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FOREWORD

The Annual Typhoon Report is prepared
by the staff of the Joint Typhoon Warning
Center (JTWC). JTWC is a combined USAF/USN
entity operating under the command of the
U. S. Fleet Weather Central, Guam. The
senior Air Force officer 3551§nEu is desig-
nated as Director, JTWC and is responsible

to the Commanding Officer, U. S. Fleet

[ % PRI VU DI i Ear dha Amararian of
Weather Central, Guam for the operacidn oI

the JTWC. The senior Naval Officer of the
JTWC is designated as the Deputy Director/
N dhd A ALE] rvm Mo TIMIN rrac ocdaho
VPCLG\_J.UJLD ULLAIUTL » 11T VAL Wwao Touwvaw

lished by CINCPACFLT message 280208Z April
1959 when directed by CINCPAC message

223N2227 aArxxr»il 1GRO
LSVLI36 naPYlii 1537,

by the CINCPACINST 3140.1 (series).

T+g goneration is gni
Its cperaticn 1is gul

+
the respon51b
to:

1. Provide continuous meteoro-
logical watch of all tropical activity north

of the eguator, west of the Date Line, angd

L€ egqualior, westT oI Tnie laTe Linge, anc

east of the African coast (JTWC area of
responsibility) for potential tropical

cvclone develonment:

cycaiene aeveiopmen |5+

Provide warnings for all sig-

nificant tropical cyclones in the assigned
area of responsibility;
3. Determine tronical cvclone

ldetermine Tropl

a
reconnaissance requirements and assign
priorities;

4. Conduct an annual post
analysis of all tropical cyclones occurring
within the area north of the equator from
140W west to the coast of Africa and prepare
an Annual Typhoon Report for issuance to
interested agencies; and

iii

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

~alY o
cagaie.

In the event of incapacitation of the
TMLISS o AT h e b I TOXIAN e
U1IWL, TIE alteIliate (AJLIwL)] asSsumes the
responsibility for the issuance of warnings.
The U. S. Fleet Weather Central, Pearl

Harhay, Hawsii i decians o A TeTIes
HalpoL, nawall is ucb;gudl_cu as the HAJLAC .

Assistance in determining trop1cal cyclone
reconnalssance xeqnlrements and in obtalnlng
ice data is PrGVlueu uy Detach~

ther Wing, Hickam AFB, Hawaii.

~ ity ~nnao nter
¢ Hurricane Ce e,

is manned by per-
sonnel of the tional Weather Service

who are resnonsibl or the igsuance of

who esponsible for the issuance of
tropical cyclone warnings for the area north
of the equator from the Date Line east to
140W. Warnings are issued in coordination

warning lssued cooraination

with the U. S. Fleet Weather Central, Pearl
Harbor and Detachment 4, 1WW, Hickam AFB,
Hawaii. Post analysis information is for-

warded to the JTWC for inclusion in the
Annual Typhoon Report.

e b

L ot o=
(CPHC) Honolulu,
u.

D+
-+

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

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

1. GENERAL
Routine services provided by the Joint
Typhoon Warning Center (JTWC) include the
follow1ng (l) Significant Tropical Weather
Advisories issued daily describing all tropi-
cal disturbances and their potential for
further development; (2) Troplcal Cyclone
Formation Alerts issued whenever interpre-
tation of satellite and synoptic data indi-
cates likely formation of a sxgnlflcant
tropical cyclone; (3) Tropical Cyclone Warn~
ings issued four times daily whenever a
significant tropical cyclone exists in the
Pacific area; (4) Tropical Cyclone Warnings
issued twice daily whenever a significant
tropical cyclone exists in the Indian Ocean
area; and (5) Prognostic Reasoning messages
issued twice daily for tropical storms and

typhoons in the Pacific area.

JTWC responds to changing requirements
of activities serviced. Therefore, contents
of routine services are subject to change
from year to year usually as a result of the
Annual 7Tropical Cyclone Conference delibera-
tions.

2. DATA SOURCES
a. COMPUTER PRODUCTS :

FLEWEACEN Guam provides computerized
meteorological/oceanographic products for
JTWC. In addition, the standard array of
synoptic-scale computer analyses and prog-
nostic charts are available from the Fleet
Numerical Weather Central (FNWC) at Monterey,
California via FLEWEACEN Guam. With the
installation of the Naval Environmental Dis-
play Stations (NEDS) during 1978, JTWC now
has very timely access to necessary FNWC
products and is thereby able to more effi-~
ciently and effectively use this information.

b. CONVENTIONAL DATA:

Conventional meteorological data are
defined as surface and upper air observations
from island, ship and land stations plus
weather observations from commercial and
military aircraft (AIREPS). Computer plotted
charts of 0000%Z and 1200Z conventional data
are produced daily for the surface, 700 mb,
and 500 mb levels. A chart of upper air data
is produced which utilizes 200 mb rawinsonde
data and AIREPS above 29,000 ft within 6
hours of the 00002 and 1200Z synoptic times.

c. AIRCRAFT RECONNAISSANCE:

Aircraft weather reconnaissance data
are invaluable in the positioning of centers
of developing systems and essential for the
accurate determination of the eye/center,
maximum intensity, minimum sea~level pressure
and radius of sig¢gnificant winds exhibited by
tropical cyclones. Winds and pressure height
data at the 500 and/or 400 mb level, provided
by reconnaissance aircraft while enroute to,
or returning from, fix missions, is also used

to supplement the sparse data in the tropics
and subtropics. These data are plotted on
large-scale .sectional charts for each mission
flown. A comprehensive discussion of air-
craft weather reconnaissance is presented in
Chapter II.

d. SATELLITE

(DMSP) and the Natlonal Oceanlc and Atmo-
spheric Administration played a major role
in the early detection ang tracking of tropi-

cal cyclones in 1978. A discussion of this
role is presented in Chapter II.

e. RADAR RECONNAISSANCE:

During 1978, as in recent vears, land
radar coveradge was utilized extensively when
available. Once a storm moved within the
range of a land radar site, reports were
usually received hourly. Use of radar during
1978 is discussed in Chapter II.

3. COMMUNICATIONS

a. FWC/JTWC currently has access to
tfiree primary communications circuits:

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

(2) The Air Force Automated Weather
Network (AWN) provides necessary weather data
to JTWC through a dedicated circuit from the
automated digital weather switch (ADWS) at
Clark AB, R.P. The ADWS selects and routes
the large volume of meteorological -reports
necessary to satisfy JTWC requirements for
the right data at the right time. Weather
bulletins prepared by JTWC are inserted into
the AWN circuit by the Nimitz Hill Naval

Telecommunications Center (NTCC) of the Naval

Communications Area Master Station Western
Pacific.

{3) The Naval Environmental Data
Network (NEDN) connects FWC/JTWC with the
computers at FNWC. FWC/JTWC is able to both
receive environmental data from FRWC and
access the computers directly to run various
programs.

b. Besides providing forecasters with
the ability to rapidly access computer pro-
ducts from FNWC, the NEDS has recently be-
come the backbone of the FWC/JTWC communi-
cations system. AUTODIN and AWN message
tapes can now be prepared by JTWC personnel
for insertion into the AUTODIN and AWN cir-
cuits by the NTCC. The NEDS is also used by
the TDO to reguest forecast aids which are



processed by the computers at FNWC Monterey
and transmitted back to the TDO over the NEDN

4. ANALYSES

A composite surface/gradient level (3000
ft) manual analysis is accomplished on the
00007 and 1200% conventional data An::'lvc1=

of the wind field using streamlines is
stressed for tropical and subtropical
regions. Analysis of the pressure field is

stressed for hlgher latitudes and in the
vicinity of tropical cyclones.

Manual analysis of the 500 mb level is
accomplished on the 0000Z and 1200Z cata
when significant tropical cyclones exist.
Although the analysis of the 500 mb height
field is stressed, analysis of the wind
field to more clearly delineate steering
currents is equally important.

