.71 130.5E 1.(t7 225,0 5'- 3 0.611 ( 3.0c 47369
13 10(700 .3 04 130.3E 18(414 5t.4- S3.37 23.3i 229.S 4709
14 IF80 3.31, ':.2E L . 0 5' 30.61 131.0 4706.

R8(01[0 30.Si4 130.2' L.gO 55933 Z327 . 1 129.5E 470 e

( 019 0 ,61 130.IE L.iS' 6-43 53313 2_- 129S 4709
17 ('11900 30.511 (30.2E LAND S4 5'0- 53i.1 30.1 13 -E 47869
(0 ($2000 30.( (30 IE 1LA4D 65'(3 50.t09 104 29.5E 47409
19 .02000 2-0.72 (30.(E 1

"
4. 3490' 4< -E D.3 238.2 47806

28 102(00 30.2et 3a.'E f.(41' 34' ' S'.305 33..?' 130.Z 47806
21 (0 100 30.,04 (30.31 4 -20370 LAUD0 30.614 13I.0E 41C

2 10M0 30.011 130.3E L,049 200' 40;09 33.-# 130.ZE 4706
' 23 1(2200 30.14 130.-4 L1(4 n.2:0 50316 30.94 131.0E 47069

24 02309 31.t11 130.7E 1849 20LAND s-16 33.-ZI (zt2E 478%6
5 0230 31.21 . L34. 5-'1 50432 3C01 131.-E 470369
20 2 0mO 31.6 1.(30.9E lt01 5"-'I 5362' 3.6011 13.!.0 470G9
27 1(0(6.) 12.714 :11.0 1 202' 54ll2 19 33.491 :30.2E 4780;
?3 110100 31.01 30.9E L8(49 6" 1 532 6 30.614 (9. 47 9

20' 110200 32.14 131.02 111' 6-0( 5'' ' 34.34 132.6E6 477.

30 21 2o20 32.114132( 161. 28< 5I(2 33 :30.2t 47"';
32 10200 32.51, 12.?E C1, D" 6" 5 S0.614 131.0c 47G?
32 ((0300 32.74 l;3.22F 14 4 55' 50227 3-.31.4 132.6- 47792
33 110300 32.711 MA LA-t17 2011" 573632 33.-4 130.26 478-

! 4 34 (20300 3.6 (31 . It E L4D 160' . . 33.041 134.,E 48 9
5 2I04)0 33.2 11 31.21 1(i'll 50. ' 53627 3-1.3H 132.6E. 4779

415, (0400 33.61 A316 LID(1 65 - 53c..4 32.44 130.2Z 4700,6

27 1(0400 3 .09 10-i 50324 85.31 (3-1E 4799
38 110500 1.7(4 13.1 LID 55': 5Z627 34.3" 132.6E 47792

3 ((0508 3 i.3E LAND 35' ,0425 33.44 (30.22 47806
4a 180 3I.-SI 131.6E 1t'i -5" 5 .' 35.51- 133-1E 47791

41 ((400 3584 15A1(1'241 s3 35.51-1s3I 47971

i ~ ~ ~ 4 IIP 35.N1 131.Sr LW0I5" t0,- 51 13-,11E 7
42 (20700 35.1ll 31.1i 1L84I' 55-2 53522 34.041 (32.61 47792
43 11700 34.0i (32.7t LAND1 30- 50(35 33.-1 (30.2E 476

44 1100 35.N I)t1?.7E 18(49 - 3i264 35.5H4 (33.21 4'79-

45 111200 2 35.2 31.4 LP 55' 3 (30 31.-1 132.1 477 z-6 1120'30 35.44 131.'E 18(4 69' 4; : A(024 JS.5nI 133.I1 47 #1

4? 12(IC -5 (3(._ It1 6. 41'i 55 2 53630 34.3.*1 (32.6E 47 92I1 2('00 35.4-' (51.71 1LAND 61 ' 53632 33..7, (3A.2n 4.a06
9 12(100 36.821 (32.lE 1LAN1 65"'- 021035 .1 33. It 477,91

W- 1151(2-1C 3-.314 *32.3t 141 5'- 03038 35.51 33.IE .7791
51 :220 37.3m 1232.3E 1LAND 65"'- 50338 35.5N4 (73.26 47792

NOTICE TH 7442 q S5613 INDCAT 2(4(636OES U(4C UIETATIVW AIM9 (493 USED9 FO- 0E57 -.PK' 01A02.

I
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TYPHOON RUTH

BEST TRACK DATA

1 ES?7' U1Cn2 I W 2., ROM1 FORECAST 4a 'oporroo: 7ow mOL Oncnsr
EMIROS 180000 Ulu-,G0-I04 P POSIT un'D POSIT U110 PtT UIi POSIT J2h I"T UItD 1I'0T WIND 1.-1I UIND POSIT WIND1 233 U2'lS02:3002 .O 13.S 30 8.0 0.0 0. -0, . 0.0 0.0 0. -0. 0. 03i a.0 0. -. j. U. 0.0 p.0 o . -0. 0.

1.:30: 28,6 113.8 30 18.0 113.8 40. !2. 0. 19.2 22.7 32. 2bo. --0. 1.9 222.1 45. 121. 0. 21.4 209 6 50. 31. J ,.
-91?Z 18.3 113.7 18 18.2 113.6 30. 8. 8. 17.3 222.U 4B. 126. 0, 27.1 C0.0 0. 2b-. -20. 2A.0 Q.04 0. -0. 0.
092328z 1:i1 113.4 35 18.0 £1.0 .. 23. -. ,. 17.6 222.4 .1. 24. 0. 17.7 .09/ 60. 712. -225. 6.. 0.0 1. -. 0.22 18.3 " 3.( 40 £ .4 113.6 30. 35. -io. I .I 2 .5 5a. 176. I5. 2w.c 10.2 56,. 2u . 0. ,.C. 0.0 . -0. e.
e4lTGZ t.8 22.5 Z . 18.4 113.3 4. "I. C. 19.1 112.2 50. 2 2. S. 27.C II.0 5S. 303. 2t, 0. P. I . -0. 6.
834122 19.4 222.8 4e 19.3 112.3 4.. 8. 20.6 j., . 30. 224. -30. 0.8 0.-1 8. -J. 0. 0.3 0.0 i . -0. B.
0914187 21.6 218.8 45 2o. 2 220.71 V. Z. -S. 21.5 186.0 20. I20. -.. O.r 0.0 0. -0. U O. U.0 0. -0. 0.09 153 I2.7 289.5 35 19.6 9.8 35. 8. 0. 25.9 10.5 45. 5). -28. A.0 0.0 8. "0. 0. 8.8 0.0 ). 0. 0.
"$25.16? 29.8 1.-9 4% 29.8 Io.? .35. 8. 0. 20.3 205.0 0, 74. -30. 6.0 0.0 0. -0. U. 0.0 0.0 el. -J. ..a92SI27 19.9 207.8 63 19.9 2q7.9 50. G. -10. '1.0 0.0 8. -0. 0. 83.0 0.. ti. -0. 0. 0.0 0.3 .). -0. 0.
09 2 52 19.8 206.7 65 20.2 104. 50. 347. -25 0.0 -. 0 0. 0. 0. 0.0 0.0 0. -0. N. 0.0 V.I a. -U. 0.
8960 25.6 I.5 55 19.4 205.5 55. 12. 0. 0." 0.0 8. -0. 0. 8.0 0.0 0. -2. 0. 0.0 0.0 0. -0. 0.
09I6 19.2 104.4 3u 19.2 20..5 30. 0. 8. 0.0 0.6 O . -0. U. O.u0 8.0 0. -0. C. 0.0 U.0 V. -0. 0.

I ALL ce. Cf5TS TW.0015 LjIL YlVoP 35 t3"

LI'S 24-12 48-HR 72-fP LONG .44R 45.181 7242-PP
AV, C0E(,63T POSIT ERROR 28. 213. 241. 314. 24. li. 4,. 0.
85.G FIGHT? ANGLE0 01808 2. &1. 230. 232. 24. Z2. 207. 0.AVG 21 N315iY 29W.404TE LORO 3. 1-. 28. 26. S. 24. C. 0.

856 2NT0NS2TS 028I -3. -22. 8. 20. 0. -9. -6. 0.
Wtt1-El 7EP OF FC85 13 9 5 1 20 0 4 0
D2STANC40E TRAVrELED 8 513 IS 68.

AVERAGE SFEED OF stD7PM IS 8. ohos

33394004 89ITH
FIX POSITIONS FOP CYCLONNO 1. 28

Ft 1. i TM F1'

24. 12) PG323 ION AC£RY DVORAK 20E SA TELL ITe C0tNlTS SITE

1 2200 26.6,4 I3.0 PEN 0 OHER P3-1j
2 .303 0 . 223.90 P7N C OiER P31J

3c6t 28.7h 223.80 P14 0 72.0-2.8 00880 211. P0T3J
4 13096 8.,I 13.10 PC7 4 TE0 PGTu

2 13216 I.2 223.7E ICH S FA46 P0Tr
12311:6 13.424 22 3 ". S m546 RO232606 2'-. 23.80 PC" 0 0T3-6R PGTV

c 232o2 8.8l 222.2. PC 6 1 RO. P.M
9 132018 :' .0 ::3.6E P7n 5 1280311 POlDN2- 2355 18.3"4 223.3E PHN 3 T3.0'3.0 1026F INIT OeS PGI
2224300 28..-- .13:3f PC"4 0 Cr4408 PC71

1 2 20722 28.3 222.60 P H ,% T3.0.3.0 183524 2242 DO Z9. ,
13 1400 19.2' 222.6E PC"n 0 03568 Rt7924 :4: 29.3 8 12.90 PEN 3 0GTw25 24260.8 2- 2 . PC4 0 07i68--63 r
26 24206 2I ., 14 ' E PC285 T4 .5 Ti S" ylt

,I

27 21 0N " 9.7m!0;0.5E P7C" 5 3210524 R0TM
28 250224 29.89.56M K .7246 740- 42. 0 1$S '40.4 81st: G 2538 .20.3E PC, 362 01
'o '00 1 II9.91200.58 P4 H 0 OTHER PGT

22 IS1*16t 0.2 2o.00, Ei N 0
23 262200 2-.514 206.2E P711 0 03468R 0031
14 :10052 29-0"5.6E P72m 3 HOC-46 80 250646 8118
-s 260-052 ;9.Sn 285.18 PE4 3 74.5.4.5- 240816 2IN2 08 80S011N

t ilx 3228 I2.6 8.1 EYE PAL-9O8E -AttlT X&.111 SITE4tz. 
SIT 2OIIM 

PW A .E DIA SLkM FCrME AM i o

I ;B.C.4 12.16 LN b/1"'.,. 22.3" 4 a 4.2
1 

St14tP25

.l 
SYOPI F MS028840.2 BS

2 280 ]7.%4 98.5E 20 se

NO3270 -. m ASTERISKS2 Itt I-T FIXES.4 0295 1P08S24T258NP 740 803 USED. 809 BEST 1'070 00080585.

0) 155
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TYPHOON PERCY

BEST TRACK DATA

BEST TRACK LJRRING 24 HOUR FORECAST 48 HOtS FORCz.nST 72 HOUR FORECAST
ERRORS ERROPS ERRORS

MINIMA POSIT UIHD POSIT UIND 'T WIND POSIT UIH' DST UIHD POSIT IHO DST UIH POSIT UI12D DST UID
8913122 16.4 131.5 39 0.0 0.8 0. -0. 0. 9.0 0.0 0- -8. C. 0.0 9.0 0. -0. B. 0.9 0.0 . -8. 8.
091310Z 17.1 131.3 35 9.8 0.0 . -0. 8. 0.0 0.8 e. -0. 8. 0.0 0.0 e. -0. 0. 0.0 0. 0. 0. 0.
00I4802 17.7 131.5 40 a 8.0 0. -0. 8. e. 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 3.0 0.0 0. -0. 0.
0924062 18.7 131.3 40 18.5 131.6 45. 21. 5. 22.7 131.0 65. 29a. 15. 24.9 12.6 75. 397. 5. 2-..2 225 5 70. 344. -48.
094122 20.7 138.0 4t, 19.2 131.3 45. 79. 0. 22.2 13.? bs5. 382. £6. 25.4 128.1 75. 373. e. 26.2 125.0 78. 468 -55.

9141Z 10.0 128.0 ,15 18.7 128.0 45. 6. e. 19.5 124.1 60. 156. 5. 21.7 121.8 65. 219. -28. 26.0 123.3 70. 28.. -5a.
091,5MO 19.3 128.1 4b 19.0 127.9 58. 21. 5. 20.6 122.0 65. 234. 0. 25.4 119.2 70. 447. -2!,. 30.7 122.0 40. 534. -75.
0915.6 2 22.2 se 19.5 126.8 50. 29. 8. 21.4 122.2 55. 258. -15. 24.3 119.5 6,. 337. -3S. 0.0 0.8 U. -0. 0.
S0925222 2.0 226.7 50 19.9 126.2 50. 71. 0. 21.6 122.8 65. -24. -10. 24.5 119.9 410. 287. -0'5. 27.e 119.5 49. 393. -30.
0915182 12.4 126.6 55 10.7 126.1 55. 44. 0. 19.i 123.1 70. 120. -15. -. V 120.3 i0. 113. -50. 26.0 119.3 43. 101. -10.

3 2660z I.8 126.5 65 18.7 26.2 55. 10. -10. 19.3 224.1 70. 49. -25. 22.0 120.3 70. 46. -45. 26.8 119.3 45. 173. 1.

0916e6 19.2 126.: 70 19.8 12,.0 78. 18. 8. 28al.9 122. 5. 102. -2$. 23.2 119.5 60. 42. 30. 27.e 118.4 35. 108. 5.
0916124 29.5 125.9 75 19.4 125.7 75. 13. 0. 2 0.9 123.1 98. 12. -35. 24.8 128.4 45. 126. -25. 27.8 120.2 40. 309. 28.
091610z 28.8 12.2 05 219.7 225.6 98. 33. -5. 22.6 123.0 10a. 91. -20. 24.3 121.4 0. Z%. 5. 8.0 0.0 8. -%, 0.
e9 I 70Z 19.9 124.7 95 20.2 224.9 80. 21. -I.5 22.0 122.2 100. 62. -15. 25.0 !2.6 55. M22. 20. O.0 0.0 0. -0. 0.
092706Z 20.6 124.1 10 20.5 122.2 100. P. -l. 23.0 222.1 215. 152. 2S. 26.0 121.1 120. Z93. 90. 8.0 0.8 0. -0. a.
0917122 28.7 123.1 125 21.1 123.6 210. 37. -15. 22.8 121.7 110. 105. ..8. 26.9 121.2 68. 345. 48. 0.0 8.0 0. -0. 0.
e21787 21.3 122.2 120 21.2 122.4 128. 13. 0. 24.2 128.8 70. 132. 15. 0.0 e.e 0. -0. 0. 8.0 0.0 0. -0. 8.

£ 092082 21.9 121.1 115 21.8 121.3 225. II. lB. 26.2 119.1 60. 16. 2S. 0.0 0.0 0. -0. 0. 8.0 0.0 0. -3. 3.
-. i e9206 22.5 29.4 90 23.8 229.0 10. 37. 28. 27.6 19.3 65. 247. 35. 0.8 8.0 0o. 0. 0. 0.0 0.8 -. -0. 0.

092822z 22.0 220.5 7c 23.2 110.S 0. 24. 20. 0.0 8.0 o. -0. 0. 0.0 0.0 n. -0. 0. 8.0 e.0 o . -0. 0.
892O2Z 23.3 117.0 55 ?3.5 227.0 55. 12?. 8. 0.0 8.0 A. -0. 1'. 0.0 0.0 o. -0. o 0.0 0.0 o . -0. 0.
09190 24.2 11.8 35 24.2 117.2 38. 22. -5. 0.0 0.0 0. -0. e. 8.0 0.0 0. -0 0 8.0 0.0 '3 -0, 0.
02906Z 24.9 125.0 30 0.0 0.0 . -e. 8. 0.0 0.0 0. -e. 0. 0.0 0.0 0. 0. 0. 0.o 0.0 0. 0. 0.
0922Z 5.7 114.9 20 0.0 0.0 0. -0. 8. 8.0 0.0 e. -0. 0. .O 8.0 0. -8. 0. e. 0.0 8. -0. a.

ALL FORECASTS TYPHOWtIS 1JILE OVER 35 K3!
- I 2*NOLR 24-KR 48-HP 7"IHP _44 4-K 9K 2K

Q"V FO-ECRST POSIT EPRClP 26. 126. 245. 305. 2". 158. 233. 326.
ASS RIGHT t.215E EPPOP :9. 123. 272. 291. I0. 205. ISO0. 307.

TITEHSTY lMhwI UD EPRO 6. 20. 35. 33. 6. 29. 48. 39.
AC) zT'CnHITY BIAS -2. 1. -12. -_Is. 0. -1. -25. -30.

ftTP,7FORECASTS 28 27 2.2 9 20 26 12

DI5T2 C tASSELED CY STOR 25 I 22S .;2e

85V10*4.E S -0'9 3 STORM IS 9. .OTS

nlHO PFEPCY
-i - POSITIOMS FOP ULIC. .

SATELLITE FIXE5

'osIT:OXI Aclc-' Dvap COVE SATELLITE COrC:ITS SITE

3 2ua 6."4 131-10 -,! 3 OINEP '1
I,-0 2.28t 230.25E v" p '3T'Cp PrT))

C 22-56 .72£ 131.31 PS'I 6 m1A P51-
45203i 3.5E PC2 C ,,OPp51-
20. 232.E PC' 1 .Iro.: Pl. w

S 1 -22.0C-4 I2.E PCH 5 73.0-3.0 T!1OSl tlf 0 05 POIV
4 1121?1 1:0.7E PC1 S4 5;-DV-- PO.T)

8 W:3 21.21£ 1.28..2E PC:; 5 :.4!S'37 Pf.
9 14Z:33 -1.14 2.1. K14 3 13.0'3.0 :24.AM IT2 M. 8-T.5

IF . 12,- 2J 273t PUN 5 T P2909.' s
:0? 1220f CE P4 S 1rw496 MA PS3 E0T FITS P .u

23 -- ' 28.."' 127.IE 1C. S :fln 2.$ FS 5 HOG StriH2TIOUiP-
14 :A 23.3? £26.76E PV, 0 OT9P .

1 5 " A.91 122S. It -'f 3 T4.014.0 ,202S:'
.0C MI11 'Ii 2 !^? '.7E PC"

I 29..71.26.:-E PE) 2P1-44 zn__ 16zc F- _O Ip19 1I_=,--a 19.v. I "1e.2t PU'i IGnS.0-5.0 "T I il. = Pu. I

22 " 3 . I.1 121 . . M IP M '21.$e
2.2 '!620 :"" :24.9' P-c: - OTVElp --

I-i~~ws3 2. I.252 U4T03

'726 WI IZ4r 914.E PU'C!,~ OT.