A composite upper-tropospheric manual
analysis, utilizing rawinsonde data from
300 mb through 100 mb, wind directions ex-
tracted from satellite data by Det 1, 1WW
and AIREPS (plus or minus 6 hours) at or
above 29,000 feet is accomplished on 0000%
and 1200Z data daily. Wind and height data
are used to arrive at a representative
analysis of tropical cyclone outflow pat-
terns, of steering currents and of areas
that may indicate tropical cyclone intensity
change. All charts are hand plotted over
areas of troplcal cyclone activity, to pro-
vide all available data as soon as possible,
to the TDO, and then augmerited by the com-
puter plotted charts for the final analyses.

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

activity.
5. FORECAST AIDS
a. CLIMATOLOGY:

Climatological publications utilized
during the 1978 typhoon season include pre-
vious JTWC Annual Typhoon Reports and clima-
tic publications from Fleet Weather Central,
Guam, Naval Environmental Prediction
Research Facility, Naval Postgraduate School,
Air Weather Service, First Weather Wing and
Chanute Technical Training Center, plus
publications from other Air Force and Navy
activities, various universities and foreign
countries.

b. OBJECTIVE TECHNIQUES:
The following objective technigues
were employed in tropical cyclone forecasting

during 1978. A description of these tech-
nigues is presented in Chapter IV.

(1) TYFN75
(2) MOHATT 700/500

(3) FCSTINST

J
-
=1

sav n Qv
\4) 1< N Ba
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CLIMATOLOGY

HPAC

~
(=2
~—

(7) TROPICAL CYCLONE MODEL

(8) INJAH74
(9} CyCcLors
(10) TYAN78B
6. FORECASTING PROCEDURES
a. INITIALIZATION:

In the preparation of each warning,
the actual surface location (fix) of the
tropical cyclone eye/center just prior to
(within three hours of) warning time is of
prime importance. JTWC uses the Selective
Reconnaissance Program (SRP) to levy an
optimum mix of aircraft, satellite and radar
resources to obtain fix information. When
tropical cyclones are either poorly defined
or the actual surface location cannot be
determined, or when conflicting fix infor-
mation is received, the “best estimate" of
the surface location is subjectively deter-
mined from the analysis of all available
data. If fix data is not available due to
reconnaissance platform malfunctions or
communication problems, synoptlc data or
extrapcu.atlon from previous IlXeS 15 usea.
The initial forecast (warning time) position
is then obtained by extrapolation using the
current fix and a "best track" of the
cyclone movement to date.

h MRANY BPADERN
O + A ) <.

An initial forecast track is devel-
n +

oned bhased o he previouns forecast and the

Oped [ased ©on tig previous Iorecast an tne

objective techniques. This initial track
is subjectively modified based on the fol-
lowing:

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

(2) Determination of steering level
is partly influenced by maturity and verti-
cal extent of the system. For mature storms
located south of the 500 mb subtropical
ridge, forecast changes in speed of movement
are closely correlated with forecast changes
in the intensity of the ridge. When steer-
ing currents are very weak, the tendency for

“eyclones to move northward due to their in-

ternal forces is an important consideration.

(3) The proximity of the tropical
cyclone to other tropical cyclones is
evaluated to determine if there is a pOSSl-
bili ty of an iwhara interaction.

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

techniques and climatology.



(5} A final check is made against
climatology to ascertain the likelihood of
the forecast track. 1If the forecast devi-
ates greatly from cllmatoloqy, the forecast
rationale is reappraised and the track ad-
justed as necessary. -

Cc. INTENSITY FORECASTING:

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

Tropical cyclone warnings are issued when
a definite closed circulation is evident and
maximum sustained wind speeds are forecast to
increase to 34 or more knots within 48 hours,
or the cyclone is in such a position that
life or property may be endangered within 72
hours. Warnings are also issued in other
situations i1f it is determined that there is
a need to alert military and civil interests
to conditions which may become hazardous in
a short period of time. Each tropical
cyclone warning is numbered sequentially and
includes the initial warning time, -eye/cen-
ter position, intensity, the radial extent
of 30, 50 and 100 knot surface winds (when
appllcable), the levied fix p051t10n used,
x.h: LJIDLGLILGIIUU\JD byccu a.uu u.LLt:LCLUH UL
movement of the cyclone's surface center at
warning time and the forecast information.
The forecast intervals for all tropical
cyclones, regardless of intensity, are 12-,
24-, 48~ and 72-hr. Warnings within the JTWC

ia A reidthip devsn hosiaes
PalelC area are issued within two hours of

0000z, 0600Z, 1200Z and 18002 with the con-~
straint that two consecutive warnings may
not be more than seven hours apart. Warni
in the JTWC Indian Ocean area are issued
within two hours of 0800Z and 20002 with the

constraint that twe consecutive warnings may

not be more than fourteen hours apart. These
variable warning times allow for maximum_ use_
of all available re issance nlatforms

more eFfectlvely distribute the workload in
multiple storm situations. If warnings are
discontinued and a cyclone reintensifies,

warnings are numbered consecutively from the
last warning issued. Warning forecast posi-

[ P
i

1gS

tions are verified against the corresponding
post analysis "best track" positions. A
summary of the verification results for 1978
is presented in Chapter IV.

8. PROGN

TIC REASONING MESSAGE

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

For the 1978 geason, JTWC included con-
fidence statements for the 24 and 48-hour
forecasts. The confidence values were per-
centage probabilities that the 24-hour fore-
cast position error would be less than 100 nm
and less than 150 nm, respectively; and that
the 48-hour error would be less than 200 nm
and less than 300 nm, respectively These
probabilities were based on objective data
from error analysis studies of past cyclones
and were a function of latitude, longitude,
storm .Lul.cua.u_y and organlzaclon. The fore-
caster added objective data based on the
subjective analysis of the synoptic situation
and the variance in the objective forecast
aids available.
rognostic LcaaUuLuq information appli-
cable to all customers is provided in the
remarks section of warnlngs when 51gn1f1cant

rhan~ano oo R N L

cnanges are made or when deemed ayp:.uyx.;.au:.

o n3

s plain language message, summarizing
icant weather in the entire JTWC area
of responsibility, is issued by 0600z daily.
It contains a detailed, non-technical des-

Pot N - a1l A odiiva
cription of all significant tropical distur-

bances and the JTWC evaluation of potential
for significant tropical cyclone development

thin the 24-hour forecast pnrwnﬂ

wi
wigtnin Iorecast

10. TROPICAL CYCLONE FORMATION ALERT

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



CHAPTER Il — RECONNAISSANCE & FIXES

1. GENERAL

The Joint Typhoon Warning Center depends
on reconnaissance to provide necessary,
accurate and timely meteorological infor-
mation in support of each warning. JTWC
relies primarily on three sources of recon-
naissance: aircraft, satellite and radar.
Optimum utilization of all available recon-
naissance resources is obtained through use
of the Selective Reconnaissance Program (SRP)
whereby various factors are considered in
selecting a specific reconnaissance platform
for each warning. These factors include:
cyclone location and intensity, reconnais-
sance platform capabilities and limitations,
and the cyclone's threat to life/property
afloat and ashore. A summary of reconnais-
sance fixes received during 1978 is included
in Section 6.

2. RECONNAISSANCE AVAILABILITY
a. Aircraft:

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

and Tarndocthaced vadar v amcamdam s o2l
and land=based radar in accordance with

CINCPACINST 3140.1M:

+

flights and vor

" I ie
(1) I Tive +1igncs ana vor-—

{1) Investigat
tex or center fixes for each scheduled warn-
ing in the Facific area of responsxblllty.
One aircraft fix per day of each Cyc;uue of
tropical storm or typhoon intensity is con-

sidered the minimum desired.

(2) Center or vortex fixes for each
scheduled warning of tropical cyclones in the

Indian QOcean Area of responsibility

....... cean Are IresplonsSil1.13%yY.

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

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

by the Aerial Reconnaissance Weather Officers

(ARWO) and dropsonde operators of Detachment
4, Hq AWS who crew with the 54th. These data
provide the Typhoon Duty Officer (TDO) indi-
cations of changing cyclone characteristics,
radius of cyclone associated winds, and ~
present cyclone position and intensity.
Another important aspect of this data is its
availability for research in tropical cyclone
analysis and forecasting. Aircraf \ Tecon-
naissance will become even more|j mgortant in
years to come when hlgh—resolutiﬁp‘tropical
cyclone dynamic steering programs will re-
quire a dense input of wind and temperature
data.

b. Satellite

Satellite fixes from USAF ground
sites and USN ships provide day and night
coverage in the JTWC area of respon31nlilty.
Interpretation of this satellite imagery pro-
vides cyclone positions and estimates of
storm intensities through the Dvorak tech~-
nique (for daytime passes).

‘Detachment 1, 1lst Weather Wing is the
primary fix site for the western North Paci-
fic. Both DMSP and NOAA data are received
and processed. DMSP fix positions received
at JTWC from the Air Force Global Weather
Central (AFGWC), Offutt Air Force Base,
Nebraska were the major source of satellite
data for the Indian Ocean. GOES fixes were
also provided by the National Environmental
Satellite Service, Homnolulu, Hawaii for
tropical cyclones near the dateline.

’]

C.

dar

5B

and radar provides positioning data
on well e'eluyeu cyclones when in proximity
(usually within 175 nm of the radar site) of
the Republic of the Philippines, Taiwan,
Hong Kong, Japan, the Republic of Korea,
Kwajalein, and Guam.

cu

JTWC lev1ed 290 six-hourly vortex flxes
(Table 2-1). New storm tracks developed by
Det 4, AWS and JTWC increased the number of

supplemental fixes from 4 in 1977 to 149 in
1978. These tracks require reconnaissance
aircraft to penetrate a frnn1ca1 cvclonp

twice on a one-flx mission and three times

on a two-fix mission; the extra fix is termed
supplemental. In addition to vortex fixes,
38 investigative missions were levied (the
1976-1978 average is 38 invests). Of 1978's
32 tropical cyclones, investigative missions

were not flown on nine.

Reconnaissance effectiveness is summa-

rized in Table 2-1 using the criteria as set
forth in CINCPACINST 3140.1N.



|TABIE 2-1. AIRCRAFT

EFFECTIVENESS NUMBER OF  PERCENT
FIXES
COMPLETED ON TIME 272 93.8
EARLY 6 2.1
LATE 10 3.4
MISSED 2 0.7
TOTAL 290 100.0
&XC LEVIED VS. MISSED FIXES &2D2
LEVIED MISSED  PERCENT
AVERAGE 1965-1970 507 10 2.0
1971 802 61 7.6
1972 624 126 20.2
1973 227 13 5.7
1974 358 30 8.4
1975 217 7 3.2
1976 317 1 3.5
1977 203 3 1.5
1978 290 2 0.7

4. SATELLITE RECONNAISSANCE SUMMARY

The Air Force provides satellite recon-
naissance support to JTWC using meteorologi-
cal data from DMSP polar orbiting meteoro-
logical satellites.

A network of tactical DMSP sites at
Nimitz Hill, Guam; Clark AB, Philippines;
Kadena AB, Japan; Osan AB, Korea; and Hickam
AFB, Hawaii provides direct readout coverage
north of the equator from the dateline west
into the South China Sea. In February 1977,
the Guam site was modified to acquire very
high resolution data from the National
Oceanic and Atmospheric Administration (NOAA)
satellites. The Hawaii site was modified
soon thereafter.

The Air Force Global Weather Central
(AFGWC) at Offutt AFB, Nebraska, using stored
data readout, provides satellite reconnais=-
sance over the Indean Ocean and backup for
the tactical sites in WESTPAC. Det 1, 1WW
colocated with the JTWC, operates the net-
work tasking appropriate sites for tropical
cyclone position reports.

Satellite positions are assigned
Position Code Numbers (PCN's) depending on
the availability of geography for precise
gridding and the state of the tropical
cyclone's circulation (Table 2-2). Esti-
mates of tropical cyclone intensity are ob~
tained from visual data using the Dvorak
technigque (NOAA Technical Memorandum NESS 45
and later refinements).

WELL DEFINED CC/GEOGRAPHY

WELL DEFINED CC/EPHEMERIS
POORLY DEFINED CC/GEQGRAPHY

TUURL T VLD afLE WU/ MOUGNAT

POORLY DEFINED CC/EPHEMERIS

Availability of satellite data enabled
JTWC to effectively use satellite reconnais-
sance through the Selective Reconnaissance.
Program (SRP). During the 1978 season over
1900 satellite fixes were made on unnumbered
as well as numbered tropical cyclones in
WESTPAC.

By using a dual-site tasking concept
which requires at least two separate DMSP
sites to make each JTWC levied tropical
cyclone fix, satellite reconnaissance reli-
ability in meeting JTWC's fix reguirements
was 96%. Most missed fixes were due to an
unreliable late morning/late evening satel~
lite. Because of this satellite's unreli-
ability, aircraft reconnaissance routinely
supported 0600Z and 1800Z warnings with radar
and NOAA~5 satellite data also being used on
occasion. Use of the NOAA-5 satellite for
fixing tropical cyclones ended in September
1978 when the satellite became too unstable
for accurate positioning.

A comparison of satellite derived posi-
tions and the JTWC Best Track positions is
included in Table 2-3. The relative accura-
cies of satellite positions can be obtained
from this table.

I N . I
' TARTE 2-3. MEAN DEVIATIONS { 4
TABLE 2-3. S (N

OF DMSP DERTVED TROPICAL CYCIONE

NM

A POSITIONS Fﬂ‘ﬁ“ﬁé’? ‘mIPOSHImS, 1974-1978 (ALL SITES). G\‘!’%
GYo NUMBER OF CASES SHOWN IN PARENTHESIS. :
_
I 1974 1975 1976 1977 1978 I
PCN (ALY, SITES) {ALL SITES) (ALL. SITES) (ALI, SITES) (ALL SITES)
I 1 13.6 (224) 11.8 (214) 12.4 (131) 15.7 (134) 13.8 (189) I
2 17.4 ( 37) 20.4 ( 35) 20.1 (124) 19.1 ( 47) 16.0 ( 95)
3 20.1 (422) 21.2 (271) 21.7 (161) 22.4 (141) 21.9 (353)
4 23.9 (70) 22.4 ( 50) 29.3 (152) 30.0 ( 75) 21.8 (156)
5 35.4 (342) 34.2 (323) 40.4 (247) 37.7 (357) 38.1 (571)
6 49.4 (108) 44.7 ( 71) 49.0 (153) 40.9 (247) 50.5 (370)
182 14.2 (261) 13.0 (249) 16.1 (255) 16.6 (18l1) 14.6 (284)
354 20.6 (492) 21.4 (321) 25.4 (313) 25.0 (216) 21.9 (509)
566 38.8 (450) 36.1 (394) 43,7 (400) 39.0 (604) 43,0 (941)




Satellite derived fixes were also ob-
tained from: USN ships equipped for DMSF or
TIROS-N/NOAA APT direct readout; the National
Environmental Satellite Service using NOAA
and GOES data; and Fleet Weather Facility
(FLEWEAFAC) , Suitland, Maryland using stored
NOAA and DMSP data. This information was
invaluable to the warning service. Since
these were secondary sources, they were not
included in statistics.

ifteen of the 32 significant tropical
cyclones occurring over the western North
Pacific during 1978 passed within range of
land based radars with sufficient cloud

pattern oraanization to be fixed. The

pattern organization fixed he
hourly and oftentimes, half-hourly land
radar fixes that were obtained and trans-
mitted to JTWC totaled 848. A percentage
breakdown by country is as follows:
Japan-Ryukyu Islands 62%, Republic of the
Philippines 18%, Hong Kong 8%, Guam (U.S.)
7%, and Taiwan 4%.