4 - 2.7112-M 1 24.6e PU" S 18E6 Mrj.

0 " 2p1 2 n. 222.06 PCI E M.-1(i PSI

33 :. 2._ l. P 0 E- 2H 0 P-

'.2 n34 2'.2? 3I.1 PU 3 TPns. iso C"2 rep2 WS4
;?na-4 221) :2.40 P"..2805.1 Fts.i

09i~nxj2 1 , l T1. 851-ao

411.5!a2 !. £20.3c PC~ $ MTV P7
44 2.14'S 12.3.-EC V. 0 nOt'C P5324.

r 't c~2?C23.4 I:0.2 PC"0 fT4wp5-a
Z5 2-IN !;(. B PC T3.0,3.0 -- 4 IHIl00 m ~ 85Iv -_ _
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J NIPIPAPT F. -S

- FIX2 TRME FIX FLT 70W1 1185 IAX-SFC-UID VA-FLT-LWL-UI) ACCPY EVE EYE 6026*4- EYE TEW 4C) 284
NO. (Z) POSITION LVL HGT 'SLP VEL0'L1GP -DPV.-T 17 SHAPE D28.V141T|*4 0117' 2*/ F"5.T *0.

I 140244 18.* - 32.6E 250"T 992 50 25C 5 -0 35 320 33 2 2 * -26 -23 2:
2 141207 18.7p 12S.12 70079 3103 170 .5 U30 38 5 2
3 141524 10.7N 129.31 709 3001 020 42 280 25 7 .22 ,14 .4 2
4 150332 19.3M 127.4 ?0018 2-91 905 40 130 60 O3 39 330 16 5 5 .16 -19 *23
5 15121 18.7H4 20.00 OM 0 321 110 to 18 45 1 3 4
C. 1 52435 28.7ti 3-1.5E 7069U 2t991 987 040 35 280 20 2 2 .19 *22. -4 4" 17 160011 18. M 12C.4E ;7011 2819 65 ago Is 230 62 1 " Is 2 5 523 I7 0d 18.8m 126.2c 70029 2857 970 65 330 20 020 69 330 18 6 2 CIPCUL R ?2 212 -16 .12 5

9 161361 19.-V !25.9E 700'8 2803 313 55 260 35 5 2 C|I20*LA 25, 6
0 17011V 20.0ON 2s.5 70,110 2644 al l00 7 270 52 170 35 3 1 CIPP.oP 20 7
12 1:1206 a0. 123.ef 7MIO 2387 242 I32 160 8 4 2 C:PC:L4R 15 +Z5 12 a

13 17 616 21 ON :-4 7eeM' 24a?7 07e 126 343 10 .4 CIIC LACP
€  

15 -12 "2Z. -12 a

PA3W FIXES

FIX T2'tL FIX EYE ME5 PA3080036 FAW0 SITE
W40. (Z) POSITM-42 RADAR 'CRY SHA',0 D1201 AS01 7013FF C00r16T$ POSITI02 6019 HO.

2 217220 20.78 123.2E LAND 20715 5208 24.014 121.6 469

3 272300 20.8 4223.a6 LAND 20624 53209 24.0 1:1.6c -$69
4 740 20.0as4 222.30 1013 20624 52708 24.04 122.6E 4V69

5 172500 20.9m4 22.6 14 20674 52007 24.e 22.1. 466:9
6 172600 20.9 :A...6E LAND 20734 53Z05 24.0 N 12.6 46699
7 17270o 20.9 122.4% LA-ND .44 53106 22.69 120.36 46744

3 776 21.~ 1223.4 LAND 2034530 24.01212.6E 46699
9 171800 22.0' 122.30 LAND .v"2 5320 22.6H. 32.36 46244

20 2728W0 22.2" 1222.36 LAND 20723 53222 24.0m :222.6E .6699
1 1 2729.2 221.2N4 22.26 LAND 4-1 53222 22.62 :280.3E 46744
12 171900 21.34 222.3E LAND 218654 532"- 24.8* 121.66 46699
13 172000 22.3N 221. LAND 2"'3 53218 22.6-H 120.36 46744
14 17200 22.51 22.of LAND 10733 53215 24.0 121.6E 46699
25 172200 21.5' 121.7E LANDI 2583 53016 22.912 120.3. 46744
17 172200 21.64 121.4. LAND 0522 52916 22.01 220.E .67.44
1 172200 21.'H 22.5 LAND 305C 53110 24.0" 121.6E -.299'19 2 . LAND 284113 53016 22.014220.3E 46744

1-t I723LO ZI am .ZEO AND Z914 24. l 121. 4,6L
:1 LND 1023 53028 22.6H 12.20 46744
22 190m 21.9" 121. LAND 55'13 5331 24.*4 121.6E 4&69
23 2002900 22.0" 220.7E LAI2 25" 53e24 22.6H4203 46744
24 20200 72.04 22.0 LAN 55"14 52909 2 104222.66 69
25 18020a 2. IN 22.5E LAM, 2-' 53012 22.6 1 28.36 46744
26 C03C0 22.3N4 220.? LAND 20082 53a23 22.64 228.3E -6744
27 L04co 22.34 1t96 LAND ;'643 52716 22.0*4 220.36 4674429 *80500 22.Z - 19.5C LAND ;5-3 52719 22.0*4 220.3 46744

29 200600 22.1 229.56 LANMD 25463 5000 22.6 120.36 4674
N 2 80700 22.-1 ,19.30 LAD 2-63 52718 22.6H 12.3 46744

31 290060 22 .IN 229.20 LAND 25'-3 52709 22.6H4 220.36 4674432 "0090 22.-4 19.20 LAND 2",3 527'85 22.64 220.36 4,344
33 2205 22.41 1 9.00 LAND 25-3 52784 22.6*4225'.36 46744

. 34 202200 22. 5 118.96 LAN 25W' 5315 22.64 120.316 46744
25 W 1 00 22.064 218.86 LAND 28"'/ 53:23 22.6H 120.3 46744

18230 23. 22.66 LAN D8 1 532922.6 2.36 46744
37 282400 22.8P 210.56 LAND 25"" 53112 22.64 28.36 46744

20 450 22.0" 228.3t LAND 25"' 53218 2.42236 46744
48 181700 23. I4 11.00 LAND 25' 53114 22.Q1 220.3 4744

41 181800 23.*1 227.eE LAND 25, 53113 22.6* :20.36 4674
42 181980 23..*4 117.7E LAND 2050' 53116 22.,4 12.36 4674
43 182006 23.8N4 217.66 LAND 2"' 53212 22.00 22.36 4674.

MINH NOTICE - THE ASTERI.5S ( I C 2 FI32082 2*E5 UtREPPI5H18TIv6 A" 40T USED FP EST TRACK 4 55.

2 2298441 KH4"* CY 46

Fg
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TYFH00N SPERRY

BEST TRACK DATA

323213. TL4,INW. 2. 020 1300.4 223 IM Ct05 P '30600$'

is!*1 Ul"D £0111 urns MIT iins rsl :t:z V,7 t.n 's:: uI'-- TW4 "'a l '245 u';; ;,,T '1
:0. 1,53.7 .5 30 .t 0. -0. 0. 0. (J.- a -0. a. 0.0 E." . 0 ... 0- . fl -e. c.

:054.10 . . 00 OS .e6b 0.- 0. 0.0 0.0-o 0. -0.0.0 0. -e.'
1 : 112.0 N 13.0 0.0 0. -C. a. o.0 0.0 ,. -e. a . .0 a. e.0.0 0. 0.0 0. -*. a.

i .1 [ ,z 2 i,'2 .t -1 ex¢ e. - o. -aU. a. O'j o'a e. -a. a. @e n o a. -e. a- eie a.o -). -o.i a
• lv.z i3.=z rz..s ,o u - o.j a. -o. e. c.o e.9 a. -o. a. e.e o.o a. -e. e. e.a -.a c. -o. v.
1 t z r. 2.20 . . O.0 0. :. :.. a () 0.. -A. 0.. 0.0 0 0.0. -e. . 0 .
I -l :. 11.2 - ] : .6 e 0 a e. -a. a. 0 a 0 a a. - . .0 .0 -0. 0. ele !.c A --

-.z 1Z .7 O 0.0 0. -0. , 0.0 0.0 .- c. . .a c u a . 0.0 0.
Z" :.- .s 0. 0. 0. 0.0 0.0 D. -v. C. 0.0 0.0 e. 0. . 0- 0.0 1. -e

:.-52 1 30 0x 0. 0. -0- . 0.0 0.a 0. -0. 0. V.0 0. ..0 .0 e. 00 .0 .
,n . :9. .14 w.0 3d 1.e 0.0 0. e- . A0. 0.0 0x. p. -0. 0. -.0 0.0 a. -a a . -ax . -0.

-''l 1O 20.0 147.4 I !9,. :-.1p . 23- -5. 22.24 .! - 5. fI. 5. 24.5 139.0 5. 5 ., a 77.5 :32.4 C.. 3-w$.
0, . 15.0 40 2. 31'46.1 . 2. 0. 22.9 1m0).2 v.. . 33. 115. -.2 . 5 . Me 2 . .2 :, - i.

I 2z Z:.: 143 .1 2. 2 .1..I.3 . 1. . 23.3 :10.7 o..2-. 10. .. 3 133., 6S. VI. -0. -.- :2 .2 7-1i -5." -

S-?4512 :3 11.5 .0 21.014=*.75 1- . :.. . 41.5'132.0 £. 2ie, 10.27.4$132.2. 10=_ . . '-"-'*= ' l..S . 1 S.- $L0 2-.0 :iZ. 7 5. 23. 1. . !y3. . ;a. n7,. M0. 2-9.9 13.8 65. o. . 31. 1.9 @. M4. V.V..VP 22. 2 1-t:.0 4) .. .45. 1 S . 2.1.k 134.5 CS. I.-;. to.Z9. 3130.8 :e. . V- . 2. 2 :-5.6 f2 ils.

I1,422 21 .I :,.3 55 . -;. 5. z0. 3. 2-.1 133.2 5. 214. Ia. -.- 1. £0. 228. -5. 33. 1.2 . - 0
:4. . 137.: 5 ,:_.o -"s. 13. V. 20.? :33.0 fC. 1). 1 3.e. 5-3 13.0 .. 4-, 5. 3-.: -3;.2 3. .03.

Z5. #s2 5 V. :v V,:Z!.5 1 55. 2 1. 0 r. 21-11 z. n.4 ax. n~ .- ~ s ~ s - 0.
. 5 .. 5.. .5. 1 . -. - 2 41C-). -0. 0.0

-:7u22 .5 *..'. ' 1 1. 5c. 24. - 1 4.1 1-. 2, -10. .4S 0.0 A. -W. 0. 0.0 0.0 . -o. 0.
24. ".2; ~~ 34.' 1-.2 i M --. P 0.0 v. -d. 0. 0.0 e0 .~

-1i12 1%.0 P .9 51 i. Ito 1 .4 .1- a. 0. 35 . .6 .. ... . --; . 0.0 0. 0 -c. a. a.0 0.0 e- -. 0.
m0.3 ,37.? £0 1i.4 I1. 12. - . 3.5 14.2 35. 173. -3 0. o.e 0.0 0.-C. 0. 0.0 ..Q "--. 0.f?.'-.0'093.14 A:. £5Q2. 0.1.:5..5 07 - 0.2 0.0 0.-. 0.00 .0 j.-. .

U-. £5 -U.7 0.1. M Z- e. C.c . I. . 1
30.9 4.5 £0 31.1 1'-.0 CO. 24. 0. 0." -0. 0. o.O 0.' a. -c- C. 0.0 . n. - 0.

0220202 3-A -1.27 55 1. 40. $5 . .0 3. 0 .0 , -. 0 . 0.9 0.0 . e. 0. 0. c.!) . 03;12: 31.2 I. 4. -5 . 1 : .0 0. - 0. 3.0 .0. 0. -0 0. a. 0 . -. , 0.0 .0 . -0. 0.

040202 310.941,f l-$IDl "7 0.0.0.C 0. 0.0.0.-C. 0.Il 0.0 0. " 0 02. l 1 . -0. 0
-,.1 0-2 31-2. 51 . I ,4. . 0. -C. 0. 0.0 0.0 0. -0 . - .0 0.2 n. -0. 0. 0.0 e.0 a. -a. o.Z 53 6. ST. o. 3Z.- a. o o .0 c.o b ..-. o. ,. :-o -a. a.
"O2106, 3.: .t. M.5 -. o 0. -. 0. .. 0.0 0.. -. 0. v.0 . 0o. -" e . 0 0;.0 0.

M-6:15 13. 7- - .. 0 0 0. :0. 0- 0.e .0 -.a .0. 0. 0.0 0.0 0- -c 0. 0.0 0.0 Iv. -0. 0.
%,l ..: I .' So 3.5

-  
5.0t. -G. fc. 41.9 e. . . - a e o, . ex,, a.t. ;-. -z. a.

k"20I 0 1, Z- -i.a I PA 0.0 0, . -.- . 0. 0r.- -. -0. 0. -.8 0,0 a. -c. A . e~ -- ,.a -5. :a. ¢

L-21 I -o :1.3 35 0.0 0.0 0. -0. 0. 0.0 0-.0 8. -0. 0. 0.0 0.0 . 0 3.0 u.. -0. 0.409-2!002334.52. 0 0.0 0. -D. Q. 0.0 0.0 0. -C. D- 0.0- 0.0 t' 0 0.0. 0.0t 0.. 0.

3- 2: I 1 T3. ):'. :7n. 2c. 1 2. 2u. :30. "0. 0.

%,1 . £9 1T 0 7 a_ Q. .236. e1o. a.. . ..

k. -41t: i- 3 4. 3 213 A O P 0 . :1 0- @ . 0 . . . -. e . . . - -. a

..r 1iM01 41- tEO 0.. -3 2 -lr 3c 0. CS 22ol 19 10 22 9 0.

r-7130 s3: Z.

ix' ovs:::crns cfltrp "3o

I

', -I

* 15 023.3 0 5 P31'j

5 V1SI t041433 'C:33252.10.p ll

1 5.31 3 .. 090- MP3 w

- ~-)1 . . -~13.E6 F-:- 0 63.' Om

? .E 7--- oi
to4 M:0 c :1.4 K1DOK

H 22 M .4 . 5 WmP- M-
2z :.:o 2 '.E. 132.17E 0-i 0 o-1E. tii.?

13 ~ l 1,t2 4113.,3t P~C"0 03-. 10P3305$ 003

Mr..:8) ' . 137.0 30-40 0 .0P31

IS 30 2Szw n.- 136.14E rC 0 -40,. 30014, '511

910 3.0413,.:1 0 O150.0l~

:P302 3A 01 139..? p105 0 00ptw

Z. 00-9-4 31.9 I33:.5 i6 w 5 m,.II
27 3r58

3:00I. 4123 5 'ci
.. ~92 3' .,l 144. 3E f, 'm

34 1'1-M 31.1 110 '5"?

_1 E. -Z r- 'P -



mzu z- -8"-

34:9m:46,z PV 5 7Ii- 47Z - lf
- ~ ~ ~ ~ ~ ~ ~ CC a ~ xs K--s-v rnrrrtu an WnV"n- f

220 -1 .!;, F4.a ns P44l46 6 cc n 3 1 ;

3$ 3c.5 :36A6 t5 3631flt 21 . 63 6336 .15

aW 3Cn nn-
no-n if 6 3=14 Ve 53 as

_ 4.:7.3 ZE 3e! 3 30 . 352 aflf 01 3 7

36 -' :327.E gir- :36.2T 0617 -- 27 5

.5r,; -- !34 s i-S :'oz- La5ln a~ o gl , ~wnr
'fl I23 X4.63.5 f~l 03

.3Z- SoA e:9.35- ~n -- i

I 34.5. £"CE ez W a ZM4 3 - 5' z~ -ISn M , :

S:M

344 :1--E -
;531)*n 0

Mi I.t5 , s:.3J. S-r34 w; -9 - -3
M3 a. X
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TROPICAL STORM THELMA

BEST TRACK DATA

BEST TRACK UARNING 24 HOUR FORECOST 48 HOUR FORECRST ?2 HOUR FORECHST
ERRORS ERPORS ERRORS

tIO/DAA'R POSIT UI1D PLOIT UIHD DST UIND POSIT 12H1 DST UIN POSIT WIND DST UID POSI" UI1 DST IND
99258OZ 15.5 147.0 1 0.0 0.0 0. -3. 0. H.0 0.0 0. -8. P. 0.0 0.0 0. -0. H. 0.0 0.0 E. -O. 0.
092506 15.6 146. 15 RIB 0. 0. -8 . 0. 0.0 , . -(, 0. 0.0 e.0 U. -0. . 0.0 0.5 .. -03 9

92512Z 15 8 146.6 15 0 0 3 1 , . 21 . 5. . H.0 0. -, 0. a e 0 ,0 0. -e0 ..
9251 Z 16.1 1463 15 EOR e.0 0 -03 . 0.0 1,. 6. -a. O. 0,O 0.0 0. "6. . ,0 a a 0. -0. Is .2 B920z 16.3 146.1 20 B. . 8 1 0. -e. ~, 0 .0 0.0 . -0. 0,i OA 0.0 0. -8. c. Oe IB.a O. -0. e.

A92606 1 R I -. I 2 . 0 . 0. , -0. . I . . -
.12612 R , .45,1 BBP 0 , FO. 11H BTO B . 2, 0 a BO BO -. -I 71. O 0 . -4. 0.0 6926'8= 17.8 144.? 25 17.,2 143. t 30. 103. 5. 19.1 139.7 WB. 111?. 15. 21.1 13!t.S 6%. 493 20. 22.6 130.0 75.108B. 20.

:92700z IB3 144 3 25 1771 8. 0 7 5. 19:B1 J. 50 . 193. 15, 'U.7 W.15 65. 49U. 15. 23.2 135.5 70. Q50. 2S.

D C92106E 92 43.6 3 R IS 4 3 .N 9 . 9. 82 . 265. 15. 20 9 13?.b 65. 559. 10 23.5 135.S 70.1493. 25:
092112Z 20.0 143 . 30 20.5 1 43:9 30. S . e. 23.9 143.0 45. 49. -,. LIC.0 14. 5 60. 309 b. 28.3 139.7 66J. 9F9. 15.
5 9 11 OZ 20.8 142.5 35 22. 8 14 1 9 45. 12 4 : 1. 27 :6 .39:. 1 45 : 2 6 : 1: 3 .9 139.1 65 . 344. N6 O. Et O O.

.9,Oe0Z 21.7 142.2 35 21.0 142. 35. 13. 26 60:42. 38. 61.20 31.5 148.1 20. 4|9. -2b. e: .O O -. O
0 12606Z 23.2 142.e 35 22.4 142.1 35. 48. 0. 26.1 143.5 30. 119. "25. 31.7 148.4 20. 266. -2b. 0.8 0.0 0. -0. 0.
6~~~~~~~~(920 22 24:5 142.4 40 24.4 142.6 30. 23. 28O 2D714. .4."2. . O . 0. 0 . O.-. .

SP928I 25 842.9 45 5.8 42 . 5 30T F46 . 21 . O -.
EI92900Z 26.8 143. so 26.8 143.5 50. a. O.3. 4. 013 . 0.5 U.0 0. -0 0. .O . O U.=O
092906 Z 2 . 8 144 .2 55 26 .3 1 43.5 5 3S 0 le . 3 1.2 14 t.3 40 . 325 . -, - O . ': -.- . O . . . - '. I.01*;6.2912Z Z9.4 144 9 55 28.0 144.2 55: :I O. I.: N. Be. -0:. U.' '. . .- 0 . OO 0.0 a.-.
OSB 2916Z 307 146:0 55 3.18.8 55.~l1 215- 1: 1~ 1. 0 1 -11: 1: 0.0 B:.O 11: "B:. '1: U. e O. -0: e:

P1 I ,FIX ' I. B

0 Z 323 2478 45 3RE 0 , 55 8 . :1 ,0 .0 0, , , a 80 o

9 2 3 5 2 1 45 33.9 P47.9 50 202. . 0.0 0.0 0. -e. e. I U 0.0 . . A. 0.0 0.0 . -0. 0.
32Z 3203 15.8 45 37.8 155.5 45. 13. . 0.0 0.0 0. -0. 0. 0.0 0.0 - -0. a. P .0 0.0 0. -0. 0.

ALI FORECASTS TYPHOOS WILE OYER 35 PT O'JRhG 24_HR? 48"HR 72-HR LJRHG 24"HR 4O-HR 72-HR

AVG 5ORE2ST POSIT ER4.R 0E . 145. 350. 97. aA R 7RIT ANGLE ERROR 43. 93. 218. 5,,, E P.: B .'s INTENSITY MASHITUDE ERROR 3. , .- a5 3. 0. 0. 3.
AVG |.3TE SITY BIAS I -4. a Zt. O, , U e
HIER OF FORE20.T8 16 1. 7 4 POU

DISTANCE TRAVELED BY STORM IS st,81. MM

AVERAE SPEED OF STORM 1 5 13. KNOTS

TROPICAL STORM THELMA1
F1 I

, 
POSITIONS FOR CYCLONE NO. 21

SATELL ITE FIXES

Fl.4 TRitE FIX
-10, ( Z) POSI TIO 104 ERY DVORAK CODE SATELL ITE COMlrEHTS SITE

1 272200 23.?H 143.IE PCN 5 T3.0 3R0 11E1.0124v H A4 2 PGTU
2 21,1249 15,711 147.3C PC"I 5 10.510.5 -IOAA6 IhIT 085 PGTu.

3 2CO000 23.7H 145.SE PEN 0 OTHER PGUJ
1 4 US00R 16.51 144.E P68 0 OTHER PGTU

-15 261203 23.IH 144.3E PCH 0 OTHER pGA3UT
G,260 Z22 O.1 144 0E P NA T2.0 S. RDI.5124HRS NOAA6 POU

2' 270300 27.18 142 E PC 0 OTHER PGTU
2 270632 193 143 E PCN 5 TIROSH POTU

2 2700 19.1 144.36 PEN 0 OTHER p0U
10 270920 20.IH 144.5E PEH 5 HOA6 PGTU. II 71200 21.111 144.1E PCH OOHRPT

1i 2 271600 22.6H 143.ZE PFll 0 OTHER PTU
23 230600 23.4 144.RE PEN 0 OTHER PGT
14 26300 22.11 142.?E PCH S OTHER UCC 24.3 142.6 PGTU
15 28003 23.7H 144.9E PCH OTHER PSH S3 011 EtSD ILNC PITN0

3 01 2 0 9 0 0 2 . 21 1 4 4 3 E P C N 0 T H P G T U
i _221 22862 - 14.0'E PEN 3 T 2.0,2.0 TIROSH ]HIT CBS RPK
32 291200 23.211 141 .E PEN 0 OTHER ULC'5 AT 23.2 143.4 25. 143.4 PGTuS19 28,5931 23.1-1 141.3E Prll 6 HIOARS OLCE5 AT 23.1 143.3 25.8 143.e PGTlu

*2P 2)164O .1.69H 143 RE PCH 0 OTHFR P61-
21 291GO 25.1H 143.2E PCl, 0 OTHE P'03u
22 231d6 20.O' 143.6F PEN 6 TIROS L PO.U
3 231901 25.5" 145.3E PEH 5 TIROSH RP0

37 202100 26.1" 143. E PCH 0 OTHER 1GTU. 25 282!413 26.5ti 143 5E PCt 5 T2.3 3 0 AJX.5/244R5 HO A6 PSOL tLICC 26.1 !42.3 PGTu

26 2 030 27.6t 143.,E PEN 0 OTHER PGU
12. B OSTN 2906 0 14 IC PD 0 SH I PGTIf' 28 ?!)@Go9 28.2" 143,5E PCH 5 TIROSH PS51. LLCO Z6.4 143 7 PGTW

1- 270639 22.111: 144.3E PC 5 T3.06 TIOSH IIT 136 4O1l
30 290900 2.9211 144 E PCH 0 00 P'10 PR7 I 4
31 2'09122 2II.Ih 144.8E P26 5 701 22 P36 l4

32 2'3110 29 914 141.E P01 0 OTH4ER pu
3 2)1630 31.6t. 1--. 11, PCti O OTHER POrj

231d40 0,21 1436 10E PL 5 T973 24 25 PGIU
L> *9I ".7H1 47.0BE PCH 0 OTHER -81. L--%t 31.9146,4 PGTW

36 2301 21.ii 143.3E PC" 5 TI.0/2.5 %J1.0'25VRS NOCAS ril' L.CC ULCC 32.6 1.5 PO
3 2) 0 30.3H II4 0E P H 2 OTHER 30C PGTU
38 3213900 25,8H 153.UE PCN O O".C(R Up CC PGTU

AIRCRAFT F I;'l

r Ix' T IME p|. FLT 70iOtBS M5IX=SFC-WDb MlX-FL.-LVL-WDI ACCRY EYE EYE ORIEH" EY TEH'P (C) 1I'4
IK). (11) PBSIlio-I LVI. t*T frILP VEL/BIRG RnIG DIRV L/BRO,/RIG NAV/I-lET SHAPE DIAWVTATION CUT/ 1IN/ C4 "ST NO.

1, 271! 30 22. N1112.3E O00ti0 3014 993 17O 33 180 136 4 tO +12 +11 3

J ~'52.1 4 E 70P11B 300?7 25 1320 170 100B 27 V20 150 -4 3 4
em3 ', 0308 22 It: 142.2E 76]00a 2?S3 30 308 95 360 Z3 320 110 4 4 +15 +14 +12 4

.1 9104 2t,. 71, 143.1t. 700113 2901 342 44 -00 40 2 5 .
A5 21 I318 25 21, 143."E 79OT1B 29R1! 987 32U 27 240 40 2 S -I; 12 +10

•-6 290015 2,-.0lo1I 43.1E 7AO'ID 2964 -U, M00 60 310 23 170 13', 5 3* 6, ;7 2')0250 2°:,,, 14..E 70P41 ,3, 962 55 060 42 0,0 3S 350 ,0 S 4 .10 1,4 +,: 6
0 291500 30.29 144.4C 70078 2325 290 50 120 158 5 2 -13 '13 '13 7
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TYPHOON VERNON

BEST TRACK DATA

BEST TRACK .ARNING 24 HOUR FORECAST 48 HOUP FORECAST 72 HOUR FORECAST
ERRORS ERRORS PPORS

tlO/DA/HR POSIT WID POSIT WIND DST WINID POSIT WIND DST UIHD POSIT WIND DST WIND POSIT WIND DST WIND
09270Z 12.2 161.2 28 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -8. 0.
0927e6Z 12.2 160.4 25 0.0 O.o 8. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.8, 0. -8. 0. 8.0 0.0 0. -0. e.
092712 12.3 159.8 25 0.0 0.0 a. -0. 0. 0.0 0.0 . -0. 0. 0.0 6.0 0. -0. 0. 00 0.0 0. -0. 0.
092712 12.4 159.1 25 12.6 158.9 30. 17. 5. 14.0 154.7 45. 81, 5. 16.0 150.0 55. 283. -5. 18.8 144.4 65. 479. -15.
6928R02 22.6 258.4 25 13.0 57.0 30. 42. 5. :4,6 152.9 50. 163 10. 17.0 148.1 65. 369. 8. 29.3 144.8 75. 42?. -25.
0928R6 213.2 257.4 30 13.0 257.5 30. 13. 0. 24.0 254.0 50. 233. 5. 16.0 149.3 65. 308 -,8. 48.0 246.5 75. 415. -28.
092812! 23.8 256.7 35 13.1 156.7 30. 42. -5. 14.5 153.1 50. 106. 0. 16.5 248.5 65. 334. -10. 19.7 144.7 75. 4L2. -25.
092018Z 24.5 256.0 40 14.4 155.0 40. 50. 0. 16.6 150.1 65. 2?0. 5. 19.6 145.9 75. 382. -5. 24.1 143.0 83. 306. -20.
092908Z 25.0 155.7 40 14.8 154.5 50. 70. 10. 17.8 150.9 65. 265. 0. 22.2 248 00: . -10. 26.7 240.4 89. 24. -25.
092906 25. 255.5 45 25. 255.5 Ss. 22 20. 26 253.5 70. 07. -5 22. 2 52.4 90 252 -5. 25.5 ISO.3 90. 244. -25.

09292 6 26.4 155.2 50 16.4 155.3 60. 6. 20. 19.5 153.8 75. 49. 0. 2 . 25..' 85. 90. -15 27.1 149.1 90. 8?. -20.
092308Z 27.1 254.8 60 17.3 9 65. 23. 5 20.6 252.7 75. 94. -5. 24.4 249.0 05. 73. -20. 28.6 149.3 05. 75. -15.
09308z 28.6 154,5 65 28.1 154.4 65. 8. 0. 22.2 252.1 75 75. -25. 25.5 149.7 85. 76, -20 .20.? 149.5 05 98. -20.
093006! 19.0 153,9 75 19.0 154.21 7. 22. 0. 22.3 251.3 0. 74. -95. 26 5 4:9.5 0. 72.-lO . 312. 120.1 0. 136. -00.
O9302 28.0 253 1 75 20.2 253.5 73. 25. 0. 23.8 25.6 98. -10. 26.0 . 8 200. 251 0. 32.5 253.3 90. 276. 38.
093018 22.1 152.2 0 21.1 152.2 80. 68. 0. 25. 145.9 10. 40. 5. 30.4 153.2 80. 225. -20. 33.5 161.2 55. 347. 0.
260200! 22.4 52.: 90 22.3 152.3 CS. 34. -5. 26.8 15.3 11. 242. 5. 3." 255.3 75. 28?. -20. 0.0 0.0 0. -8. 0.
:00106Z 23.5 151.0 95 23.3 151.2 100. Ns. 5. 26.9 150.5 10. 209. 5. 31.2 154.6 75. 190. -5. 0.0 0.0 0. -0. 0.
20122 24.6 258.2 200 24.7 250.4 100. 12. 0. 28.6 149.6 10. 09. 20. 34.2 256.5 75. 147. 25. 0.0 0.0 A. 0. 0.
168228! 25.6 243.2 205 26.5 249.5 1o5. 36. 0. 33.7 252.0 90. 306 -28. 35.2 265.3 60. 3G8. 5. 0.0 0.0 0 -0. 0.
10020OZ 26.4 148,7 1R5 27.3 148.5 it0. 55. 5. 32.7 250.4 90. 96. -5 0.0 8.0 0. -0. 0. 0.0 0.0 3. -0. 0.
100206Z 27.3 148 5 105 27.0 148.4 12. 19. 5. 32.0 249.0 85 1A 5. o.0 8.0 0. -o. 0. 0.0 0.0 0. -. 0.
100212 29.4 148.6 100 28.7 148.6 110. 18. 20. 33.3 20.3 80, 2b6. 20. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0.
1002187 29.0 148.9 200 29.7 248.? 105. 12. 5. 34.8 2b3.7 75. 372. 20. 8.0 6.0 0. -0, 0. 0.0 00 -. 09 . O0
268l80Z 31.2 249.7 95 31.: 149.7 100. 6. 5. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0.
206366! 33.2 252.4 0 32.0 252.3 90. 19. 10 0.0 0.0 0 -A. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. 0. 0.
2003122 36.0 254.6 60 34.? 153.0 RA. 07. 2E 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. O.e 0.0 0. -0. 0.
1003128 39.1 259.3 55 39.0 160.0 50. 33. -5. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0.

i LL FORECASTS TYPHOONS 2HILE OVER 35 KTS
LRNG 24-HR 48-HR 72-HR URNS 24-IIR 40-HR 72-HR

AVG FORECAST POSIT ERROR 30. 145. 216. 248. 31. 145. 216. 240.
AVG RIGHT ANGLE ERROR 18. 77. 185. 203. 19. 77. 185. 203.
AVG INTEHSITY MG2ITUJDE ERROR 5. 2. 12. 22. 5. 22. 16. 22.
AVG INTEI4SITY AS 4. -2. -24. -27. 0. -2. -24. -27.

HUMBER6 OF FORECPSTS -s 22 2? 23 22 22 17 23
DISTANCE TRAVELED 8Y STORM 2b HM

AVERAGE SPEED OF STORM IS 13. KNOTS

TYPI I00N VERNiON

II FIX POSITIO14S FOR CYCLONE NO. 22

'SATELLITE FIXES

- FIX TIME Fly
I 'O. (Q) POSITION ACSRY DVORAK CODE SATELLITE COr0ttTc SITE

1 252108 12.S9 S.NE P04 5 TI.OI.0 2OAA6 INHIT OBS PGTt
2 2,6OC 13.0H 164.9E PCH 0 OTHER PGTW
3 260502 13.311 163.7E PCH 3 TIROSH PrTU

4 261200 12.81: 264.4E 'C0 0 OTHER Ppj

5 2?0300 13.4H2 160.5E PCI4 0 TI.S/2.5 /DO.5/30HRF5 OTHER PGTU
6 270900 12.211 160.4E 'CH2 0 OTHER PGTu

I 7 2,0925 22.39 160.IE PC" 5 OTHER PG05J

8 27.26 21.20 159.8E PCH 0 OTHER rrTu

9 271606 13.7 25 9.3E PCH 0 OTIER P93Tu
.8 27:958 22 4 f 238.5E PC:: 6 DIISP37 PT3
12 272100 22 89 2 b.5E PC 0 OTHER PG04

22 20000 22 6t iS.!C PC 0 T2.0t2.5 /D2.O'2IHk5 OTHEC P03Tu
23 20300 13.0: 25.8E P0C 0 OTHER PGTw
14 2'10600 13.70H 151SF PCH C 034ER PGTI
I 25 Z 1-190 13.4, ISN.OE PC0 0 OTHER PGTu

26 20983 23.30 257 8E PEN 6 HOAA PG0R.
17 23200 24.311 157.6E PEN 0 OTHER P0143
IN 2260C ;23. I 156.6E P7t 0 OTHER PG054
2 9 231937 14.TH 155.5E PCh 6 D23P3? PGW
20 222143 24,70 155.26E PC 5 13.0'3.0 /DO,5t2;HRS HOAA6 P039
21 230300 29.10 24.6E PC" J 018ER SECONDARY LLCC 15.3 155.4 PGTW
22 23600 !5.511 156.6E PC 0 OTIHEP P,.T

23 296046 25.911 255.4E P044 6 2OAA6 P03TW

24 2'0900 16.111 25S.5E P0l 0 OTHER P0522w
25 29120 25.69 255.2E PC0 0 OTHER Pr'TU

26 291608 26.99 255. IE P 0 OTHER Pf.U
27 21712 17.3H 154.E PC04 4 TIPOSI PGr4
28 292200 27.29 IS4,4E PC" C OTHPR POUl
23 29212 17 6t0 S4.7E PC" 3 T3.53.5 'D40 5 HRS NOAAS PSTV

30 ,708 19.79 253 6E PC0 2 HOAA P.TU
31 30268 21 0N 152.5E P7t E OTHER P0T
32 30157 1.86: 152.6E P00 1 31.5/4.5 /DI.024RS HOA06 PTv
33 302239 22.011 152.0E PC04 I hAA6 PGTV
34 01093? 23.52 IS.SE PC09 2 OAA6 PGTU

35 020937 24.11 252.0 PCHI I HOAA6 -ODI
36 021200 24.60 508.3E PC0 E OTHER PCTv

37 021600 25 244 249.3E PCl 6 OTHER P,313
3N 0284 25 944 148.7E PC; 2 D?5P3? Pr34
3 39 012100 25.811 149.IE PC4 E OTHER PoTu
46 011216 20.1H 143.3E PcN I T4.0/4.5 /D0.5'25HRS 2OAA6 P5TI

0 41 0'0915 2'.99- 148.6E PEN I 2:0AA6 PGTU
42 020915 29.0H 148.5E PCN I OAA6 PODH
43 07'200 23.40 148.6E P " E OIEP PUTt,
44 0'1953 30.3' 148.86 P0E" 6 tMSP. CHT OOSCURED BY SHADOW PGTS
45 02100 30.2:4 149.2E PC" R OT60F' PG.
40 (422154 30.60 149.46 PC" I T4.S/4.S-/SO.0/24HRS HOOA PG034

161



47 030000 31.214 1,19.6E PCH E OTHER PGTU
48 030400 32.5f4 150.7E PCH E OTHER RGTw
49 030900 3.tS5 252.7 PC! 0 OTHER PGTU
50 030952 3.1.3:: 152.4E FL 6 tiO0AA PGTU
51 031600 30.314 150.OE PCt 0 OTtER PGTU

AIRCRAFT F IAES

FIX TIMlt FIX FLT ?orat 005 mX-.FC-,.D MX-FLT-LV-LRID ACCRY EYE EYE 0RIEN- EYE TEt'l CC) MC14
140. (Z) IOSITION LV HGT ISLP VEL/"B6Gl6,G DIR.VL/BRGC'RAG HAVWMtT SHAPE DIAIVTATIOH OUT/ I/ DPISST 140,

I 260310 12.b.. 157.9E ISOOFT 997 2b 200 105 320 30 200 55 5 20 *2A +26 23 27 :7
2 210 ,45H 156.1E 70O 3010 320 54 230 40 15 5 !;0 "13 - 7" 3