.oy
<

The WMO radar code defines three cate-
gories of accuracy: good (within 10 km
(5.4 nm)), fair (within 10-30 km (5.4-16.2
nm)) and poor (within 30-50 km (16.2-27 nm)).
This year 308 radar fixes were coded in this
manner; 49% were good, 20% fair and 31% poor.
Compared to the JTWC best track, the mean
vector deviation for land radar sites was
13 nm (24 km).

Of the 15 tropical cyclones which were
monitored with radar, 10 were typhoons
(Olive, Virginia, Wendy, Carmen, Elaine,
Faye, Irma, Lola, Ora and Ritaj. These 10
typhoons accounted for 74% of all radar fixes
received this season. Excellent support
through timely and accurate radar fix posi-~
tioning allowed JTWC to track and fcrecast
tropical cyclone movement through even the

dmmmd AL EFLS 1T A 3
most difficult and erractic tracks.

The 54 WRS made four radar center fixes
from their WC=-130 aircraft when actual

penetration was restricted. One aircraft
radar fix of TC 20-78 when over the Arabian
Sea was relayed to JTWC from Diego Garcia.
No ship radar center fixes were received
during 1978.
6. TROPICAL CYCLONE FiX DATA

2 xes on 32 northwest

nes and 117 fixes on

cean tropical cyclones
were received at JTWC. Table 2-4, Fix Plat-
form Summary, delineates the number of fixes
per platform for each individual tropical
cyclone. Season totals and percentages are
also indicated.

annex B is an output of program PRNTFIX
which lists individual fixes sequentially
for each tropical cyclone. Fix data is
divided into three categories; Satellite,
Aircraft and Radar. Those fixes labeled
with an asterisk (*} were determined to be
unrepresentative of the surface center and
were not used in determining the best tracks.
Within each category, the first three columns
are as follows:

FIX NO. - Sequential fix number
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TIME (Z) - GMT time in day, hours and
minutes _
FIX POSITION - Latitude and longitude to
the nearest tenth of a degree

Depending upon the category

r
~F e Frvm
of the format varies as foll

the remainder

nure .
OWS <

a. Satellite

(1) ACCRY - Position Code Number
{(PCN) (See Sec. 5). The accuracy for FWF

Suitland fix positions are given as confi-

dence numbers (CONF) (See Table 2-5 for
details).

. (2) DVORAK CODE - Intensity evalua-
$+on and trend utilizing DMSP visual satel-
1 at

& £ ~
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§ & 32 g & 4
§ £ 2559 § & &
& ~ [ FSs3 & 8 =3
(< J 2P 50% ~ 23 20
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EXAMPLE: T5/6 MINUS/W1.5/ 24 hrs.

-
(For specifics refer to NOAA TM; NESS-45)




TABLE 2-5. CONFIDENCE (CONF) NUMBERS AS A FUNCTION OF DVORAK T

NUMBER AND RADIUS OF 90% PROBABILITY AREA ().
I TROPICAL. CYCLONE I
INTENSITY CONF (1) CONF (2) COXNF (3)

T1.5 60 120 170
T2.0 60 120 170
T2.5 60 12¢ 170
T3.0 50 100 150
T3.5 45 90 140
14.0 45 90 140
T4.5 45 90 140
T5.0 &0 90 130
T5.5 40 80 130
T6.0 40 80 130
6.5 30 70 120
T7.0 30 70 120
T7.5 30 60 100
8.0 30 60 100

12y C€AM - CSnecific satellite used for
3) SAT Specific satel

fix position (DMSP 35, 36 or 37, NOAA-5,
TIROS-N, or Geostationary Operational Environ-

’
mambkal Gatallite (GOEGY) .,
NI WAL PJAQLTLLAL WS AWy T

(4) COMMENTS - For explanation of
ahlvratri adkinne caan Arnmoandiv
abbreviations see AppendiXx.

(5) SITE - ICAO call sign of the
snecific satellite tracking station.
specific satellite trackin g statio

b. Radar

(1) RADAR - Specific type of platform
utilized for fix {(land radar site, aircraft

or shinp)
shaip).

(2) ACCRY - Accuracy of fix position
{good, fair or poor) as given in the WMO

ground radar weather observation code (FM20~-
).

(3) EYE SHAPE - Geometrical repre-
sentation of the eye given in plain language
(Circular, Elliptical, etc.).

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

(5) RADOB CODE - Taken directly from
WMO ground weather radar observation code
FM20-V. First group specifies the vortex
parameters while the second group describes
the movement of the vortex center.

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

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

c. Aircraft

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

(2) MIN HGT - Minimum height of the
700 mb pressure surface within the vortex
recorded in meters.

(3) OBS MSLP ~ The minimum observed
sea level pressure on a 700 mb fix mission is

ashtained by anplving the minimum 700 mb
ooTalned Oy appiying Ut minimdm /vy WO

height to the following regression equation:
SLP

This relationship is accurate within

+ 2 mb in most cases Hawavey if +tha 700 mb
3 M 1In most cases. nowevex, 1l The /UV o

center and the surface center are not verti-
cally alligned, the minimum sea level pres-—

eure will hae errmnanncly high Tf +he cur-

sure will be errcnecusly high. the sur
face center can be visually detected (e.qg.,
in the eye), the minimum sea level pressure
is obtained by a dropsonde released above

the surface vortex center.

If the fix is made at the 1500 foot
level, the sea level pressure is extrapolated
from that level.

(4) MAX-SFC-WND - The maximum surface
wind (knots) is an estimate made by the ARWO
based on sea state. This observation is
limited to the region of the flight path, and
may not be representative of the entire
cyclone, Availability of data is also depen-
dent upon the absence of undercast conditions
and the presence of adequate illumination.
The nQSltlQns of the maximum flight level

wind and the maximum observed surface wind do
not necessarily coincide.

(5) MAX-FLT~LVL-WND -~ Wind speed
{knots) at flight level is measured by the
AN/APN 147 doppler radar system aboard the
WC-130 aircraft. Values entered in this
category represent the maximum wind measured
prior to obtaining a scheduled fix. This
measurement may not represent the maximum
flight level wind associated with the tropi-
cal cyclone because the aircraft only samples
those portions of the tropical cyclone along
the flight path. In many instances the
flight path may be through the weak sector of
the cyclone. 1In areas of heavy rainfall, the
doppler radar may track energy reflected from
precipitation rather than from the sea sur-
face; thus preventing accurate wind speed
measurement. In obvious cases such erroneous
wind data will not be reported. 1In addition,
the doppler radar system on the WC-130 re-
stricts wind measurements to drift angles
less than or equal to 27 degrees if the wind
is normal to the aircraft heading.

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

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

(8) EYE DIAM/ORIENTATION - Diameter
of the eye in nautical miles. 1In case of
elliptical eye, the orientation describes
the nautical mile lengths of the major and
minor axes.



CHAPTER Il - sSuMMARY OF TROPICAL CYCLONES

During 1978, the western North Pacific

experienced a nnar—n11m:+n1nn1ﬂn1 ‘average

experaienceg near-=CclLimateloglcasr average

with a total of 32 cyclones (Table 3-1;
cyclones 10 and 30 occurred in the central
North Pacific area). Four,; significant
tropical cyclones never developed beyond
tropical depression (TD) stage. Of the 2°
that became tropical storms (TS), 15 deve-
loped to typhoon (TY) stage only one of
which reached the 130 kt (67 m/sec) inten~
sity necessasry to be classified as a super
typhoon (ST).

Even though the 1078 season had a near
-average number of cyclones (Tables 3-2 and
3-3), it was a season full of surprises.

Ten of the tropical storms and typhoons
exhibited erratic movement. Typhoon Carmen
remained guasi-stationary for three days over
the East China Sea. Typhoon Faye executed

a large anticyclonic loop and subsequently
underwent explosive deepening as the surface
central pressure fell 18 mb in six hours.