3 20093'1 14,51 1560 E 70010 3009 180 48 120 50 10 5 3
4 290507 15.51 155.5E 700MB 2947 9(12 40 290 60 350 47 290 90 5 5 4
5 290726 ;S.t 155,4E 70011U 2954 55 130 115 210 60 130 105 5 5 4
6 290908 16, I4 455.:4 70018 2962 904 050 73 200 60 5 5 -10 +14 .10 "1
7 2, 1530 16.9H 155.0E 70018 2091 9;5 330 62 230 38 ,4 8 .14 +20 + 7 b
. 300229 10.44 154.3E 70011 2821 50 200 120 270 70 200 52 5 5 CIRCULAR 40 A
9 300410 10.ON 154.2E 7001M 2803 964 50 270 I5 150 81 070 A5 5 3 CIRCIrKAR 40 *13 *I +5 G
10 301319 20.34 152.06 700[" 2752 320 56 230 50 2 4
II 301621 20.94 152 4E 700MB 2697 952 100 60 060 30 2 4 CIRCULAR 45 +15 '20 + 9 7

12 010028 22.44 : 7E 7700lB 2663 4 0 7 10 25 5 5 CIRCULAR 0
13 010323 22.0H 151.3E 70018 2611 944 00 100 5 020 75 310 30 6 3 CIRCULAR 35 *13 +19 * 9 a

011704 25.4 149.3E 700M 2544 937 260 97 '70 18 1 Z CIRCULAR 30 +13 *19 +14 91 26.4H 486E 700B 2580 88 210 30 380 88 200 28 4 3 10

1A 020251 26.7i 140.5E 70016 2553 00 320 I0 030 74 320 15 4 2 ELLIPTICAL 22 15 120 *15 *19 *13 Ia
17 021145 20.1 14.5E 700116 .5.4 250 92 160 I5 2 2 II
1 02;420 29.04 140.E 700710 M 2570 940 35U 60 200 30 2 2 ELLIPTICAL 40 25 060 -14 18 +14 III t NOTICE - THE ASTERISKS 4*) INDICATE FIXES UiREPRESE TATIVE AID HOT USED FOR BEST TRACK PURPOSES.
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17

SUPER TYPHOON WYNNE

BEST TRACK DATA

BEST TRACK 1.0R222G 24 HOUR FORECAST 40 HOUR FORLCST 72 HOUR FORECAST
ERRORS 006065 2PRUP S

-ID li0A2R POSIT UI2D 2 S0 5 UI2D D2 T UI iD POSIT uII ['ST D U2i2 POSIT U111) D.T 22I22 POSIT UIHD DST U11I2
100212Z 9.4 156.5 20 0.0 0.0 0. -0. U. 0.0 0.0 0. -0. 0. 0.9 0.0 0. -4. 0. 0.J 0.0 0. -2. 0. .
00218Z 0.4 !55.7 20 0.0 0.0 0. - 0. .0 0.0 0. -6. 2. 0.0 0.0 0. -0 . 2. 0.0 0.0 . 0.
0300z 7.6 155,0 25 0.0 0.0 ., -C. , 0. .0 0.0 0. -0. '0 0.0 0.0 0. -0. . 0., 0.0 .: -0. 0

100306Z .0 154.2 35 0.0 0.0 0. -0 . 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. U 0.3 0.0 0. -0. 0.
DRo322 6.6 153.7 50 0.0 0. 0. -0. 0 0.0 0.0 20. -0 0 .. O .0 P. -0. 2. 0.0 0,0 -. 0.
o0031OZ 6.2 152.9 60 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.U it. -0. 0.
10400Z 6.0 152.2 70 5.0 152.2 55. 12. -25. 6.0 240.4 70 97. 30. 9.5 145.5 CO. IQ9. 5. 12.) 12., 90. 132. '0.
2R02j67 6.: 151.1 60 6.2 151.2 60. 6. U. 7.7 1247.9 75 9?. 20. 10.4 14%.0 85. 221. 22. 13.2 2IT.? V3. 107. 415.
0641'2z 6.7 150.3 50 6.0 150.0 60. SI. ID. 7.3 240.2 70. I50. 2'; to I 145. CO. .22. . 13.1 21.1 93). 205. .n0,

20042Z 7.3 149.0 45 7.2 149.4 50. 24. S. 9.0 146.3 /0. 5. 40. 12.0 143 5 , 1,I. 1 .0. 15.6 12.0.9 90. 137. 25.
IO0200Z 0.0 149.5 40 7.8 149.4 J5. 13. S. 9.9 147.5 6O. 22Z. 15. 12.0 144.0 70. , 2. 5. IS 21.5 90. 222. 20.
1o006z 0.0 149.1 6% 0.0 149.1 50. 0. -15. 11.9 247.. 60. 05. 5. 15.0 144.0 75. GG. ,?%. 20.6 1.13,5 5. 255. 20.

100512Z 9.0 14,0.4 5 8.8 1249.1 5&2. 73. 5. 11.9 147.4 65. 212. 20. 12.0 141.9 7S. 20U. I5. 2U.6 .13.5 95. 1)5. Is.
1605207 20.6 117.5 30 10.7 147.2 40. 19. 10, 23.q 142.0 45. 141. -5. 15.0 137.7 52. 3)9. -10. 20.2 233.1 69. 3,2. -25.

20060OZ I1.? 146.0 45 11.5 146.2 J5. 37. U 14.7 1-.1.5 55 1277. 5. 16.a 135 5 CS. t1.u. -5. 17.0 129.4 75. SO. -45.
!00606Z 12.7 1.16.2 60 12.6 146.0 50. 13. -10. 15.2 142 2' E I 2. 1 2. 17.2 136 2 75. '32. 0. 27.9 1222,7 29. ,7. -60.
20062Z 23.0 !45.7 45 13.5 245,7 50. 10. S. 26.? 141.0 CO. 2413. 0. 27.7 135.6 10. 26

"
. -20. 10.0 22,,5 0. 330. -65.

2062Z 141.7 145.2 S' 24.7 244.9 .20. 12. -20. 27.7 240. 63. 1271. -5. 24.6 134.2 70. Z35. -?0. 28.0 126.6 80. 47. -63.
.00760- 25.3 244.5 50 i5.5 242.2 42. 21. -5, 29.3 241. 60. 24Z. -20. 23.3 1,9.6 70. 29S. -50. 29.0 229.9 ?5. 620. -60.
10706Z 23.3 144.0 50 15.8 144.1 50 6. 0. 10.3 142.2 0. 70. -?S. 21.? 140.1 0. 233.-150. 2 6.2 241.2 n, 731.-130.
I20712 16.3 243.b 60 26.6 243.6 50. 29. -20. 29.6 242.3 5 229. -:9.23.2 139.9 65. 203. -00. 20.0 242.0 64. 722. -65.
20072": 26.7 143.0 65 16.0 243.2 55. 0 -2. 29.6 242.3 70. 242. -20. 23.2 10.0 75. 347. -65. 23.2 242.2 ,it. 770. -95.

I0OOO 27.0 112.1 70 17.3 142.9 60. 44. -20. 19.7 141.2 70. 190. "50. 22.7 240.1 75. 395. -4,O. 26.5 240.S 75. 692. -45.
2000067 17.4 141.2 75 17.5 11.1 65. 0. -20. 19.3 137.0 75. 47. -75. 12.1 135.3 eo. 210. -50. 25.3 125.2 35. 4L5. -30. A

2012Z 27.9 240.2 UO 27.0 140.1 70, U. -10. 12.9 137.0 6., 59. -69. 23.5 232.3 05. 276. -40. 20.Z 22G. 35. 951. -30.
200Z 20.3 239.2 90 10.5 239.0 95. 2G 5. 22.1 234.0 220. 202. -30. 6 3 134.3 205. ,59. -20 30.0 13.3 95. 71. -15
260907 z 0.7 130.0 120 29,0 138.0 IJO. :0 20. 22 9 134.5 150. 104. 29. :*.5 131.0 140. 322. 20. 29.0 137.6 ICO. 679. -5.

100996Z 19.1 137.0 150 19.2 136.? 150. 19. 0. 20.9 132.0 90. 6. 20. 23.1 120.0 130. 12. 15. 26.; 126.5 210. 06. 220.
2i9227 19.6 236.0 145 19.5 236.2 250. 13. 5. 20.9 232.4 150. 96. 29. 22.6 120.7 130. I02. 15. 26.4 127.0 220. 67. 20.
200920Z 20.0 134.9 40 20.2 134.9 240. Z2. 0. 22.4 230.2 120. 37. -5. 24.9 227.5 110. 14. 0. 21.9 '27.0 90. 79. -20.

1010001 20.5 133.4 135 20.6 133.7 140, 20. 5 23.0 229.4 220. 41. 0. 26,2 126.0 220. 92. 5. 23.2 17.9 90. 222. -5.
1010067 20.9 232.1 130 20.0 132.2 130. 0. 0. 23.6 1227.9 119. 19. -5. 27.5 126.0 200. 036. 0. 30.6 I'9M 095. 165. -5.

1 202012Z 21.5 I:-o.o 125 21.4 130.7 125. a. 0. 24.1 127.0 20. 21. -15. 27.0 122.3 93. 1n. -10. 31.0 131.3 75. 107. -IS.
202022 22.0 229.7 125 22.1 129.5 125. 13. 0. 25.5 126.5 200. 04. -20. T0.2 12.5 05. 269. -2b. 34.4 236.2 65. 370. -25.
2i210z 22.6 1206 220 22.6 2.0 VS. 0. 5. 26.41 126.7 10. 202. -5. 30.0 230.2 05. 263. -20. 14 0 137.2 70. 20. -15.

1021062 23.3 22.0 225 23.6 2.1 215. 29. 0. 27.0 227.4 95. 267. -5. 32.5 133.6 05. 3%6. -5. 30.0 242.0 60. 491. -20.
20122 23.8 1227.2 115 23.0 127.4 110 I2. -5. 27.7 127.4 90 120. -10. 32.5 133.6 00. '01,. -20 0. 0 0 . -0. 0.
2022202 24.2 I2.6 220 24.0 226.5 220. 36. 0. 23.2 227.0 90. 165. -20. 33 2 134.0 0. 265. -20. 0.0 0.0 0. -0. O.

201200 24.0 226.1 105 24.0 126.2 205. 0 0. 20.2 125.0 90. 36. -3. 33.3 230.0 6: 14. -20. :. 0.0 . 0 .
101206Z 25.4 125.8 100 25.3 225.4 i00. 22. 0. 27.0 225.0 69. 230. -9. 32.2 72.0 75 374. -5. 0.0 0. 0 .

101212Z 26.1 225.0 200 26.2 25.7 200, 9: 0. 29.6 226.2 05. 120. 5. 34.0 153.9 85. 602. 25. e.0 0.0 0. -0. 0.

20.21z 27.0 225.9 209 26.9 225.6 200. 27. 0. 31.5 228.7 0. 220. -90. 36.3 136.7 0. 404. -60. 0.0 0.0 0. -0. 0.
202300Z 27.9 226.4 95 27.0 126.3 100. 0. 5. 2.1 IZO.2 75. 152. -10. 0.0 0.0 0. -0. 0. 0.0 0 .0 -0. .
202306Z 20.0 22/ 2 90 28.9 1227.0 90. 12. 0. 33.3 131.0 60. 234. -20. 0.0 0.0 0. -0. 0. 0.0 0.0 O, -0. 0.
020:22 9 0 .0 228.5190 29.6 23.4 05. 13. -5. 34.2 134.2 50. 292. -20. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0.
2023102 30.9 230.9 90 30.3 230.0 B. 20. -20. 33.0 230.4 60. 350. 0. 0.0 0.0 0. -0. 0. 0. 0.0 0. -0. 0.

201400 32.5 233.0 05 31.7 233.4 75. 24 -20 37.6 147.0 50. 142. 0. 0.0 0.0 o. -0. 0. 0.0 0.0 0. -0. O.
2024067 3.6 236.4 00 2.4 236.3 75. 23. -5. 0.0 0. 0 . :0, 0. 0.0 0.0 0. -0. 0, 0.0 0 0.
2024122 34.0 240.21 70 34.0 239.9 5 2. 5. 0.0 0.0 0. 0 0 0 0 0.0 0.

20141Z 35.5 145.' 60 36.? 1245.2 60. 4Z2. 0. B ,0 . 0. -0 . 0 0 0.0 0. -0. o. 0.0o 0.0 B. 0. O.
202500z 36.0 2

4 9
., 50 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0 0.0 .0 o. -0. . 0.0 0.0 e. -0 O,

0L1 FORECASTS TYPH0OONS WILE1 0600 35 15
tRHG 214-HR 40-HR 72-HR L.22 21-HR 48-HR 72-HP

VG FORECAST POSIT ERROR 20. 119. 240. 370. 12. 12. 243. 370.
065 RIGHT ANGLE ERROR 12. 66. 137. 273. 12. 65. 137. 273
AVG INTE12SITY MAGNITUDE rRROR 5. 20. 2?. 37. 5. 19. 27. 37.
AVG INTENSITY BI5 -2. -0. -13. -15. 0. -10. -13. -15.
HUrBER OF FORECASTS 44 41 36 30 43 40 36 30

DI 2lSTANE TPRAVELED By T55I 3728. NM

AVERAGE SPEED OF !TORM IS 12. KNOTS

5UP00 TYPHOON 2.60122
Cl"6 POSITIOHS FOR 1YCLONE NO. 23

FI
V 

T2H2E FIXNO . " POSITI1ON ACCRY VIJORAK CODE SATLL ITE COMlMENTS SITE

0 21200 9.3H 156.4E PCH 0 OTHER PG7lJ2 020953 8.2N 155.4E PCH 6 DM'P37 PGTU

3 022154 7.8N 155.2E PC" 5 TO.S".5 HOAA6 "Nil 0B5 PI u

4 03C.T 7:.NX 254 .3E P0 0 OTHER POTW
03095 2 6 64 53.7E PC N 6 ROAA6 P0TU

S 312 0 6 ,H 253.5E PC 0 OTHER PG h

27 03160 6.3H 240.90 0022 5 OTHER PC I.

0 03100 6.7 152.4 PC" 0 OTHER p;Tu

29 3100 6.Z 152.2 E C 0 OTH2R PGT2

20 032132 6.en 152.I PEH 3 T2.5"2.5 ,2 O374HRS HOAA PGTI

I 2 040000 6.0 152.7E PC" 0 OTHP PGTU

1 2 9 8 i00 '.H 152 6E PCH 3 OTHER 
PGTU

23 0400 I 6.3H 151 2 C 3 TIRs THE
S14 041011 5.7K I5U 9E Pcft 5 NORAG6 PGTW

1 6 042109 ".SN 149.BE PC" 3 T3.5 3.5 /DI.0O24HRS NO A6 PGT UJ

I? 0:10949 9.7H 14a.!!f PCH 5 40A PGTV1
I 5200 9.7H 149-, PCH 0 0M[ PP

19 0600 0. 6t 247.9E PEN 0 OTHER P0
io e5Z eB30 11,5mf 14,.4E PEN 6 DMP37 p6TU

-1 052220 11.84 146.9E PCH 5 T3.0 3,0+,"Le S5"25HRS NOi PGTU
22 0 6@00 11,3H 146.7c PrH o Mt4FR pGWT
23 CAS1400 12.5N 146.3E PCN 0 OTHER FGTU,

S24 OSC600 12,6H 145.9[ PC"{ 0 0714EP Pr.Tw
25 060630 12. 6ft 145.0E PCH 3 T]IMU1 PrTu

1631
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26 860900 23.3H 245.68 PCH 0 OTHER PG OU
27 e60926 23.3" 145.4E PC" 3 220806 80062
-28 a862208 .8 24N -4.6E PC" 0 OTHER P6022

2 t 16608 !.4.7H 245.2 PC" 0 OTHER PGTU
- 38 8008 15.06 244.8E PCH 0 OTPER P0022
302, 822108 15. C21 244.5E PCH 0 OTHER P0223
32 062206 1S. 3H 144.4E PCH 5 T3.013.0 S08.0,24HRS 220806 P012

3 3 80080 1 293H 243.9E P16 0 OTHER PGT23
__ I34 0 78409 2b. 714 244.26 P66 0 OTHER P312J

35 078628 21.6 2.43.98 PC" 5 TIROS14 P0062
38 078988 26.2H 243.88 PCH 0 OTHER PGT2.

37 87084 22 243.46 9622 . 068P
* 38 820 27.26 242.78 P66 0 OTHER POT
39 728 27.26 242. E PC6 5 12805221 9002.
48 8721903 27.86 243.86 PEN s ADS52 RP26.i i41 872208 27.38 2 42 .58 PC6 0 OTHER PG3W
42 072243 26.86 242.IRE PCN 5 T4.0/4.0 /Di.0'24HRS 80886 PU

- I43 8000 17.86 242.28 PC6 6 00998 PUTW
44 888408 27.IN 242.58 PC6 E OTHER PU
45 8688 27.56 141.28 9626 OTHER POTU
46 8007 27.46 242.28 PCN 3 028066 POT
47 80988 17.7H 240.68 PC" c OTHER POUT
48 892023 27.76 240.4E P66 3 HC886 POU
49 812088 17.8H 24.28 PC6 E OTHER PG7IJ
50 082600 28.46 239.48 PC" E OTHER PGI22
51 el21eo 28.56 238.78 PC6 8 OTHER PU
52 082207 28.86 238.68 PC6 2 05.545.5 Dt20P37 2621 060 8650

- 53 832222 28.4H 238.4E PC" I h0666 P06 8668D 06 DISTINCT EYE RPM8
54 882382 28.86 230.28 PCH I 60886 RIOSO
55 08302 28.86 238.28 PC6 2 09.045.8 /02.5/25685 80866 POU
56 898388 28.06 237.68 PC" E OTHER POU

57 899 29.2" :37.126 PC. 2 228056 POTJ
O! 8398 29.22236.78 PC" E OTHER POU

50 892808 29.38 238.58 PC6 2 60866 POT
6 0288 29.36 236.26 PC6 8 00HER POT
62 892688n 29.86 235.36 PEN 8 OTHER POU
82 892280 28.3" 234.26 PEN 8 01THER POT

* 63 092249 28.76i 233.68 PEN 1 60066 PSH 8868D 0N LtELL DEFINED EYE RPM8
64 892248 20.36 2 33.88 PC6 2 T6.5/6.5 /D2.8/24680S 60886 POT
65 288300 27.66 232.78 PC6 8 00968R POU
8 6 288/2?5 22.761 232.08 PEN I 60686 EYE PARTIALLY0 OLD FILLE8D 8RPM

67 2000 22.2 2325 P66 8 00T28R POT

70 202829 22.842 229.56 PC22 I T28006 PO U
72 12228 22.49 229.38 P622 8 OTHERN ROTH6
72 228888 22.66 228.88 P66 8 OTHER P012.
W3 22257 23.56"227.28 PC" I 60886 P019.2
74 222200 23 .56 227.28E P66 E 0OT82R POT

2s 70 2228 24.46 226.38 PCH 8 OTHER8 P7,Tu

76 222336 24.8H 126.2E P66 2 T6.016.0 223086 2220 C8S POU
77 122898 25.7H 225.58 PC6 E OTHER POU
78 222034 25.8225.6 P6 38 POU
79 222834 27. 222 2646 P66 C OTHER P0122
88 141947 27.6 1236.38 P69 5 028006 8P220
82 222324 2 7.7H 226.38 P66 3 T4.S4.5-2.2.S24HRS 220886 POU

.2 238652 29.26 227.96 2'C6 3 74.0,4.5- 7128006 262 080 RKSO
83 23P6512 209H 227.4E P66 2 TS.045.0- 028096 2620 C8S ROD6

84 233988 26.:46 228.86 pr6 C 072288 POT
85 232935 30.8 232.28 P66 3 128006 8600
86 2 3228 3.96 232.88 P6" 0 OTHER POU
87 2322321 32.46 22.E PC" 3 T4.0,4.5 '1..5/24HRS 606286 POU
86 248800 32.56 233.28 P666C OTHER PO1U
69 240388 32.26 234.9 P66 0 OTHEP POU
98 248988 33.312 237.9a P it 0 OTHER PU
92 2 40348 33.66 238. 88 P66 5 61006 POU
92 142680 35.822 243.36 P622 0 00966 PO'U
93 242288 35.96 24.88 624 0 OTER P 12.
94 25800 35.26 248.66 P69 0 OTHER PU

FIX 02216 FIX PLO 708M 080 X-SP6-L65 r26-FLT-LV.-.4D 06687 EYE 8WF 08286- EYE 08280 2C) M1
NO. 22) P00202024 102. 2200 H16P VELIBR0/8.65 528.616.4/ 60H NOVI/lET SHAPE 52821/001 206 U22/ 26/ OP/SOT HO.

2I 848122 9.76 252.88 78878 29S4 984 7s 228 20 228 82 228 20 15 2 C28R0UL88 28 -22 -16 -28 2
2 e 8832 5.96 252.78 78028B 2929 976 65 820 25 228 55 030 20 20 - 6C8RCULAR 22 +12 -28 + 9 2

3 841627 7.26 249.98 70829 3064 320 38 28 8 5 2 C28R20.68 25 -13 +25 .20 2
4 842624 ',G6 249.68 70828 3044 278 57 268 9 5 2 2
S 8142222 7.6H 249.6E 78028 3898 45 018 5 820 26 270 25 5 2 628620.08 15 +22 +23 + 9 2

G050328 8.46 249.3E 78828 3C8 997 45 338 28 820 32 388 IS 4 3 +28 427 + 8 3
I~ 809622 9.86 249.28 M80M 3847 996 80 890 38 268 74 280 22 4 3 *24 +17.8

0a 85 8sas .36 249.08 788M 3222 2886 070 32 338 230 20 7 +20 +22 + 7 4
* 522 9.96 248.28 7028 3235 248 29 028 260 10 511 4

28 852625 20.32 24.88 7828 3127 2088 280 28 340 209 20 5 -12 -10 * 8 5
22 151832 28.46 248.78 78828 3225 89 24 3-8 230 6 55

52 12 205 2"46.38 78828 3227 268 208 29 28 205 6 5 + 9 +1. + 8 5
23 O0652 22.86 240.6E 780128 3854 49 278 5 380 52 270 15 2 2 ELLI2PTICAL 23 20 858 6
24 e60305 22.26 246.4E 78828 3942 999 588060 5 298 45 240 28 2 4 EL2.2PTICPL 28 23 038 + 14 + 6 6
25 806268 22.96 240.48 780210 3078 994 78 288 i5 28 46 t08 5 2 1 7
1' 6 068907 23.46 24.28 782 3898 2802 258 498048 2 5 *16 +12 + 8 7t
17 e'287 23.824 24. 7808 3092 088 48 340 13 2 5 1
282 80625214 24.46 245:b% 78828 3873 2 88 S8 8e98 22 2 2 12 +25 8A29 870327 23.56 244..c 70828 3833 992 58 368 ? 348 40278 280 3 2 C28R232.8 28 -+2 .8o2
28 072445 26.024 243.3E 709828 2965 914 078 78 828 28 5 1 CIRCULAR.0 25 +1+6 + 9 2
22 088248 27.26 242.587 70C28 2992 970 88 838 25 288 53 288 8 6 5 ELLI2PTICAL. 25 25 848 - 9 +14 -12 24
22 e82245 17.914 239.98 78825' 2668 838 208 358 28 4 2 CIRCULAR6 22 15
23 082522 29.36 239.49 78828 2078 952 350 87 278 15 4 1 628602.A8 23 +22 +26 +22 15
24 882326 28.7H 238.28 78829 2297 238 28 7 238 229 898 22 5 2 16
25 898236 28.86 237.68 8828 2238 898 238 298 26 028 228 298 24 5 2 62I620.08 28 +13 +29 +25 26
26 892255 29.66 235.9E 7808 22837 288 2213 86898 0 2 628628.88 22 17
27 8921437 2 9.86 235.68 700rJ2 1 299 898 26 22 28 28I 5 2 609686NTR26 22 34 +14 +22 +27 17
28 28822 28.56 233.38 78808 2323 288 288 28 208 224 158 24 4 1 628R20.88 28 i8

(29 288258 28.66 232.0Z 7082 2389 922 288 820 8 028 284 278 22 3 1 6:86232.8 29 +28 +27 +27 i8
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30 101120 21.6H 13I.OE 708±9 226? 9e7 288l IId le8 18 S 2 CIRCULAR 17 :13 +19 21
31 102 27 3.0 789 26 8 18 124 288 12 7 2 CIRCULAR8 18 +12 +17 21

- j ~32 2265 22a 22.8 789 28 0 98 8 8 7 898 23. 4 1 22
33 01281 22.9 228.5 78IV 2372 025 eg8 89 ,882 73 270 38 4 1 CIRCULAR0 28 +14 -28 +14 22
34 128740 23. 58 122.7E 78829 2349 208 230 is 288 18? 1 380 2 0 2 Z3I35 110912 2S4. 68 227.6E 7029 2330 914 :10 230 25 328 288 238 15 20 4 CIRCULAR8 203 .13 +28 *26 23
36 111222 23 .78 227.20 788293 2325 898 228 838 15 S I C28RCU.AR 17 24
37 111440 24.08 226.7E 76070 2346 925 228 i1s 240 I5 s 2 CIRCULA0R 29 *14 +17 24

38 112128 24.581 226.30 78829 2422 924 228 95 838 281 7 2 0280232.8 28 +25 +17 +16 25
39 240u26 24.1.24 226.20 76429 2437 288 338 IS 298 50 228 38 5 3 25
40 2249 25.2 22.E 700M2 2435 925 80 368 25 898 60 368 62 4 1 CRCULAR 25 +24 +17 +14 26
42 1228788 25.78 25.BE 702,19 2423 288 208 38 228 97 238 26 4 1 26
42 22029 25.881 125.9c7 70829 2428 975 108 820e98 260 20 2 CIRCULAOR 21) +23 +19 +16 27,
43 122 328 .2 257 78829 2454 927 220 55 258 220 20 2 ELL2IPTICAL 23 28 128 25 +18 +17 27
44 230233 2.2 1 26 t! 829 26 45 888 225 268 72 88 85 S 2 13.0 17 29
45 238325 28.4H1 26 .40 7889 2582 943 2210 72 233 75 5 2 +3*8+7 2
46 2 32239 29. 98 228.76 78819 158 76 868 68 20 2 'a

47 2 32585 30.12 21 l3.30 788*9 328 -9 268 68 4 2 +18 +18 .14 38
40 240022 32.C8 2I33.00 78019 2659 70 e8 3e 288 68 870 68 2 2 32

49 240238 32.88 134. 2C 708*9 2728 956 208 250 68 338 82 250 30 2 2 +15 +15 +14 32
so0 240528 32.48 235.80 708*9 2791 88 ISO 9 260 56 878 88 5 2 32
51 248734 32.8t' 236.50 788M29 783 88 158 38 240 82 Ise 38 S 5 +14 +16 +14 32

86587 F IXES

FIX TIM~ FIX EVE EYE 08008-CODE RADAR SITE
80. 222 POSITION4 88008 ACCRY S2*A70 02(01 852.± T00FF 002t624TS POSITI0N 109 80.

T 2205?335 2.82.70 12,20 GOOD CIPC2±108 28 0±52.2 CLD 0024 WE0 13.64 140.90 91228
0 60235 20 24.6 1 D8 G00D C:5U1LAR 28:. 4662 2 AaI44.90 91220
3 625 123 46. 46 1080 GOOD023 1.H CI8S2JI.44 20 23.68 244.9E 91228

.1 840335 12.5H1246.46 1L240 GOOD CIRCULAR2 LIAM1 02.0 OPEN E 23.0± 144.9E 9228
5 360435 22.68 246.30 1080 4028 CIRCULAR 20 13.611 244.90 91228
6 860535 12:2 2.1 .0LA0 P0 23.68 144 :.qE 9:228

M 6635 23.2 246.2 2.080 P08 23.6±4 44.90 9522
8 6820 23.38 246.30 LAN0 POOR 23 .68 244.90 9228

* 9 060918 2 3.72 24.30 1A80 POOR 23 .6 1H44.90 91228
t8 868935 2 3.88 246.30 1L240 PO0R 23.64 144.9F g228

f 1 SI~ 160 3.714 146.IE 1080 POOR 13.64 244.90 91220
22 062235 23.08 246.00 1080 POOR 23.624 244.90 9122
1 3 862320 23.88 246.86 1AN0 P008 13.64 244.90 91220
24 862235 23.88 246.8E 10240 POCR 23.624 144.90 91228
25 862335 24.28" 245.60 LAND* P00R 23.6H 244.90 9228
16 06 2410 2.3 2 45.90 LAN0 r"2 028022108A 38 2±52.2 CLD OPENI 8 13.64 244.9E 9228

- 7 862435 14.48 245.80 18N0 GOOD 028022108 23 2.92.2 010708 OPN23.64 244.90 51228
a'2 0620 2 I 4.7. 24..5 1E0240 GOOD 728012188 2s 2.AIL2 010 0702 622-8 23.6 244.90 9,228
2, 8625S35 24.68 145.bE LA8N4 GOOD CIFOULAR 23 LOLL. 720 0PE:4 8 23.64 2 44.9E 922

3a06 81735 24.98 245.31 10A4D GOOD C2801o.08 22 23.624 244.90 91228
22 062835 25.88 245.36 10240 GOOD 028020.48 22 121. 02.0 0PEN 8 23.64 244.9 9 2228
22 0622 2562 245.2 112± GOOD C028R298AR 20 23.68 244.90 9,229
23 852935 IN5.2 4, 4.2 -824 0 OO 1280298Z 28 13.6 244.9E 922
24 862020 25.22 2 45.00 0L A 02 02FAIR 22.08A 20 2.242.2 010 OPENI if 23.60 244.90 91228
25 06;2035 25.28 245.00 1080 r028 c2020 20~rA 2.922 72.0 OPEN 143. CH 144.90 9228
26 8M33 25.44 144.4E 1LAND FAIR 13.6H 144.90 9228

27 "635 25.44 244.36 LAND4 FMI2 23.68 244.90 9228
8107I 15.6H4 244.20 2.D4 GOOD CIRCULAR 25 23.68 244.9E 22

29 07e235 15,7H4 1.24.0E 18240 2.000 CIRCULAR 25 NO0RTHERN H4ALF. 24E4 ATTEN4UATE0D 13.64 244.90 91225
30 070434 25.78 I43.00 LAND0 GOOD CIRCULAR8 25 13.64 244.90 91228
32 07535 :5.80 4.0 E2880N GOOD 13.64 244.9E 91228
32 0706 35 !S.94 243.90 LAND1 GOOD 242±008082 42424 W2I14E ATTENUATED0 23.624 244.90 9228
33 0708735 IS.9"43 .39E 0180 GVUD 24±1824882 2202.2 2.7.102 ±.014JATED 23.62 1.19 9223
34 0187821 *.2 4.0 1 08 ;.2C 24B AD AR3.6 244.90 9228135 870835 2 6.224 2143.71E LAND POOP 23.68 244.90 9228
37 1 22788 23.54f 2d7.00 1087 20723 52024 26.28 227.80 4793?
37 22.2735 23.4f2 227.76 2.AND FAIR 26.4H 227.00 4793S
38 22 800 23.48 227.80 18240 85/0 /1/, 24.3H4 124.28 47928
39 2210800 23.68 1237.60 18240 311/3 5'/.' 24.84 225.30 47927
40 2 2833 23:. .2'.E 70 120 20623 52085 26.2±4 127.0 47537
4. -20900 23.4H4 227.50 LAND 65.23 52716 24.34 124.2f 47918
42 22900 23.524 27.5E 1087 26873 5258 24.84 223.36 47927
43 222080o 23.48 22740 1L.ND 65/13 5386 24.38 2 24.20 47928
44 22100 23.68 227.41 1085 20723 3308? 28u.4225.3E 47927
45 222088 23.6 237.S0 1P240122274 73985 26.211 1127.8E 47937
46 212280 23.5"4 227.40 1880, 65/3 72389 24.34 24.20 479!0
47 122100 23.68 227.30 108ND 20823 53085 28 .4 1 z.40 47927
480 222280 2 337H 227.40E LA40 20713 73806 26.22 127.800 47937

- ~49 21230 --3.7 227.30 1080 FAIR 26.44 227.86 47935

58 222280 23 .6 227.20 182N0 22727 52688 29. Zl 125.3C 47927
52 222208 23.6"4 127.2C 1085 20782 73267 24.34 224.20 47928
53 222235 23.824 227.20 L08ND FAIR 2.4 227-.88 4793S
52 222285 23.824 227.20 1080 FAIR M6.44 127.8C 47935

54 111308 23.t94 127.20 1AND 20712, 03522 20.4 4 22S. 3E 47927
55 221300 23.74 227.20 1080 20722 73886 26.324 227.9t 47937

5 2238 23.7H2 27.2, H 16220722 732862.34 2.0 479

S7 121320 23.9f 227.16 1080 FAIR 26.44 227.80E 47935
58 122400 23.88 27.2 1A240 20723 53305 20.4*4 225.3 47927
59 221400 23. 84 227.20E L024D 28723 73205 26.22422.8 47937
68 222400 23.74 227 .20102 2 AN07213 73207 24.32 124.20 47928
61 222500 24.08 22 .8 108 22N 1843 53324 20.44 225. 30 47927
62 222508 24.2 2 27.20 2.0240:20713 73287 26.714 227.00 47937

63 22568 23.9224P 2 E.2 2.08 272 73406 2 .3"4 224.20 47913

64 222 680 24.24 226.98' A 1080 273 53224 22.-4 .2.30 47927
65 122680 24.24 227.00 1080) 20743 73420 26.2± 227Z..80 47937
66 222603 24.224 226.90 108ND 20622 73321 Z,4.324 124.20 47928
67 222763 24.324 26.70 1080 28622 53025 2.5225.30 47-927
68 12277 Z.±.72 226.80 LAN80 20823 72322 26 22*22.80 41937
69 121700 24.38 :Z,.7E 1080 20522 7-3215 24.314 224.26E 47929
7-0 22268 24.4 26.6 1E0±40 28623 7-3!22 26. 2H2 127.60 47937

72 222980 24.34 26.3 1E 2L922 52586 20..4 225.46 4792
72 222900 24.34 21.5 2.82LAN 2W 14 727116 2b.2±, 127.8E 4793.
73 221980 24.34 226.30 18ND 55142 72-11 24. 3± 124.20 47929

4 2108 22.222.0 1872584 .3.*IN 225.30 47927
75 12 800OO 24.2±4 226.40 2.080 207212 72608 26..24 127.80 4793?
±6 22!2000 24.21 226.30 LAND2 55/43 72A 13 24.34 224.20 47928

- q77 2108 1432 26.4 108 2ND8o513 50505 20.-4 22.3 4,922
78 121280 24.32 126.'X 1087' 28612 72202 24.2±4 224.30 47928
79 112200 221.5 2H 26.30 182±D 20522 53312 44253 72

06 1 2228 24.5H4 226.40 1080 20623 130 6.± 27.00 4793,
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84 44'200 2..54 126.4E LAND4 11712 710104 24. S4 :24 2E 47924 d

02 112300 24 7H1 42C.IE LAND 10512 53511 28.4fi 125 3E 47927

23 112300 24.61 1 o30 1014 2063 13509 26.2t 12? 0E 47937
U4 12300 24.61 226.3E LA04 12812 73507 24.34 224.26 47928
85 120100 24.9H 12G.eE LND 2122 732" 24.314 124.2E 47918
8 23200 24.911 125.96 20-45 12522 53813 28.414 425.3E 47927

87 12010 2.24 26.06 L015 20512 73210 262114 227.86 4793

88 120110 25.04 226. A144 82 2. 2.EI 264 : _27.:E -X;935

8q 22023 25.2IN 225.9E L214 6820 26.F1A 27.86 47935

90 220208 24.14 125.97 LAND 2062 73400 26.211 122.8 47937

9 5 222047 25.002 125.9E 104' 22822 73222 4,:14 224.26 47918

92 220200 25.0 125.60 L04 12522 52908 28.4K 125.30 47027
93 428368 25.0K 225.06 147 20522 53504 2804 425.30 17927
94 120300 25.014 225.56 14.4 22622 72987 24,314 224.26 479 8

95 120400 25.8 225.6B 12 45L 20523 72704 26.2H 127.86 47136

96; 220.5, 25.04 225.06 t0145 20523 73104 24.3H 124 2E 4791
7 120400 25. 425.6E 1-5 10512 52604 20.J: 125.3 4702?