The most ill-behaved typhoon of the season,
Trix, truly lived up to her name. As
Tropical Storm Kit crossed Luzon, the sur-
face circulation dissipated while the mid-
and upper-level circulations continued
across and eventually became aligned with a

MY am et da Ta: £had b
iLeE=51de 1OW

secondary or

v A

that had formed

west of Luzon. Tropical Storms Hester and
Phyllis attained post-recurvature speeds of
40 kt (74 km/hr) and 50 kt (93 km/hr),
respectivelvy in extra+ronical +ranci+d

respectively, in extratropical transition.
Typhoons Virginia and Mamie were unusually
compact and could, thus, be termed midget

typhoons. Vlrd1n1a also traveled the far-

thest north (47N) while retaining tropical
characteristics. Having first been detected
in the central Pacific near 175W,; Super

Typhoon Rita traveled a record distance for
the season (4142 nm (7671 km)), and was
second overall nn’lv te Typhoon Sarah of 1978

(4499 nm (8332 km)).

During 1978, 32 Tropical Cyclone For-
mation Alerts were issued. Of these, 27
(84%) developed into significant tropical
cyclones (Table 3-4). Five tropical cyclones
were immediately placed into warning status
without first issuing Formation Alerts due
to their rapid development.

During 1978, there were 715 warnings
issued for the WESTPAC region with a total
of 131 "warning days" (Table 3-5). On 46 of
these 131 days, two or more cyclones existed
and on 16 days three cyclones were in exis-
tence.

I TABLE 3-1. WESTERN NORTH PACTFIC I
I 1978 SINIFICANT TROPICAL CYCLONES I
CALENDER = MAX =MDV
DAYS OF  SFC  OBS NO. OF WARNINGS  DISTANCE
CYCLONE TYPE NAME PRD OF WARNING WARNING WIND ﬂ-’; ‘TOTAL AS TY TRAVELLED
o1 TS NADTNE 08 JAN-13 JAN 3 60 973 21 1340
02 TY OLIVE 18 APR-26 APR 9 85 955 36 14 2669
03 S POLLY 16 JUN-20 JUN 5 50 985 16 788
04 s ROSE 23 JUN-24 JUN 2 20 993 7 352
05 B SHIRLEY 30 JUN-30 JUN 1 33 950 3 161
06 TY TREX 13 JUL-22 JUL 10 70 967 38 9 2326
07 TY VIRGINIA 23 JUL~02 AUG 1 70 972 13 31 2052
08 TY WENDY 24 JUL~03 AUG 1 80 962 42 27 1372
09 s AGNES 24 JUL-30 JUL 7 50 985 22 657
11 TS BONNIE 10 AUG-12 AUG 3 0 934 9 481
12 TY CARMEN 11 AUG-20 AUG 10 80 961 37 16 2076
13 TS DELLA 11 AUG-13 AUG 3 45 984 10 74
14 D TD-14 19 AUG-20 AUG 2 30 991 6 556
15 TY EIAINE 23 AUG-28 AUG 6 65 974 20 1036
16 TY FAYE 28 AUG-07 SEP 1 105 936 44 17 2127
17 TS GLORIA 29 AUG-01 SEP 1 40 990 12 553
18 TS HESTER 30 AUG-01 SEP 3 50 987 1 851
19 TY IRVA 12 SEP-15 SEP 3 65 972 15 3 854
20 TY JuDY 13 SEP-17 SEP 5 90 950 18 10 1296
21 TS KIT 21 SEP-26 SEP 6 s0 992 21 1382
22 TY LOLA 24 SEP-03 OCT 10 75 963 35 13 1672
23 TY MAMIE 30 SEP-04 OCT 5 70 963 19 3 1578
24 T NINA 08 OCT-17 OCT 10 60 981 37 1299
25 TY ORA 10 OCT-15 OCT 6 85 944 22 7 1370
26 ™ ™26 11 0CT-12 OCT 2 30 998 7 519
27 ™ ™27 15 OCT-16 OCT 2 20 1003 6 155
28 TY PHYLLIS 15 CCT-22 CCT 8 95 953 30 17 1687
29 st RITA 17 OCT-30 OCT 14 155 878 51 34 4142
1 s TESS 01 NOV-07 NOV 7 60 975 22 1346
2 ™ ™32 17 NOV-20 NOV 4 25 1002 12 296
33 Y VIOLA 17 NOV=24 NOV 8 125 9Ll 29 15 2042
34 s WINNTE 27 NOV=30 NOV 4 55 977 14 1287
1978 TOTALS 131%% 715 216
. *+ OVERLAPPING DAYS INCLUDED ONLY ONCE IN SUM
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TABLE 3-4.

YEAR

. ' | /| |
-
(V=]
~
E=

WESTERN NORTH PACIFIC

O

NUMBER ALERT SYSTEMS TOTAL
OF WHICH BECAME  NUMBERED
ALERT NUMBERED TROPICAL
SYSTEMS TROPICAL CYCLONES CYCLONES
a1 29 32
26 22 23
35 30 36
34 25 25
34 25 25
26 20 21
32 27 32

)

MONTHLY DISTRIBUTION

J MAMJIJIA SO D
010 0

DEVELOPMENT
RATE

Y

[0:23
(2]
3R
L [ [

o~

F N
I FORMATION ALERTS 1 0 4 3 75 8 3 ‘\-‘&‘) I

I TABLE 3-5. ’ WARNING SUMMARY I

(fé%;;;iéég;;} WESTERN NORTH_PACIFIC

1978
TOTAL NUMBER OF _
_WBRNINGS 715
NWMBER OF WARNING
DAYS 131
NUMBER OF WARNING DAYS
WITH 2 OR MORE CYCLONES 46
NUMBER OF WARNING DAYS
WITH 3 OR MORE CYCLONES 16
TROPICAL DEPRESSIONS 4
TROPICAL STORMS 13
TYPHOONS 15
TOTAL TROPICAL CYCLONES 32

10

AVERAGE
1959-1977

669
141

46
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TYPHOON OLIVE

Early April 1978 saw the near-equatorial
trough (NET)} slowly shift northward and be-
come more active as the sun made its seasonal
progression toward summer solstice. Within
the NET, a surface circulation was first ana-
lyzed on the 1lth at 12002 near 05N-155E and
initially meandered southward then westward
at approximately 8 kt (15 km/hr) over the
next four days. This circulation eventually
developed into the first typhoon of the vyear,
Olive.

Anticyclonic outflow at the 200 mb level
was first noted in the vicinity over the sur-
face circulation at 1312002. Although weak,
this outflow persisted for the next two days.
By the 16th, satellite imagery and synoptlc
data iud.u.au:d increased u:.gau;.z.q(_J.uu. A

formation alert was issued at 1606002 and
extended for another 24 hours at 1706002 as

aircraft and satellite data confirmed that

development was slower than expected.

Based on satellite and synoptic data, the
first warning on Tropical Depression 02 was
issued at 180000zZ. A subsequent aircraft
fix at 180252Z found a central pressure of
1001 mb and estimated the maximum surface
winds to be 30-35 kt (15-18 m/sec).

The mid-tropospheric subtropical ridge
was well established at this time with the
east-west axis varying between 17-20N. This
resulted in the cyclone, once organized,
tracking west-northwest at- speeds faster than
climatology. Satellite data indicated good
outflow aloft with continuous intensification
resulting. The intensification noted in the
24 hours prior to landfall was in good agree-
ment with climatology. TD 02 was upqraded to
Tropical Storm Olive on the 18th at 18002.
Tropical Storm Olive passed through the Leyte
Gulf with maximum sustained winds of 60 kt

{31 m/sec).