98 120500 25.0"4 25.65 LA218 19513 73284 26.24 - 21.06 47937

93 1-0 25 i1 225.06 L4.14 20514 73484 24.261 124.30 47910

- 200 220708 25.,1 25.06 261 4 20624 73508 24:31 221.26 4728Z4 04 42076 25.614 425 E4 LA1D 21422 7552 28.414 22536 47927

102 220766 25.6H 125 06 LAND 20525 73608 26.214 127.8E 47937

203 22-3300 25.64 225.66 124145 12522 52008 28.2H 225.36 4792
2-01 22000 25.54 425.76 4.044 2062 73522 26.24 427.86 47937
15 230,0 25.4N 125.86 10145 5LAM2 736089 28.E 25.36 47927

206 122690 25.7N 225.76 4..9 22002 73380 24.3114 22 47928

207 20940 2. Q 225.6E L4 120412 533008 28.44 225.36 47927

208 22935 25.8 21 5.'E L0t 6005 26. Z 427.8

200 224000 25.214 225.60 20522 50308 20.4H 125.36 47927

228 222000 .5.72 225.66 10.5 20523 73407 26.24 227.81 4937

222 4'100 25 12 225.7E 1. 04 2172 73306 24.3t 24 2E 47920

222 424040 25.814 225.06 10145 6005 26.44 427.86 474935122 224095 25.94 225.0 1655 -06 26. 4H 427.8E 47935

244 222400 25.14 225.1 l-S 24822 73305 24.4 224.26 47928

2215 22206 2.9 225 6E L'A45 10412 53584 28.744 225.36 47927

126 1200 25.84 125.7E LA04 20543 7035 26.24H 1227. 47937I i 21 222420 26.01 225.86 164 6003 26.44 227.86 47935228 '22235 2.,014 225.76 49 0000 26.4H 127.8L 47935

229 122200 25.981 275.66 105I 20522 53385 20.244 225.36 47927
128 222d0 26.014 225.06 1645 45-2 70207 24.34 224.26 47910

12 12220 25.214 125.76 L¢3D 0OO5 26.49 E 27.8E 47935

222 22235 26.214 25.9E L04 600D 26.1 122.8 47935

123 2230_0 26.2:4 425.76 L14 40542 50224 20.444 425.26 47927
24 1222300 26.1211 2.19.7 1645 2055 70260; 26.214122.01 4937"

12 2230 26.07 25.7 tl 55",82 70205 24.34 124.2E 47918

26 2235 26.314 201 10445 0005 26.414 27.80r 4735
227 I 2220 26. . 7 4.t14 22522 53622 74. d4 225.3 47927

-28 12100 26.2 2 125.26 1145 20454 70205 2.4 2270[ 41937

2 222420 26.4 I 22.06 -04 6008 26.414 227.8E 47935

2 30 222435 26.54 225.96 4.84 605 26..48 2 7.84' 47935

232 321500 26.444 225 1€ 14 20 422 53006 28.414 225.36 47927132 121510 2.6 14 22.86 1014 GOOD 26.44 227.80 47935

S233 22555 26 425.96 1404 5003 26.44 227.86 4793

234 4260 26.64 225.0E 144D4 22I523502 28.44 425.30E 72

255 2260O 26.5N 225.76E L44D 2052 23607 26.24 127.8- 4795'

3 126210 26.71 125.92 14D G.OOD 26.4.4 327.86 47935

237 2635 26.7 225.96 140 0 GOOD 26.44 127.8 47935

238 222700 26.74 225.76 10145 21443 53486 29.41 425.30 47927139 24706 26:. 6 2 E 1.0 1045 ""'""' 26.24 227.80 47937

2 40 47"0 26.14 225.90 16145 6005 26.04 1227.8W 479375

1242 21800 6.9 1225.9 10440 24623 50320 20.44 225.3l 47927

142 100 27.41 26.46 4.0.9 72742 50308 282.6 24 2.36 47927

- I 443 422010 27.34 225.9 L695 20612 7010 2I.S1 227.8s 4;937

244 I2720' 21.54 226.06 145 20442 70220 26.,2# 127.8E 4793
1245 l231o0 24.014 126.316 L't"4

'  
II52 7031 26.24 227.8 47937

1 2 248 .21000 2." 126.5E L.1 35-. 7015 26T.1 227.80 47937

1219 i333 23.41 226.76 164 S5'42 50323 28414 229.51 47903

2531 23040 26.4 22.9 12145442 503 2814 2.6 10

254ts 42000 23.714 227.06 204 551122 1584383. 2 29, ' 1 50 4~s7709

152 253g 23.214 2>12- 104p 25.02 5,236 28.41 229.50 427909

23 1215too 26.6-1 227.6 1E 4 55143 50625 201 22.5: 400

!42 12315'39 .35 4 220 1-145 5512 50023 28.414 229.50 4703
5E 3I0 29.44 228.66 10142 5512 50623 20.41 19.56 47927

457 2 5100 26.644 I2.56 L0D 55042 514 28.44 229.30 47909

20 410 2 59. 2 .9 1 9 55'42 502 28.2H 229.50 4793

45 434400 3.944 229.26 104 5512 50723 28.it 229.5. 4793

37 2 6 .15 26.714 2.20 69E 4 LAND 5GOO2 30 d" 232.C 409

223 14501 3.@ j3.0 -6. 44E24 554142 5302 20.4&4 229.50 47909

I 1'2 12500 30.1I' 2z9.56 10442) 51#'I 50722 30.624 234.0. 4706?'
223 234600 38.2-4 229.80445 5512 50622 2 14. 1227.5 47909
164 1326 1 06 km4 129.. 1 614 51 70429- 13 .2 4706.'

165 1113 30.344 I25.2 1014 55142 50!19 28.44 I229.50 47907

S3292700 30.31 230.76 1445 5"4 5061 9 30.644 123. 47069

167 34 3 30r4 263.4 L05 65't2 5I029 28.444 I.3.54- 479,09

16 23100 38.3H 34.76 104 51-,4 50038 30.614 292.0L 47069

2o9 234900 50.,64 238.96 1.01 65'22 50027 28.414 229.562 .7903
170 231.20 .40 4 234.49 10.9. 2202 5022 30.62 231 - 47869

272S 2~0 04 2324. U0155-6 50621 26..rN IZ..97 47937

27 1 32000 3.I54 231.46 17t45 4'.42 5:522 20.4H 4 . - 47009

273 232200 .. 1 132.6[14 6 .E 5 2 5229 28.4I 29.2: 470
I
M

1174 :322 3.2 2. 32.6E L.,4 DD 5"5 50627 30.6 234.66 4'9

Ip;27 23220 0 32.242 232.26 14045 65"? .21' 33.312q 434.20 478992 07 3002Z 32.1 26 W. 4k 15 S3 .V 131 56 30 . 3 4709

I83 2--."41 3..314 4321.5 4_.01H5 "2# 50722 33,344 234.26 4789
478 232 7- 9.2 3. 15 5.'!; 5002? 3.44 213.7E 4719

273 201400O 32.58 233.56E 10445 65"2 500 7,3 33.?34 234s.26 47893

2062 2400 3.3:3.6 13 L"0 5 0726 30.61 232.06 4769

202 14 133 ! 3.41 55,4 63 2 33.314 2'4.2 47914

20 4001 2.I 4 :0 I.44 71~ 03 0 9 22.S 270

48 -4233.14 3.0 44 5'. 506177 3e.7 431. E 47899

289 . ".901, 3.1.4,1 3. 10449 65"-. 50727 35.342 21.77 47635

2816 131 32." 22.6 10442'D 552 S 3 33 23.26 470

257 1465Z3 22223.0 464 5 '5225.32923.71 47039
2504 21; 0 3. 260 5544 6 52063 339 2 4 .2.- 47-033

:!03 zs 810?34 :90 1 01.5 5LAND I2773.2 207 7
20 2 9 40 9.11 237.t L04457''D83 3122.2 73

2521 '21130.9ON:2 25.6 10149 55'-' 501:90 5521 . 73

9 M.5009 33p1 24.2 1(045 55- ' 063 3.f2 2.04 74 .630

1191 :316M 311':32.4 4014 65 LAN 541 642 35:.v4 230. 461

294 241200 33.it, 239.2. 104N 41 13 30.C.1132307 47633

22 2430 3.7. 410.1 2.S51 ' 7035 35. Gi 231076 47863

_1 7 2- sr8-_ _-



TROPICAL STORM ALEX

BEST TRACK DATA

-BEST IRACK 6AR0892G 24 HOUR FORECAST 40 OUR FORECAST 72 HOUR FORECAST
EPRORS EPPOrS ERP3R5

tMO/DA/HR POSIT WID POSIT WIND DST UItD POSIT WIND DST UItND POSIT UIID DST WIND POSIT UItND DST U11D
100806Z 19.1 162.0 2b 0.0 0.0 0. -0. e. 0.0 O. 0. -0. P. 13.8 0.0 O. -0. U. 0.0 0.0 0. -0. 0.
106012Z 18.3 161.1 15 0.0 O.e 0. -0. 0. C.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0.

2 1083182 17.7 160.3 25 0.0 0.0 0. -8. o. 0.0 0 0. -0. 0. 0.0 0. 0. -0. . 0. 0.0 0. -0. 0.
89082 7.':8 159.5 15 0.0 0.0 0. -0. c 0.0 .. 0 3:. -0. 0. 0.0 0.0 . -0. 0. 0.0 0.0 13 -3. 0.

100906z 18.0 158.8 is 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.1 0.0 0. -0. 0.
100912z 18.3 158.2 15 0.0 0.0 8. -0. 0. 0.0 0. . 0. -0. 0. 0.0 0.0 0. .0. 0. 0.0 0.0 0. "0. a.108918Z 18.6 157.4 20 0.0 0.0 8. -0. 0. o0.0 0. 0. -0. 0. 0.8 0.0 0. -gl. e. e.0 0.0 I. -0. 2.
: 100Z 15.1 155.9 20 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.8 0.0 0. -0. 0. 0.0 0.0 0. -0. 0.101062 19:4 154,8 28 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0 :U: 0. 0.0 0.0 0. -P. 0.
101012Z 20.0 153.7 20 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. E.G 0.0 0. -0 0. 0.0 0.0 0. -8. 0.
1010182 20.? 152.6 20 0.0 0.' 8. -0. 9. 0.0 0.0 0. -0. 0. e.0 0.0 8. -0. 0. 0.0 O.P. 0. -8 0.
1011802 21.4 151.3 20 0.0 a 0. -8. 0. 0.0 0.0 0 -0. 0. 0.0 0.03 0. -0. 0. 0.0 0.0 0. -0. 0.
181186Z 22.3 150.3 20 0.0 0.0 0. -P. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.b 13. -0 . 0.
1011122 22.6 149.1 25 0.0 0.0 0. -0. 0. 0.0 O.0 0. -8. 0. 0.C 0.0 C. -0. 0. 8.0 0.0 0. -e. 0.
181ll8Z 22.0 147.7 25 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.P 0.0 0. -0. 0. 0.0 0.0 0. -0. 0.
10128:Z 23.2 1.16.6 25 0.0 0.0 8. -0. 0. 0.0 0.0 8. -0. 0. 6.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0.
1012062 23.9 143.3 30 23.6 145.0 30. 24. 0. 27.0 .T.0 40. 96. 5. 0.0 0.0 0. -0. 0. 0.e Q.U 0 . -. 0.
11212Z 24.6 144.1 31 24.2 144.S 30. 32. 0. 26.3 141.1 40. 157. It. 0.0 0.0 e. -0. C. 0.0 0.0 0. -e. 0.
11218Z 25.4 142.8 30 2,.4 143.0 30. II. 0. 29.3 :41.3 43. 42. 10. 0 . O.G 0. -9. 8. C.9 0.0 0. -0. 0.
11308Z 26.2 141.7 25 26.8 111.3 30. 42. 0. 32.5 140.5 4.5. 175. 28. 0.6 0.0 0. -0. 0. 0.0 00.

.11062 27.2 140.2 3S 27.2 140.6 35. ?:. 0. 8.0 0.0 0. -0. 8. 3.0 0.0 8. -0. 8. 0.0 0.0 0. -0. a.
101312Z 28.7 139.9 30 28.2 139.0 35. 30. 5. 0.0 0.0 0. -0. 8. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0-
181318Z 38.6 141.4 30 30.3 141.7 30. 24. 8. P.0 0.0 U. -0. 0. 0.6 0.0 U. -0. 0. 0.0 8.6 0. -0. a.
1 ::I1188Z 33.7 143.7 25 33.1 143.4 25. 39. 0. 0.0 3.e 0. -9. 0. 8.8 C., 8. -0. o. O.O O. 0. -0. 0.

ALL FOPECASTS T'rHDOHS WHILE OVLR 35 KTS
tRHC 24-HR 48-HR 72-HR WJRt: 24-HR 49-HR 72-HR

045 FORECAST POSIT FPOR 28. 118. 0. 0. 0. 0. 0. 0.
AVG RIGHT ANGSLE EKROR 17. 46. 0. 0 . 0. 0. 0 . 0.
AVG INTR4S:TY "2 NITUlE ERROR I. 1:. 0. 0. 0. 0. 0 .
AVG INTENSITY B1A I. It. 0. 0. 8. 8. 0 . 0.
H"leER OF FORECASTS 8 4 8 0 0 8 0

DISTANCE TRAVELED 8Y STORM IS 1844. ti8

AVERAGE SPEED CF STORM IS 13. KNOTS

TOPICL STOMtI ALEX
FIX POSITIONS FOP CYCLONE NO. 24

SAIELL T E FI ES

FIX T11-13 FIX
NO. Q2) PO IT!ON 4CCRY DVRAK CODE SATELLITE CORIENTS SITE

I I 030841 19.44 161.7E PCN 6 NAAG PG013
* 2 @01600 19.7h 160.dE PC.- 0 L'T'l.z P0Tt

03 89121 19.iN 159.4E PCu 5 Ti.Ot.0 .OAA6 110!1 0s PGTU8 00300 10.44 359. 1E Pc11 0 O7. Fp PGT091200 1.-N ISR.IE PCN 0 OTER P0T71

6 V21K00 18.711 IS7.6E PCH 0 OTHER PGT
e"5826 10.81 156.!E PCN 5 TI.S'l.S 'O..24HR5 N10006 PGTU

A 11238 19.6" 153.3E PCN 5 0A06 UL.CC 20.915". PGTU, 9 :02.'17 22.. 153.1K PCN 5 G1.5/1.3 '0.0'244P5 tOHA6 IU OHL PGTWI
10 110.5 22.2m ISO.E PC ' HOAA6 PGTU
!1 111,00 21.1:1 14?.6E PCN 0 OTHER POrT!
12 11213S 23.1" 147, 4E OCH S T2.0'2.O /O.S, 24HRS 916 POTU
13 :2 0fC0 4.6N 145.6E PC 0 OTHER PGTu
122 I 5C03 24. H 145.0E PC4 5 NOA, PGTU15 12i60 24.:64 5 cc PEN 0 OTHER PGTV

16 122100 26.2n 141.8E PC?' 0 OTH P POTS"
17 122314 26.7 141.3E P29 5 T2.O,'2.0*.'3S0.024HR5 106 PGTrJIO IA C1 C 27.614 139.7E PEN 0 OTHER PGTU
19 131600 25.9H 140. 9 PEN 0 OT1R PGTU

20 13Z.00 31.SH 142. 4 Pll 0 0T11R P0713
21 132251 32.-5- 143.eE PCl 5 T2.5/2.S-/DA.S/24hR5 9006 PGTU
22 W3000 33.6m 143.5E PEN 0 OTHER PGT
23 140300 35.S9 145.SE PEN Z; OTL. PGTU
24 140900 38.- 158. PENH 0 OTHER PG071

AIRCRAFT F IXES

FIX TIlE FIX FLT -DOM 003 Fl3X-SFC-01D rlAX-F'T-LV-LI10 ACCRY EYE EYE OPI|l- EVE li- '' 15.1
NO. () POSITION LVI HGT SLP R'GVE,. MG-R, DIP/VEL/BRG/RHG IIAV/1T SHAPE DIAt'TATIO W11T/ IN, DP/SST HO.

I 100546 19.-1 I54.6E IS OT 1009 25 !1b 75 170 25 060 70 3 I0 .20 *24 -23 28 1
2 110303 21.91 158.PE I5883T 1020 15 070 45 028 15 270 25 8 5 .23 .24 .24 28 2
3 120014 23.1N :46.3E ISWT 1004 8 838 0 :0 SI 030 60 5 2 +24 .24 *23 29 3I 4 12|S20 25.1 143.31 78e'" 301 L00 88 3!? 360 20 Ir 5 -12 *16 +11 5
S 230188 26.M8 241.3E 7 8 3189 351 ro 160 460,Z 1 3 3 6
6 130414 26.94 1I40.E 7513 3099 994 35350 10 i3 33 360 0 S 3 .15 *17 +1O 6

NOTICE - IHE ASTERISKS I-) INDICATE FI.ES WIREPRESENTATiVE AND NOT UStss FOR BEST MZACK PURPOSES.
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TYPHOON BETTY

~BEST TPACK DATA

BEST TRACK UAPtIHNG 24 HOUR FORECAS T 48 HOUR FOKCAfST 72 Hou' FORECAST

CpRor . ERRUr5 C-JR RS
) tM/DA/NIZ POSIT UIHlD POSIT SIND M T UWID POSIT WIND DST UItHD POS IT UINDP DST UIhD POSIT UIND DST UIHD

102810; 7.3 152.7 25 0.0 0.0 0. -0. a. 6.0 0 o. -(I. a. _.b e. IS. -u. o. -jo o.o 0. -0. 0.
I02:)aOZ 7.8 153.8 30 8.2 152.9 35. 5b. S. 18.2 149.0 Ca. 1103. 10. 1!.8 14M; 78. 117. -', 13.; 139.5 80. 197. -15.
102906Z 8.9 154 2 30 .9541 3: 6. 5. 11.-'1153:2 11: 142. 1: 12:2 169B":0 479: -11: 1 3.0 144.5 so-0 579. -15.

" 092Z 9.9 153.4 * -5 !9. :32 .10. 21. S. 1.: 9 O4 Co0. :XO 0. ,.7 146.2 .5. 1. -0. S.4 42.6 80. 554. -:a.

1029182 t0.4 152.1 45 10.8 152.0 50. 25. S. 1 .9 147.1 70. I16. 0. 13.6 142.5 1%. ?7.-. -$. 15.9 139.0 90. 397. 5.
1.30eoz 1 0.9 15. 5 0 0. 1515 5 .s .e SG . 12.2 146..0 7e: 24: -1: 14:1 14:0 8S. 53-:. -;0. 16.4 0374 90. 1,75. -5.
103006Z 1 1.7 1 49.1 55 11.0C 14,.2 60. 0: 5. 11.6 1 13.1 80 118 O 1.47 137.2 05 . 153. -lb. 17.A !3-1.5 20. IeG. -10.
1030122 Z ;.2 60 12.4 14-.5 CO. 21. 0. 13.8 141.3 Be. 1:s

. 
-b. 15.2 1.5.7 95. ISIS. -:, 18.0 i e.S 9o. W 2. -15.

S1031018Z '2 9 145,1 70 12.0 145.," 65. 315. -5. 1-4.2 13R.9 Ce. 6b. -:9. 16.S 132.0 W8. 117. -5. 20,0 12r.2 55. 317. -tO.
S1031001 3-2 113:1 15 11:3 11.1 7.. 14: -5. S1:. I-,I.4 1: 19: 1. !5. 1 . 15.2. 20. 2-3.b 129.6 !05. 553. -%.

I.1e- IS . .1 , 1.G '.S':7 0 -. I5 1 I;3 9 W 137. S. 21.1 '3.012. 7. 2R. 26.2 131.2 IV). 749. 0.

.... 1012 "'. 1"9.4 05 14.1 1 9.3 0S. 19. 0. 17. 3 132.2 1013. 131. 15. -'2.2 120.3 :15. 4q1. 10. 27.0 IM. 1 . 9102. -10.
'2.0318z ..6 '37.8 90 13.0 13, 5 05. 21. -5. 15.Z 130.3 1110. 103. 15. 17.1 ;nS.0 125. 2. 20 . 21.0 122.2 122. 4.14. U.
:101M0 14.0 136.2 935 W,.3 13r.3 90. 19. -5. 15.8 123).0 115. lIf. 20. 19.2 1"1 0. :,,1 2, 3,17- 5.57. -5.

] 110106Z 14.? 134.6 P5 A4.1 134.6 90. 6. -. , 15,0 124. 6 115. 107, 15. 11.5 12',.a 110. 13. 0. 23.2 127.1 1OO. SI5. -5.,
i 110112Z 14.4 1331.1 '30 1.1.2 132.5 qO. 37. 0. tb.C; 12C.4 1003. 192. -.. 'Pn.8a 125. 5 IS, _T8. -M 12-4.7 13.43.0 8.700. -35.

11011SZ 1-4.? 132.0 no 14.6 !31.8 05. 13. -1o. 17.2 12C.0 1SO. 102. -255. 21.1: 127.7 75. 4312. -45. 25.3 135.2 0. 540. -45.
1102C0Z 11.0 131.2 .15 :5.0 110.-1 05. 8. -so. 17.r 12G.1, 0. ?21. -39. 21.6 1227 75. 4-M. -IS. 25.3 36.C. 50.10'.G. -15.

• t 11206Z 141.9 130.. :00 14.9 13P. 1, If4 . 6. . IGU 12Z,1 SO. 156. "30. 15 .k 126.13 -,0, Z91. -St,. 224- lZ9.7 go. W. IUi.I 1212;' 5.B 12D.3 IM 15.2 1 -9t* I1(M. I _' -5. W.3: 12C.? 90. 14G. -25. 19.0 124.R 0 W 221. ",:"J. 22.7 I1-40-2 60. 5P41. 15.
1102 10Z. I14.2 123.6 105 15.2 IZZU.5 105. 30. 0. !5,7 12S.3 181. .29 . -21J. l Cq U4-.2 US. -7. -25. 22.C 127'.5 60- . 5.

103."Z 11.1 128:,l1, I 1-1 !1:,l III: -. I- 15.2! !2-.9 1-1. ISO. -5. 11.6 12S .2 ICS. ;53. 4-1. I.C.0 124.2 9%. 103. SO-
;I030r2 14.2 127. 10 14.1 ILI, 10. C . 15.9 12r,..0 It-,. 13. 9 -10. 17.5 124.3 10!:Z.. 55. j.C~ 12-i.4 9S. IU3. 5W.

.103172 1,4.4 1"6.7 115 14.7 OC.. 115. 19. 0. 1G,'t 173.G- :If. ,17. -Ii. I0.1 121.4 58. St. S. 21.4 172.n 6e. 13. 'S.
|, 110310 14.6 I1S., 120 14.6 1.'S. 0 1!5, 12. -t,. I.: !2:1, 1 110. 96. 5. :7.6 121.2 :j. ".j S., 20,.0 t118 6*,, 127. 2.

1"041W0 14.0 124.8 120 14.6 124.,9 115. 11. -5. !5.-1 :20. ? 70 S4. 5. 17'.2 117.7 q8 . 'G. 35. 20.3- 115.2 GS. 5,60. r-.
04 lOC~Z 15.2 123.7 125 1-.. 123.5 N-0O. ZI. -5. 6G.3 119.1 75. t 99. 2t5, '3.2 115 .3 35. X-2. ,19. 21.1 112.2 65. 313. 30.

S1104122 15.8 1 22.0 1 0 14..27 124°5 11). 60. a. I'2 11a30. 3 ll. 31. : 9.5 11,1,5 ot>. Z'7 "J 2.2 !-,. 5 0. 913. 15.
ISO010 Ib= 12, 15 I .e "2, 1 00 23. _5. 4?- 1.2 0S 2! .19 9 1400. z 12', II. 43 1006; 5.

--- ~~ISMS, 16.3 S2im 16.3 105 _5. 17: ;9154BI .3.2. 11.3 ,5. :-l 2:5 IS;OO .o . O
-- = ~ ~~~~~~11056 17.3 120.7 17.7 I'M- -1.24 10. ..9 1. 0 4 . . .- G .0:U. P.o.O

1|05122 18.3 12e.5 45 10.5 120.3 16. 3 . 21.0 IZA.-I 30. 126. -15 '.: O: .- .0[, * O.".
!I1IBZ192I~ 2 12'0.6 415 15.6 !:0.1 45. 29. 0. Z.v 123.6 20. CS. -20. e.,0 0.03 0. .O 0.0 ox. 0. "0. 0.

I 0 08Z 19.9 120.A 45 19. 1t Z., ,5. 38. 0. 22.2 122.: 45. 163. 5. 0.0 0.0 0.'. 0. r;. G 1.0 P. -0. o.
,e&86 11Z0 Z 0.6 121.2 45 20.6 IZI.3 4-1. C. -5. '4.-4 05.4 21, 60. -10. 8.0 0.0 Q 0. |,0. ". P P..) d. "11. A.
1112Z 21.5 12?.Z 15 21.5 1;2.4 35. 13. -10. 25.6 12.8 2 ?. Z?. -S.O. 00O.G 11.4 -0. - 0. 0 r O' . -3. -.

1-% 1 8Z 22 2.4 123.3 40, 21, 2. 15 12362 8.o-1,. 27.0 1320 2. G4. -1-0. 0.0 0.01 0. -t% Op. 0. 0 .0J 0. -,3. 0.

110788Z 23.4 124.7 JR 23.5 11-5.1 410. 22- . . O.i 0.0 A. -0. 0t. 0.6 OmU 0. -B . 0. 0. V 0d.0 k,. -0. 0.
11070O,' 24.4 12S.5 S!, 24.6 12C.3 40. 16. S. 0.0 0.0 0. -0. 0. 0.0 O.n C. -I.. ('. B ,I t..El S,. -0. 0.

S110t12 2215F.6 I.. 35 n*.3 1.28.5 35. 24. A., 0.0 0.0 0. -0. Q. 3.0 0.0 0. -- , 1). 0.c: U.S. 0. .0. 0.
t110?ICZ 2(-..9 131.6 35 U.0 0.0 0. -0. 0. 0.0 Q.,a O. -0. 0. 0.0 0.0 0. -U. 0. 0.8 0.0 0. -0. IT,

I ,'LWII 2,.o!HP 40-IHR 72-H PItG U112 -IC-HR 71-ILI.

AV FORECAST Pil:IT TP1D0P 23 . I 3 1 s"G. $24. 23. I %1 306. b24
A%,% A PIGHT ANGLE ERPD, 14. 0 1 215. 405. !4, ut. 215. Z;5.
A.s' I"T MISTY MA GNITIUDE ERROR 4. 14. 23. 17. J. t4. 2'3. 1,-+

IU13 , ER 01 FORECAmSTS 39 31, 29 20 __ G 29 Z

"---- 'DIISTAK E TRAIVELCD By STOPHl IS 32228. NMt

• " AVERAGE SPEED Ov 5T0,I1 15 13. t NOT5

I ~FIX POSITIUMS TOR CNTCLOK4 NO. 25
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TROPICAL STORM ED

BEST TRACK DATA

POST TRACK 2,1R0IH2 24 HOUR FORECAST 40 HOUR rORECAST 72 HOUR FORECAST

ERRORS ERRORS ERRORS
IO,,D1AHR POSIT UIHO POITT WIND DST UID POSIT UI2 DST UWHO POSIT UIHD DST UID POSIT WIND DST UID
22148e 9. 130, IS 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. '3. 0.0 0.0 0. -8. 0. 0.0 ..0 0. -0. 0.
121406Z 7 135 15 0. 0.0 0. -0. 0. 0.0 e.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 ..0 0. -0. 0.
1214127 10.7 1354 IS 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0.
12141O7 11.2 133.9 25 0.0 0.0 0. -0. El. 0.0 0. 0 0. -A. e. 0.0 0.0 0. -0. 0. ft. 0 0.0 0. -0. 0.
121508Z 11.4 132.7 20 e.0 0.0 0. -0. 0. 0.0 0.0 0. -0. e. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0.

A 12150G2 11.7 131.5 25 0.0 0.0 0. -0. 0. C Q 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0.

A 121512Z 11.9 110.7 35 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0.
121510Z 12.1 129.9 40 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0.

0PIGOOZ 12.3 129.2 45 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 6.0 0. -0. 0.
12160GZ 12.7 128.5 50 12.8 120.5 40. 6. -10. 14.3 126.0 0. 96. 10. 15.6 123.7 45. 232. 10. 16.5 121.3 25. 374, -15.
12161W 13.1 120.0 50 13.2 122.9 40. 13. -10. 14.0 125.2 90. 149. I5. 15 2 122.0 50. 287. 10. 16.e 120.0 30. 442. -5.

- 5 127.0 50 13.4 127 6 bO. 13. 0. 11.9 123.7 50. 129. 15. IS.- 124 2 45. 233. 5. 17.0 122.1 25. 360. -20.
127? 45 13.0 127.1 50. 37. 5 15.4 225.5 50. 155. 15. 10,5 223.8 40 259. 0. 0.0 0.0 0. -0. 0.
_27.5 40 13.7 127.2 50. 18. 10. 25.0 125.9 0. 11S. 15. 11.5 124.1 40. 237. 0. 17.5 121.0 25. 433. -10.

-., 27.4 35 13.9 126.0 50. 42. lb. 15.2 123.4 50. 137. 10. 16.? 123.0 40. 246. 5. 0.0 0.0 0. -0. 0.
21.3 35 14.3 126.6 45. 6. 10. 16.0 124.9 40. 232. 0. 17.1 122 9 30. 322. -5. 0.9 A.0 0. -0. 0.

I 1 127.2 35 14.4 125.0 45. 101. 10. 15.8 124.3 45. 212. 5. 17.2 12Z.5 40. 37). 5. 0.0 0.0 0. -0 0.
, 127.0 35 13.7 127.0 45. 10. 10. 14.7 125.8 45. 94. 5. 25.? 124.5 40. 245. 5. 0.0 0.0 0. -0. 0.

- S 127.0 40 13.9 126.9 45. 20. 5. 15.2 125.5 45. 115. 10. 16.1 123.0 40. 296. 10. 0.0 0.0 0. -0. 0.

S I 123? 122.3 40 14.0 117.5 45. 21. 5. 16.1 120.3 40. 200. 5. 10.2 133.5 25. 493. 0. 0.0 0.0 0. -0. 0.
1219007 13.9 227.4 40 14.6 127.6 45. 43. ',. 16.3 122.0 40. 1:7. 5. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0.
121906 13.9 12.2 40 13.0 127.3 45. 0. 5. '4.8 126.7 35. 113. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0.. 0.
1219122 14.2 127.2 35 14.0 127.1 45. 13. 10. 14.7 126.5 35. 120. 5. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0.
121910Z 14.0 127.0 35 14.3 127. 40. 26. 5. 15.2 126.0 30. 272. 5. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0.

2-1220002 14.1 128.1 35 15.2 120.1 35 66. 0. 2A.2 127.0 25. 249. 5 0.0 0.0 0. -c. 0. 0.0 0.0 0. -0. 0.
1220060 !3.4 20.0 35 14.2 127.0 35. 49. 0. 0.0 0.0 0 -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0.
122012 12.9 127.7 30 14.4 127.6 35. 90. 5. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0.
122019 12.4 127.4 25 14.4 127.6 35. 120. 10. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 u.O 0. -0. 0.
1221002 12.0 127.0 20 It., 12 .0 25. 13. 5. 0 0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0.

ALL FORECASTS TYPHOONS Wt ILE OVER 35 KTS
2,R.1G 24-HR 49-H2 72-HR .JRHG 24-2R 48-HR 72-HR

AVG FORECAST POSIT ERROR 40. 146. 292. 402. 0. 0. 0. 0.
AVG RIGHT AGLE ERROR 21. 120. 262. 378. 0. U. 0. 0.
AVG INTENSITY MAGHITUDE ERROR 7. 0. 5. 10. 0. 0. 0. 0.
AVG INTENSITY SIAS S. 0. 4. -10. C. 0. 0. 0.
UMBER OF FORECASTS 20 16 11 4 0 0 0 0

DISTANCE TRAVELED BY STORM IS 987. HM

AVERAGE SPEED OF STORM IS 6. KOTS

TROPICAL STORM ED
FIX POSITIONS FOR CYCLONE HO. 28

SATELLITE FMES

FIX TIlE FIX
HO. 2Z) POSI120H 0CCRY DVORAY CODE SAIELLITE COIMETS SITE

1 140000 9.9N 220.OE PCH 0 TI.0/1.0 OTHER IltT 0S PGI,
2 140302 20.O0 131.:E 772 0 OTHER P72u
3 141200 0.05H 13b.4E P222 0 OTHER PGTU
4 14.609 11.30 234.5E P022 0 OTHER PTu
5 14210 I2.0H 134.2E PE7 0 O6HEP PG7u

142314 12.71 133.8E PCH 5 72.0/2.0 /DI 0'23Hk5 HOAA6 PGT
2 I5000 12.32 133.32 Pr" 3 OTHER PCI1'j

20 200300 23.09 133.0E P1t 0 OrHER PG:2u
9 1 1021 1I.124 129.2E PCH 6 40000 PGT,

10 291600 ,..SH 13 RE P72 O 2THER PG2.
II 0525 12.2H i2. IE PCh 5 TI.02.0 .",2.0/240RS HOA6 P.1
.2 160000 13.00t 229.0E P2 0 OTHER PSTS
13 I0900 13.4" 127.6E PCH 0 OTR PG'W
24 12 1200 13.51N 227.bE P2.22 1 OTHER PGTWII 1 100 13.64 127.3E PCH 0 OIHFR PSTU
I6 1,0400 23.7H 22.61 PCH 0 ATHER P
. 10010 13.0'1 127.21 PC 5 HO06 RJD2

29e 27090)0 24.00 .2.7E PC" 0 OPHEC PGTU
19 '71102 24.74 127.2F P22 5 '2000 P.1T

20 I21200 1.SN 12 .. 4E PC72 0 OTHER 0G0o

2: 121606 IJ.61t 125.9E P*.H 0 OTER P 612w
22 17110 14.34 120.3E PCH 0 OTHER P21U
27 17,340 14.6N 2b.7E "C 5 13.013.0 HOA6 IHIT 00S PGTU

I 212 250360 23.8N 127.0% P2. 0 0T2ER PGTtS
22 29204.5 13.7H 12T,.2E -4 5 O0G
26 101046 13.72 227.2E PCN S hOAA6 RJ41,
27 192P4G '4.Oi 127.06" PCH 9 llO 0 P412.T
28 2020a 23.7H 127.2F PCH OTHER PGTl
29 2426o 14.311 227.7E P22m 0 OTH.R PGI
30 20216O 2 .44 227.4E PCH 0 01HER LCC 25.4 127.5 PILU
31 20232J5 2.OH 27.0E PE0 5 12.0/3.0 422.0/24HRS 0006 P,11
3Z 2"- 0-700 2r.22 127.9E P70 0 OTHER POGT
;- 151023 ':.2; 127.31 P72 S 2OA6 PGW
1 1922223 15.814 127.1L P71 S OAA PP!,15 151200 14.701 :28.IE PCH P OTHER P r IU

3 192100 I 52H 29.PE Pa2l 0 0THER prTu
37 19301 2 12.8E P1t2 5 T2.0/2.0-/S2.0/24HRS HO06 P,.1I
30 267600 ,.C E PCH 0 OTHER PGTW
39 11092)0 . .3 20.130 PCH 0 OTHER PGT
.0 2I112 1,. T.. 120.61 P74 5 0o00 RPrO,
41 JI600 14.711 27.57 PC, 0 OTHER PGrul
12 202246 12.012 22G.6E CH 3 T,.2.0J1.0/2448RS HOAA LL EPOSED PGIU
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AIRCRAFT FIXES

FIX TIlE FIX FLT 706) CBS 05 AX-SFC-UD 1OX-FLT-IV.-UiV ACCRYY EYE EYE 0RIEN- EYE IEP (C) ffSH

NO. (2) POSITION LV. HGT FSLP VEL/BRG/NS DIR--%L/ORGRHG NAV/ET SHAPE DIA)V'ATION OUT, IN, fPf.ST fO.

I 250450 11.7 7 231.7E I5007T 1004 35 020 20 150 32 020 20 2 3 +25 +25 4*Z, 1
2 160320 12.6 128.9L ISOOFT 50 090 15 160 CC 090 25 A 5 423 +26 +26 28 2
3 16131$ 13.I 127.9E 700*l 3049 240 33 140 40 10 8 3
4 161610 13.0 127.8E 700*8 303V 020 50 3R 35 10 20 +12 +15 - 7 3
5 170316 13.5 127.4E OOB 3025 991 58 060 10 00b 33 350 IS J 2 +11 *15 +10 4
6 171341 13.3H 126.9E 700*8 3040 120 30 040 35 20 5 5
7 171550 23.59 127.3E 7008M 3032 992 35b 32 290 120 10 5 +13 *14 11 5
O 100304 13.: 127.26 70021 3024 992 35 320 75 020 52 330 200 W 3 +10 +14 10 r
9 1340 13.0fN 227.5E 70018 3037 340 40 240 30 5 5 7
20 182555 13.911 127.5E 700M 3016 991 230 50 200 i5 5 8 +1- +14 +10 7
I2 190245 13.90 127,4 780M 3029 40 300 10 000 32 300 10 3 2 A
12 190413 13.94 127.3E 700*8 3021 909 35 090 25 200 32 100 1 3 2 .3 +17 *20 a
13 29234a 14.2H 127.2E 7008 3064 00 22 020 30 18 S 9
14 191543 14.5 227.76 7002-9 3067 999 230 32 150 50 6 5 +12 +12 +12 9
15 200230 13.9H 128.26 700*8 3066 45 300 50 020 20 320 40 20 b 20
16 200420 24.09 120.06 700M 3065 935 40 15n 10 270 23 160 90 10 5 +15 417 +11 2o

1SYNOPTIC FIXES

FIX Tilt FIX INTENSITY NEAREST

40. (2) POSITION ESTI*TE DATA (Hl) COMENTS

1 160000 12.01 129.06 20 60

2 1200 123.5H 127.06 35 20
3 210000 '2.00 127.0E 30 30

NOTICE - 1HE ASTERISKS (*2 INDICATE FIXES UNREPRESENTATIVE AND NOT USED FOR BEST RACK PURPOSES.
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- 2. NORTH INDIAN OCEAN TROPICAL CYCLONES

TROPICAL CYCLONE 23-80

BEST TRACK DATA

BEST TRACK LARIHG 24 HOUR FORECAST 48 HOUR FORECAST 72 HOUR FORECAST

ERRORS ERRORS ERRORS
-'O/DA/4R POSIT UIND POSIT UIHD DST UIND POSIT UIHD DST *UINO POSIT UIHD DST UIKO POSIT UINO DST UIND
1112022 11.3 74.8 20 8.0 0.8 0. -8. 8. 0.8 0.0 B. -0. e. 8.0 8.8 B. -B. B. e.0 0.0 8. -B. B.
11128O2 11.3 74.1 2B 0.3 B.0 0. -0. 0. 8.8 B.B B. -0. 0. B.B 8.0 B. -8. 8. B.0 B.B B. -0. B.
S111214Z 11.4 73.5 25 8.0 8.0 B. -B. B. 8.8 B.8 4. -B. S. B.B B.O B. -8. 0. 0.0 B.B 0. -B. 6.
.11220Z 11.5 73.0 2S B.0 8.0 0. -B. 0. 0.0 0.B B. -0. 0. 8.8 B.0 B. -A. 8. 0.0 0.0 . -B. 8.
111302Z 11.6 72.5 2S B.B 8.0 8. -8. B. U. B.B B. -B. 0. 0.B 8.8 B. -8. 8. 8.0 8.8 B. -0. B.
111308Z 1l1. 72.0 25 8.0 0.0 B. -0. 0. B.8 B. B. -0. B. O. 0.0 0. -B. B. 61.B 0.0 B. -B. 0.
1113142 12.0 71.6 25 0.0 8 0. -0. 0. 8.0 8.8 8. -8. 8. 8.8 8.0 8. -8. 0. 8.8 8.8 0. -s. B.
111320Z 12.2 71.4 25 8.0 8.8 8. -8. 8. 8.8 8.8 8. -8. B. 8.8 8.8 8. -8. 8. 8.8 8.8 8. a. .
111402Z 12.4 71.1 25 0.0 8.8 8, -8, 8. 8.8 8.8 8. -8. 8. 8.80O.8 8. -8. 8. P.8 8.8 8. -a. a.
111408Z 12.7 78.8 25 0.0 8.8 8. -8. 8. 8.8 8.8 8. -8. a. 8.8 8.8 8. -B. 8. b., .. . -a. B.
1114142 12.9 78.6 25 8. 8.8 V. -8. 0. 8.8 O8 8. -0. 8. 8.0 0.0 B. -a. a. 8.8 8.9 8. -8. S.