While crossing the central Philippine
Islands; Olive continued her 13 kt (24 km/hr)
speed but weakened to 45 kt (23 m/sec) inten-
sity. Upper level outflow remained good
during the transit and QOlive exited intact
into the South China Sea after 201800Z. The
combination of good outflow aloft and warm
water in the South China Sea caused Olive to
reintensify and reach typhoon intensity at
2206002. The storm recurved through a break
in the subtroplcal ridge along 113E that had
been forming since 220000z. TFigure 3-1
shows the three-hourly surface reports from
the Paracel Islands (WMO 59981) when Olive
passed nearby. A maximum intensity of 85 kt
(44 m/sec) was reached 12 hours before re-
curvature and continued until the 24th at
12002Z.

The recurvature was guite sharp due to
strong,. deep westerly upper-air flow in the
latitudes of 20-30N. Flgure 3~2 shows the
cirrus outflow to the north and northeast of
Olive being affected by the strong westerlies.
After recurvature, Olive accelerated out to
the east-northeast, staying approximately
180 nm (330 km) south of the maximum wind
zone. Gradual weakening occurred after re-
curvature as cooler, drier air was ingested
into the storm with Olive finally becoming
extratropical over cooler waters at 18002 on
the 26th of April.

Post-analysis showed that numbered
warnings should have begun near 170000Z.
Although the system was not fully defined at
this time and difficult to pinpoint on sat-
ellite data, enough information was available
to predict storm force winds were possible
within 48 hours. Recurvature was considered
probable early in Olive's life and discussed
on prognostic reasoning messages. However,
the recurvature track was much sharper than
initially forecast. More emphasis should

have been placed on the depth and strength of

‘pical ridge and tracks of previous April

cyclones (analogs) should have been studied

vvvvvvv

FIGURE 3-2. 1Ingraned imagery of Tuphoon OLive at
maximum intensity of 85 ht (44 m/sec) durning recun-
vature, 23 Apnil 1978, 1158Z. (NOAA-5 .imageny)

IDATE!22-23APR|LI978 [ 22/182 177;2/7212 | 23/002' 23/032 I 23/062 I 23/092 I 23/122 | 23/15Z I 23/18Z I 23/12 I
59981 , @053 I ‘:ozvl vﬁl lezoggsl g I ;.gs% | \\';-{n_g > 973 Lll. am 002 Il 015

PARACEL ISLANDS

FIGURE 3-1. Three-hounly surface synopiic observations from the Paracel Isfands during passage of Typhoon OLive.
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TYPHOON TRIX

was a

Trix 1978
s XIXy 4570

difficult troplcal cyclone to forecast due
to an unusual track which included a four

day, 700 nm (1300 km) perimeter, cycloni
loop. The degree of dlfflculty was

reflected in warning statistics such as:
eleven warning relocations two wam]ﬂn

;;;ﬁé%e;;gjﬁénd ;;v;ve;;é;’24 hour forecast
error of 174 nm (322 km).

Trix originated from a wave in the east-
erlies which became significant along 148E
from 10N-25N on the 10th of July. A day
later, a surface circulation was noted with-
in the wave 550 nm (1000 km) northeast of
Guam, Over the next 48 hours,; the wave
drifted northwest at 05-07 kt (09-13 km/hr)
and moved under an area of diffluence caused
by a tropical upper tropospheric trough
(TUTT) to the west. Potential for develop-
ment being excellent, a formation alert was
igssued at 0600Z on the 12th.

The first aircraft reconnaissance flight

intn +he alert area found a cvelonice circu-
1nTO Thie aLert area Iound a Cylidnic ClrICu

lation with a circular area of calm winds,
100 nm (185 km) in diameter. Based on this

1304072 information and continued cutflow

aloft possible, the first warning was issued
at 1306002 on Tropical Depression 06 (TD 06).

Over the next 18 hours, TD 06 moved west
at approximately 10 kt (18 km/hr). Subse-
quent aircraft reconnaissance observed the
minimum sea level pressure continuing to
decrease; tropical storm intensity was

reached on the 14th at 0000Z.

Metsat data at 1422202 (Fig. 3-3) showed
Trix to be a very compact tropical storm with
outflow only three degrees in diameter.
Midget storms have been reviewed in the lit-
erature and been found to exhibit erratic
intensity trends and Trix held true to form.
Figure 3-4 shows the diurnal variation of the
sea level pressure as observed by dropsonde.

FIGURE 3-3 . Infrared image of Trix at thopical
stonm intensity, 14 Ju£y 1978, 22202. The
cloudiness oven Guam Ln the deep convergent south-
wesl flow is quite a distance grom Tadix, ALgn&ﬁy&ng

Zhe Lange extent of the eyclonic cinculation <in
which Trix was embedded. (DMSP imageny)

ROCX

»mn Zpm
2
o

rm<mes

975

mMOCWiAmDoT

|

| \
"\

|

AIRCRAFT |$F_() MAX WIND

—————————————
JTWC COMPUTED MAX WIND

N.O.{NOT OBSERVED)

TME: 00Z 2z 73 122 00
DATE: ¥4 15 16
FIGURE 3-4 .,

2z 002 122 00z R’z 00z

Time cross section of Trix's minimum sea Level pressure.

27



These differences may be due to larger gust
spreads in compact storms which may give the
appearance of stronger maximum surface winds
than were actually present,

In addition to erratic intensity trends,
Trix's track was quite extraordinary. On the
15th at 00002, a large cyclonic circulation
dominated the mid-tropospheric flow in the
western Pacific between 13N and 23N. Trix,
embedded in this large circulation, made a
large cyclonic loop along the periphery.
During this loop, Trix traveled approximately
700 nm (1300 km) in four days. Trix contin-
ued intensifying while looping and typhoon
intensity was attained on the 16th at 00002Z.

The BAerial Reconnaissance Weather Officer
(ARWO) reported on his post-mission report
for the 1603262 fix that "the storm had all
the typical parameters of a typhoon but on a
miniature scale." Figure 3-5 shows Trix
still compact, even as a typhoon.

A large, subtropical high pressure center
began building near 49N-170W at 0000Z on the

19th., This feature finally provided the
necessary strong easterlies to break Trix out
of her loop by 0600Z on the 19th. Prior to
this change in track, Trix had weakened again
to tropical storm strength (on the 18th at
12002) .

The subtropical ridge continued build-
ing westward over Japan steering Trix west-
ward by 12002 on the 20th. This was the
final, significant change in track. Trix
meandered westward thereafter and made land-
fall on'the east coast of China near Linhai.

The 211800Z, official warning indicated
downgrading of Trix to tropical depression
stage with maximum sustained winds of 30 kt
(15 m/sec) as satellite and aircraft recon-~
naissance data showed a weakening trend.
However, post-~analysis of synoptic data re-
cieved after~the-fact revealed that Trix
maintained minimal tropical storm intensity
and reached a secondary maximum intensity
just prior to landfall. The aircraft no-fly
~line prohibited aircraft reconnaissance
from observing this secondary maxima.

FIGURE 3-5

intoniite &
ARLERELA ]

Ingrared image of Trnix at typhoon

102 veny comoact, and s1i20 om-

very eompaiL, anG S

bedded in the fLarger cirnculation, 16 July 1978,

0107Z. {DMSP .imagery] .
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TYPHOON

Virginia developed during July as the
third typhoon of the 1978 season. Virginia
was relatively small compared to the much
larger Typhoon Wendy which developed simul-
taneously to the west. Except for an unex-
pected loop, Virginia's track was definable
as an uncomplicated, broad recurvature track.
However, higher than average forecast errors

resulted due to the difficult forecasting

situations produced by complex interactions

with the nearby Typhoon Wendy and the Tro-

pical Upper TrnnnqnhpY1F TrQuGh {TUTT) .
Virginia first appeared as a small tro-
1 disturbance on satellite imagery on 21

ica
uly. This disturbance was believed to be
ociated with a low-level convergence zone
feeding into a much larger disturbance which
was developing over the Philippine Sea.
There were no nearby land/ship reports to
indicate any evidence of a surface circu-
lation at this time. Therefore, this dis-
turbance was discussed in the Significant
Tropical Weather Advisory (ABEH PGTW) as
having poor potential for development during
the advisory period. On the 23rd, a weather
reconnaissance aircraft was first sent to
investigate the larger disturbance (then
estimated at 30 kt (15 m/sec) intensity) and
was later sent east into .the smaller dis-
turbance. The aircraft penetrated the smal-
ler disturbance and found an unexpected,
well-developed circulation. Aircraft radar
showed a well-defined 40 nm (74 km} diameter
eye and the weather officer estimated surface
gusts at 55 kt (28 m/sec) The flrst tropl—
cal cyclone warning was lmmeuxatc;y issued on
TS Virginia at 230600Z. Post analysis showed
tropical storm stage was reached 6 to 12

HAatrawao
However, the

- & QWS
[0

_____ £3emmd vravmines

nours L)C.LULC L_ut: ITILST wailiiiiyg.
lack of significant data and Virginia's un-
usually small cloud signature on satellite

imagery delayed earlier interpretation of

Virginia as a significant tropical cyclone.

Virginia and Wendy intensified simulta-
neously (Fig. 3-6). Because Wendy s circula-
a
o Fravel i :
ed to travel in a counter-clockwise direction

VIRGINIA

about Wendy. Virginia did travel as predict-
ed for the first four days, but the speed of

e 1 v r B -
movement was slower than expected.

During
the next two days, Wendy moved northwestward
away from Virginia and interaction between

the twe storms became less noticeable.

Virginia continued to decrease in speed of
movement and then executed a loop; Wendy and
Virginia were separated by over 800 nm (1482
km) durlng the loop.

Macro-scale features over the western
North Pacific at this time included a TUTT.
The TUTT was initially situated between
Virginia and Japan. Analysis of all data
sources, including satellite-derived winds,
indicated the TUTT extended southward along
Virginia's western side during the loop.
This caused inconsistent steering flow with
height, contributing to Virginia's lack of
significant forward movement. Virginia's
maximum intensity of 70 kt (36 m/sec) was
attained during this period (Fig. 3-7).

Virginia slowly weakened after the loop
as the TUTT axis became situated just west of
Virginia and restricted upper-level outflow
to the west. Virginia also began moving to-
ward recurvature by traveling around the
western periphery of a large subtropical
anticyclone. Virginia'‘s recurvature was
also believed to be partially aided by the
TUTT, which provided southerly upper-level
steering flow. Virginia remained just east
of the TUTT axis throughout recurvature.

Virginia Pro
though Virginia d hin
of Japan, only 2 (10 m/sec) maximum sur-

4+ 1

Fama winde wara ronnria
face winds were reported along the east coast

of Honshu. Besides Virginia's small size,
the winds were always weaker on the west side
due to the TUTT axis hpﬁnn g0 close to the

storm.

A e 1
G NO KIIOWIL

=]
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t

Yol a

OCh

Virginia holds the 1978 record for a
tropical cyclone tracking the farthest north
(47N) before losing its tropical characteris-

tics.

FIGURE 3-6 . Earnly stages of Typhoons Wendy {£efi)
and Virginia (night), 26 July 1978, 01337, (DMSP

Aimagery)

[
(=]

3-7. Typhoon Virginia at maximum intensiiy
0 kt (36 m/sec) while undergoing strong TUTT
Ln/tmamon 26 Juby 1978, 2141Z. (DMSP .imageny}
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TYPHOON WENDY

Wendy the faur+h +unhnonon of 1078
ACRCGY, Tne Ifurtn Typnidln Cx L1270,

developed in a well-established monsoon
trough. The trough, which had existed for
seven to ten days prior to significant tro-
pical cyclone development, laid over WESTPAC
from 07N at the Dateline west-northwest over
the Mariana Islands to the Luzon Straits.

By 12002 on the 22nd of July, two weak sur-
face circulations were evident in the trough,
one centered at 19.8N-138.2E which eventually
became Wendy and the other at 14.5N-151.4E
(Virginia). With the Tropical Upper Tropo-
spheric Trough (TUTT) lying just to the north
of the surface trough, the dynamics for sig-
nificant tropical cyclone development were
present.

Increased organization on the 22nd

nromnrad the air-
Prompted Thae 1nitial reconnalissance airx

craft launch at 2130Z. The ARWO observed
25-30 kt (13-15 m/sec) surface winds, but
could not locate a definable surface circu-
lation center. Based on this aircraft data
and the good potential for increased deve-
lopment a formation alert was issued at
2304562 for an area 660 nm (1222 km) north-
west of Guam. The tropical cyclone deve-
loped rapidly thereafter; it reached tro-
pical storm intensity near 2318002 (Fig.
3-8) and obtained typhoon strength by

1800z on the 25th.

ini+ial rerannaissance

Wendy meandered westward from the 23rd
till the 25th when a break developed in the
subtropical ridge with the high center, north-
east of Wendy, dominating and building. In
response to stronger, mid-level southeaster-
lies, Wendy accelerated northwestward. Wendy
slowly reached her maximum intensity of 80 kt
(41 m/sec) during this time and maintained it
for 24 hours before she began a slow weaken-
ing trend after passing over the Ryukyu
Islands. A marked decrease in low-level in-
flow and convection near the center appeared
to have affected Wendy's development at this
point.

/

Wendy stalled again in

2 am - - 10 gy [ Re R Trwa t
China Sea, 180 nm {333
o}

the central East

Anctecniithaseds
Killy 2dadbL=souliicaso

£ Shanghai, when steering currents weakened.
The cooler and drier environment, the de-
creased inflow, and finally the decrease in
outflow aloft weakened Wendy. Most storms
that stall in movement, intensify; Wendy

weakened.

cvoacad Iinfleow

Late on the 31lst, the break in the sub-
tropical ridge became more pronounced and
Wendy began to recurve northeastward at 8 kt
(15 km/hr). A succession of minor, mid-level
troughs first forced Wendy northward early on
the 2nd of August, then accelerated her north-~
eastward.

32

The cuoler environment and increased
frictional effects caused Wendy to weaken and
lose tropical characteristics by 182 on the
2nd after existing as a significant tropical

cyclone for 10 days.

Twice during Wendy's existence (2400002
to 2600002 and 3006002 to 311800%), she
slowed significantly. The portions of the
best track shown for these periods are
among many possible solutions. With fix-
to-fix movement near to or less than the fix
accuracies, it was almost impossible to
determine if Wendy just slowed to 1-3 kt
(2~6 km/hr), underwent looping, or simply
remained "quasi-stationary".

FIGURE 3-8 . Wendy as a young twpical stomm, 23
July 1978, 21171, Typdical of circulations in the
monsoon Though, maximum cloudiness exists in the deep
southwestenties just south of the trough axis.

{DMSP imagery)



€e

- |
1 _ 1 4 4 ]
]
ot R —t ————— ——t—t p— et G
1 4 _ Ct 4 1 1 J
L ]
+ + 4 . T L 4 L .
ML B B S B i} ) -t b e
+ 3 + 4 +
T 1 T 1 TYPHOON CARMEN ST e
T T T 1 BEST TRACK TC-i2 ST
AN S | 11AUG-20AUG 1978 A ——
g ST T -4+ MAX SFC WIND 80KTS S ST
+ + + - = MINIMUM SLP 961 MBS o
TG SPEED INTENSITY L
15/182 75 1 T T T T T v T : { 3 } ;
8 L 1 I i
@ 16700z 75 MARCU{’
5 . . +
16/062 ) 75 150° 155° 160° X
16/122 75 I‘,
. 5 L.
16/182 70 et TN B R | Yy W
7 T T T T il T T T T =T T
17/00Z 65 Lo o0 d .
3
17/062 60 o o 1
~ 3 ]
177122 55 ' o ! : T ot
7 17/182 ¢ 5 + T
5
2 N A
S &= : , LEGEND
7 a s ..
18/062 . 50 Q%\A ] a6 HR BEST TRACK POSITS
A SPEED
18121 ; % Solpt o4 B INTENSTY .
18/182 25 A L P C POSITION AT XX/0000 Z L,.AK. _
8 ] : AR ~— TYPHOON N
19/00Z f—— et 50l P ———|  ——— TROPICAL STORM Fr——
T D & T T\ &, . | eee 1ROPICAL DEPRESSION ,'
' 1 OO0 TROPICAL DIS TURBANCE -
T S S N -1 $3% EXTRATROPICAL
1. PALauIsE A e | AIVO(»Z. | *%% DISSIPATING STAGE
WoLEA! Y FIRST WARNING ISSUED
T 1 T - -t - 1 Y LAST WARNING ISSUED
::;;::.‘a;::%::".........lrkﬁg’“g
.4 P S Y S L ..
Jhoarore 1 A A N A