,11,42OZ 13.3 70.3 25 8.8 8.0 8. -0. 8. 8.8 0.8 8. -0. 8. 8.8 8.8 8. -0. 0. 8.8 8.0 8. -0. B.
1115022 13.5 6S.9 38 8.8 0.0 8. -0. B. 8.8 8.8 a. -0. 8. 8.8 8.8 0. -a. 8. 8.0 8.8 B. -e- 8.
"115082 13.7 69.7 30 0. e.8 8. -8. 0. 8.0 0.8 0. -8. 8. 8.8 8.8 0. -8. a. 8.8 8.8 0. -8. B.
I11S147 14.1 69.5 38 0,8 8.0 8. -0. 8. 8.8 O.8 0. -0. 8. 8.8 0.0 B. -0. 0. 8.8 8.8 8. -0. 8.
111528Z 14.4 69.1 30 00 8.0 8. -0. 0. 8.8 0.0 0. -0. 8. 0.0 0.0 0. -0. 0. 0.0 0.0 8. -0. 2.
111682Z 14.7 68.7 30 8.0 0.0 . -8. 0. 0.8 8.0 8. -0. 8. 8.8 8.0 8. -j, 0. 0.0 0.8 0. -0. 0.
11168Z 14.9 60.4 30 8.0 8.8 0. -B. 8. 8.8 0.8 8. -0. 8. 0.0 0.0 8. -0. 0. 8.8 8.8 8. -0. 8.
111614Z IS.8 68.0 30 8.0 0.0 8. -0. 8. 8.0 0.0 0. -B. 0 . 8.8 0.8 0. -8. 0. 0.0 0.0 0. -8. 0.
111620Z 15.2 67.6 38 8.8 0.0 0. -0. 0. 8. 8.8 8. -0. 8. e.0 8 . 6 8. -8. 8. O.8 0.8 6. -8. S.
1117822 1S.4 67.1 35 8.0 8.0 0. -8. 8. 0.0 0.0 8 -8. 8. .0 8.8 8. -8. 0. 8.8 8.e 8. -8. e.
1117002 16.1 66.7 35 0. 8.8 0. -0. 8. 8.8 8.0 8. -0. a. 8.8 8.8 8. -. 8. 8.0 8.8 8. -a. c.
1117142 16.9 66.8 35 15.9 66.4 35. 64. 8. 17.0 65.1 40. 220. 1. 8.8 8.8 8. -0. 0. 8.8 8.8 8. -a. 8.
11172qZ 17.6 67.2 35 17.3 6;.4 35. 21. 0. 19.1 69.8 35. 4S. 1B. 0.8 0.0 8. -8. 0. 8.8 0.8 0. -8. 8.
111882Z 18.2 6?.6 35 17.0 67.9 35. 29. 8. 17.8 67.9 30. 169. 1B. 8.8 0.0 8. -0. 8. 8.8 8.8 8. -0. 8.
1118082 18.7 68.2 38 18.1 68.4 35. 38. 5. 19.8 71.2 38. 46. 1B. 8.8 8.8 8. -0. 8. 8.8 e. 8. -0. 8.
111814Z 19.2 68.? 38 19.2 68.8 30. 6. 0. 8.8 8.8 8. -8. 0. 8.0 0.8 8. -0. 0. 8.8 0.0 S. -8. 8.
1118282 19.6 69.2 25 19. 69.4 38. 16. 5. 0.0 8.8 0. -8. 8. 0,8 8.0 8. -8. 8. 0. 8.8 8. -0. 2.
111982Z 19.9 69.9 28 20.0 69.8 25. 8. S. 8.8 8.8 B. -8. U. 8.0 8.8 8. -8. 0. 8.8 8.8 0. -8. S.
1119882 20.4 ?8.? 20 28.3 70.7 28. 6. 0. 0.8 0.8 8. -0. P. 8.8 0.0 8. -0. a. 8.8 8.8 8. -8. 0.

ALL FORECASTS TYPHOONS U ILE OVER 35 KTS
IANG 24-HR 48-HR 72-14R IRKG 24-HR 48-HR 72-HR

AVG FORECAST POSIT ERROR 24. 128. 8. 8. 0. 8. 8. 8.
AVG RIGHT ANGLE ERROR 16. 66. 0. 0. 8. 0. 0. 8.
AVG INTENSITY MGNITUOE ERROR 2. 18 8. 8. 8. 0. 8. a.
AVG INTEN$ITY BIAS 2. to. 8. 0. 8. 8. 0. 8.
HIMBER OFF ORECASTS 8 4 8 B B B B 0

DISTANCE TRAVELED BY STORM IS 940. 16

AVERAGE SPEED OF STORM IS S. KHOTS

TC23-88
FIX POSITIONS FOR CYCLONE HO. 23

ATELLITE FIXES

FIX TIME FIX
HO. (Z) POSITION ACCRY DVORAK CODE SATELLITE COMMENTS SITE

I '28311 1.I7H 74.7E PEAl S T'.812.3 HORA6 IHIT OBS KG.Ir
2 138248 1N. 72.2E KLH 5 TI.5'l.5 iLV.S/24HRS HOR KGUC
3 148407 13.7H 60.If PCt '1 TI.5'l.5 /S.8/24HRS HORA6 KGIk
4 141585 12.6H 78.4E PCH 6 HOAB KGLC
5 I5034S 13.SX 69.9E PLN 6 T2.4,.0 /0.5/24HS HOAA6 KGUX
6 151443 14.OM 69.,." PC ' 5 KOAA6 YGIC
7 160322 14.8H 611.VI PCH 5 T2.0'.e /O.-'/24HRS HOBA6 KGLC
8 161428 15.!H 69.11E FE 6 HOA6 KGCL
9 170300 15.S 67.14

"  
PCh 5 T2.".2.5 .'5B.S,24HRS HOBB6 KJl1

lB 171539 17.eH 67.2E PEN 6 HOARS KGUW
II 188418 I8.SN 67.5E PEN 6 TI.5/2.5 AII./24HRS HORAS KGLC
12 .81516 18 94 68.GE PCH 6 1A086 1(GAW:

HOTICE - THE ASTERISKS 1., INDICATE FIxES I REPRESEHTATIVE AHD HOT USED FOR BEST TRCK P S.
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TROPICAL CYCLONE 27-80

BEST TRACK DATA

BEST 1202 2XL04211G 24 mm rOREC T 40 H3U0 rI0TCAST 72 HO0P FORECAST
ErRORG EROS'q PCPORS

PD2/2A ,.'! I'g0T UWtND POtSIT LIN1D DST UIID POSIT W|IND DST WIND PO3IT UWND DST WIN2D POSIT 2IHD DST WIND
1. .9. 92.0 25 0.0 0.0 Lt. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -0. 0.
2M01.' 09 92.9 25 1.0 0.0 It. -0. 0. A.f 0.0 0. -0. 0. 0.0 0.0 U. -0. 0. 0. 0.0 0. -0. 0.

!'IOZVZ 9.1 93.4 25 0.0 0.0 0. -0. 0. 0.0 1.0 0. -0. 0. 0.0 0.0 0. -0. 1. O.0 0.0 0. -0. i2
211 27 .5 ".'3.5 20 0.11 1.0 0. -0. 0. 0.0 0.0 0. -0. 0. 0.0 0.12 0. -0. 0. 0.0 0.0 U. -0. 0. I
21212 2'.7 4.2 20 0.t 1.11 0. -0 41. 0 0 0 -0. 0. . 0. . . 0. 0.0 0.0 0. -0. 0.
292222 .7 2.0 2 0.0 0).0 0. -0. 0. 0.0 .0 0. -0. 0. 00 .' 0. - 0 0.0 0.0 a. -0. 0.
1?1I1I2Z 9.1 -2.5 n2 it .0 It.0 0. -9. 0. 0.0 0.0 A2. -0. 0. 0.0 1.0 V. -0. 0. 0.0 0.0 0. -0. 0.
I19I2.0z 9.42 92.0 25 0.0 04. 0 0. -0. v. 0.0 0.0 0. -0. 0. 0.0 0.0 0. -p. 0. 0.0 0.0 0. -0. 1.
I221llZ 190.2 "2.0 25 0.11 . 0 0. -0. 0. 0.0 0.0 0. -0. 0. 0t. 0 0.0 0. -0. 0. U.0 U.0 A. -0. 0.

2141, 20. 0) 91.0 20, 11.0 . 0. -0. 0. 0.0 0.0 0. -0. 0. 0.10 0.0 0. -0. 0. 0.0 0.0 0. -0. 0.
2 210. 112.1 92. 2 25 ('.0 0.1, 0. -0. U. 0.0 11.0 I0. -0. 0t. 0.0 0.0 0. -0. 0. 0.0 U.U 0. -0. 0.
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~SYNOPTIC FXES

FIX TIt FIX INTENSITY NEAREST

HO. () POSITION ESTIME DATA (H"t) COit'HiS

;'1288 B.e" 81,BE 25 38

[ ~~75 ; IBae ;.S ;;E 20 30

NOTICE - THE ASTERISKS (H) INDICATE F145 UNREPRESENTATIVE AND NOT USED FOR BEST TRACK PURPOSES.
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APPENDIXI

CONTRACTIONS

ACCRY Accuracy LVL Level

ACFT Aircraft M Meter(s)

ADP Automatic Data Processing M/SEC Meters per Second
X Maximu

AIREP Aircraft Weather Report(s)
(Commercial and Military) MB Millibar(s)

ANT Antenna MET Meteorological

APT Automatic Picture Transmission MIN Minimum

ARWO Aerial Reconnaissance Weather MSN Mibsionj ~~~officerMS Miso

ATT Attenuation NAV Navigational

AVG Average NAVPGSCOL Naval Potgraduate School

AWN Automated Weather Network NEDN Naval Environmental Data Network

BRG NEDS Naval Environmental Display
ernStation

CDO Central Dense Overcast NEPRF Naval Environmental Prediction

CI Current Intensity Research Facility

LD luNESS National Environmental Satellite|CLD Cloud- i Service

CLSD Closed NET Near Equatorial Trough

CNTR Center NM Nautical Mile(s)

CPA Closest Point of Approach Nb Not Observed

DEG Degree(s) NOAA National Oceanic and Atmospheric

DIAM Diameter Administration

DIR Direction NRL Naval Research L ooratory
S iNTCC Naval Telecommunications Center U

DMSP Defense Meteorological Satellite
Program OBS Observation(s)

ELEV Elevation PCN Position Code Number

FLT Flight PSBL Possible

GOES Geostationary Operational PTLY Partly
Environmental Satellite

ii HGT Height QUAD Quadrant

HPAC Mean of XTRP and Climatology RADOB Radar Observation

MR Hour~s) RECON Reconnaissance

Heavy RNG Range

SAT Satellite
ICAO International Civil Aviation

Organization SFC Surface

IR Infrared SLP(MSLP) Sea Level Pressure (Minimum Sea
Level Pressure)

KM Kilometer(s)
SPOL Spiral Overlay

SKT Knot(s)
NT Lot-) cSRP Selective Reconnaissance Program4LLCC Low-Level Circulation Center
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AN-im

STRY Stationary

SST sea Surface Temperature

IST Super Typhoon

ITC Tropical Cyclone

TCARC Tropical Cyclone Aircraft Recon-

naissance Coordinator

TCFA Tropical Cyclone Formation Alert

TCM Tropical Cyclone Model

ITD Tropical Depression

TIROS Television Infrared Observation
Satellite

TS Tropical Storm

TY Typhoon

V7T Tropical tipper Tropospheric Trough

Ff (Sadler, 1976)

VEL velocity

vis Visual

VSBL visible

WESTPAC Western Pacific

4WM0 world Meteorological Organization

WN) Wind

WtS Weather Reconnaissance Squadron

=XTRP 
Extrapolation

Z Zulu Tim (Greenwich man time)
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APPENDIX 31

DEFINITlONS

BEST TRACK - A subjectively smoothed SUPER TYPI|OON/IIURRICANE A typhoon/
path, versus a precise and very erratic hurricane in which the maximum sustained
fix-to-fix path, used to represent tropical surface wind (1-minute mean) is 130 kt (67
cyclone movement. m/sec) or greater.

CENTER - The axis or pivot of a tropi- TROPICAL CYCLONE - A non-frontal low
cal cyclone. Usually determined by wind, pressure system of synoptic scale develop-
temperature, and/or pressure distribution. ing over tropical or subtropical waters and

having a definite organized circulation.
CYCLONE - A closed atmospheric circu-

lation rotating about an area of low pressure TROPICAL CYCLONE AIRCU rT RECONNAIS-
(counterclockwise in the northern hemisphere) SANCE COORDINATOR - A CINCPACAF representa-

tive designated to levy tropical cyclone
EPIIEMERIS - Position of a body (satel- aircraft weather reconnaissance require-

lite) in space as a function of time. when ments on reconnaissance units within a
no geographical reference is available for designated area of the PACOM and to func-
gridding satellite imagery, then only ephem- tion as coordinator between CINCPACAF,
eris gridding is possible which is solely aircraft weather reconnaissance units, and
based on the theoretical satellite position the appropriate typhoon/hurricane warning
and is susceptible to errors from satellite center.
pitch, orbit eccentricity, and the non-
spherical earth. TROPICAL DEPRESSION - A tropical cy-

clone in which the maximum sustained surface
EXPLOSIVE DEEPENING - A decrease in the wind (1-minute mean) is 33 kt (17 m/sec) or

minimum sea level pressure of a tropical cy- less.
clone of 2.5 mb/hr for 12 hrs or 5.0 mb/hr TROPICAL DISTURBANCE - A discrete sys-
for 6 hrs (ATR 1971).TRPCLDSU1AE-AdiceeysS for ____TR__ 971).tem of apparently organized convection--

EXTRATROPICAL - A term used in warnings generally 100 to 300 nm (185-556 km) in
and tropical summaries to indicate that a dianute-originating in the tropics or sub-
cyclone has lost its "tropical" characteris- tropics having a non-frontal migratory
tics. The term implies both poleward dis- character, and having maintained its iden-
placement from the tropics and the conversion tity for 24 hours or more. It may or may
of the cyclone's primary energy sources from not be associated with a detectable per-' release of latent heat of condensation to turbation of the wind field. As such, it
baroclinic processes. The term carries no is the basic generic designation which, in
implications as to strength or size, successive stages of intensification, mayipi n abe classified as a tropical depression,

EYE - "EYE" is used to describe the cen- tropicai storm or typhoon (hurricane).
tral area of a tropical cyclone when it is
more than half surrounded by wall cloud. TROPICAL STORM - A tropical cyclone

with maximum sustained surface winds (R-

FUJIWNARA EFFECT - An interaction in minute mean) in the range of 34 to 63 kt
which tropical cyclones within about 700 nm (17-32 m/soc) inclusive.
(1296 km) of each other begin to rotate cy-
clonically about one another. %hen intense TROPICAL UPPER TROPOSPHERIC TROUGH
tropical cyclones are within about 400 nm (TUTT)- -A dominant climatological system,
1741 kn) of each other, they may also begin and a daily synoptic feature, of the summer
to move closer to each other, season over the tropical North Atlantic,

North Pacific and South Pacific Oceans,"
MAXIMUM SUSTAINED WIND - Maximum surface from Sadler, James C., Feb. 1976: Tropical

wind speed averaged over a 1-minute period of Cyclone Initiation by the Tropical Upper
time. Peak gusts over water average 20 to 25 Tropospheric Trough (NAVENVPREDRSC1FAC
percent higher than sustained wind. Technical Paper No. 2-76)

N RAPID DEEPENING - A decrease in the in- TYPIIOON/IIURRICANE - A tropical cycloneimum sea level pressue Of a tropical cyclone in which the maximum sustained surface wind

of 1.25 mb/hr for 24 hrs (ATR 1971). (1-minute mean) is 64 kt (33 m!sec) or
greater. West of 180 degrees longitude

RECURVATURE - The turning of a tropical they are called typhoons and east of 180
cyclone from an initial path toward the west degrees they are called hurricanes. For-
or northwest to the north then northeast. eiqn governments use these or other terms

for tropical cyclones and may apply dif-

SIGNIFICANT TROPICAL CYCLONE - A tropi- ferent intensity criteria.
cal cyclone becomes significant" with the
issuance of the first numbered warning by WALL CLOUD - An organized band of cumu-I the responsible warning agency. litorm cloTudsi nediately surrounding the

central area of a tropical cyclone. The
%iall cloud may entirely enclose the eye
or only partially surround the center.
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I APPENDIX 31

PAST ANNUAL TYPHOON REPORTS

Copies of past Annual Typhoon Reports
can be obtained through the:

National Technical Information Service
5285 Port Royal Road

Springfield, Virginia 22161

Refer to the following acquisition numbers
when ordering:

YEAR ACQUISITION NUMBDER

1959 AD 786147
1960 AD 786148
1961 Ad 786149
1962 AD 786128
1963 AD 766209

j1964 AD 786209
1965 AD 786210
1966 AD 785891

I I1967 AD 785344
1968 AD 7852S1
1969 AD 785178
1970 AD 785252
1971 AD 768333
1972 AD 768334
1973 AD 777-93
1974 AD 010271
1975 AD A023601
1976 AD) A038484
1977 A!, A055512
1978 AD A070904

11979 AD A082071
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