TYPHOON CARMEN

The genesis of Typhoon Carmen provides
an interesting example of the interaction of
two synoptic features in generating a tropi-
cal cyclone. These features began inter-
acting on 7 August 1978. On that day,
Guam's surface winds shifted from easterly
to southwesterly as the southwest monsoon
surged well east of its normal habitat.
Metsat imagery showed a noticeable upsurge
in convective activity along and to the
south of the low level monsoon trough, the
axis of which now extended from Southeast
Asia across the Philippines and over the
western North Pacific to near the dateline.
In Guam's vicinity, southwesterly flow per-
sisted, deepened and strengthened. At
0812004 Guam's gradient level wind was 20 kt
(10 m/sec) from the southwest.

During the same time frame, a Tropic
Upper Tropospheric Trough (TUTT) northwe
of Guam was deepening southward.
derived upper-air winds at 0812002 confi
considerable divergence existed south an
east of the TUTT overlying the monsoon

trough dust north of Guam and @definite si

trough just north of Guam and definit
of tropical cyclone organization were
appearing. Six hours later, Guam's gradient
wind had increased to 31 kt (16 m/sec) out
of the southwest.

For the next day, this upper-level/lower
-level interaction persisted and the devel-
oping disturbance, one of many along the
monsoon trough discussed in the daily Signi-
ficant Tropical Weather Advisory (ABEH PGTW),
was written as having fair to good develop-
ment potential. A formation alert was
issued at 1001562 and two subsequent air-
craft reconnaissance missions showed a mini-
mum sea level pressure of 1004 mb and 25 kt
(13 m/sec) estimated maximum surface winds.
The surface center, however, was difficult
to fix and the decision was to reissue the
alert at 110134Z. Three hours later, how-
ever, aircraft data reported a 992 mb central
pressure. Subsequently, the first warning
was issued at 110600z with 40 kt (21 m/sec)
intensity. Meanwhile, the activity in the

~monsoon trough had also rapidly organized in
another area; Tropical Storm Della was form-
ing just east of the Philippines.

The TUTT's influence on Carmen continued
beyond her early developmental stages. TUTT
interaction also influenced her track and
affected her size and intensification rate.
Initially, Carmen's track was expected to be
climatological since the overall synoptic

environment in which Carmen was situated was

typical of the Auqust climatology. A strong,
mid-tropospheric, subtropical ridge existed
north of her and Carmen was forecast to
follow a west-northwest track. In actuality,
Carmen moved erratically for one day and
then accelerated to the north-northwest.

It appears that upper-level steering from
southeasterlies east of the TUTT was a major
influence on her track.

The TUTT also influenced Carmen's devel-
opment rate., At 120000z, Carmen was begin-
ning to accelerate to the horth-northwest '
with an intensity of 55 kt (28 m/sec).

Three days later she had only intensified to

80 kt (41 m/sec) - an intensification rate
which was half of the average rate for
August cyclones. A partial explanation for
this slow intensification was the fact that
Carmen had a faster than average forward
speed of 16 kt (30 km/hr) during this period
and also that she was part of a two storm
situation (Fig. 3-9 ). However, it is
equally possible that the TUTT (still west
of Carmen) also had a part in influencing
Carmen’s slow intensification rate and small
size by restricting upper level outflow in
her western and southern guadrants (Figs.

3-% & 3-10). The 200 mb analyses indicated

that the TUTT moved with Carmen and streng-
thened from the 1lth to the 14th.

FIGURE 3-9. Ingrared image of Typhoon Cammen (right)
and Tropical Stonm Della [Leff), 12 Augusit 1978,
21342. (DMSP .imagery)

o o momm s ovoa3 a2
By 1512002, the TUTT axis had curled

T
the .south of Carmen. Satellite imagery at
this time (Fig. 3-11) showed a more sym-
metrical typhoon but small in areal extent.
The strong mid-tropospheric subtropical
ridge still existed to the north and Carmen
was expected to track westward into the
China coast. However, a high pressure cell
was building ahead of Carmen over the Asian
coast. By the 16th, Carmen was caught in

a weak steering flow between high pressure
cells to the east and west and, for three
days, Carmen looped ergatlcallv and weak-
ened in 1nten51ty. On the 17th a deve-
loping short wave trough was analyzed over
the Asian mainland 'and warnings reflected

ings rerlected



recurvature towaré Korea. At 1812002,
Carmen &id begin to track northward and
eventually digsipated over Korea. Despite

entually 4algslpatead Lespit

Carmen's erratic behavior, 24-hour fore-
cast errors matched the average for the
vear.

During her lifetime, Carmen was respon-

far considerabhle damace Rafnra dig-
10 Considerac.Le danmage. ceIilre Gis

k Py
ipating over South Korea, she caused wide-
read flooding, a reported 21 deaths and
1
n

1imn worth of nropnertyv damace
+10nN WOIrXtTin COi pIeperty Galiage.

ipan, affected by Carmen in her formative
ge, reported flooding and property damage

was desiagnated a nationzl disaster area.

was CGeslignatel a naciona.l QLlSasicl arca.

At maximum intensity of 80 kt (41 m/sec) on
August 15, Carmen passed over Okinawa about

26 nm (48 km) north of Kadena AB with little
damage to DoD facilities.

The disturbance in the monsoon trough

eyvantiially hacame Carmer was similar
eventua..y Lelame Larmen was Simiiday

o many others that did and did not develop.
And, of those that did develop, many only

reached +he monseon denression cstage mho
reacned ine monsoinh depression stage. ine

difficulty in determining the development
potential of these monsoon disturbances

affected the timeliness of issuance of *he
IXECTEeC Une timexliness JOI i1ssuance ¢i wne

formation alert and initial warning on
Carmen. Near perfect forecasting to meet

cugstomer recuirements would have allpwerd +he

....... TegQulrenenis would nave aliowed wne

initial warning to be issued 48 to 72 hours
priecr to the actual 110600Z issuance.

=
g

ct et

FIGURE 3-11. Cammen's small areal extent, 15 August
1978, 15052, [DMSP imageny)
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TYPHOON ELAINE

The 17th of August 1978 saw the monsoon
trough extending as far east as 140E pro-
viding the breeding ground for Typhoon
Elaine. Synoptic and satellite data on the
18th indicated a tropical disturbance, with
maximum winds of 15 kt (8 m/sec), organizing
to the northeast of Palau. From the 18th
through the 20th, this system was discussed
on' the Significant Tropical Weather Advisory
(ABEH PGTW) with poor to fair potential for
significant- tropical cyclone development.

The relative position of the Tropical Upper
Tropospheric Trough (TUTT), north of the dis-
turbance during this period, indicated sup-
pression of upper level outflow in the north-
ern portion of the system. Issuance of a
Tropical Cyclone Formation Alert was delayed
as a result of expected strong upper-level
directional shear. The advisories on _the
21st and the 22nd carried fair to good poten-
tial; however, based on sparse synoptic data
and little organization evident on the satel-
lite data, the system was still thought to be
in the formative stage. The initial warning
was issued at 230600Z by which time increased
organization and banding features were indi-
cated on satellite imagery. Post analysis
indicated the system was a tropical depres-
sion 36 hours prior to this time.

By 2400002, the mid-tropospheric ridge
provided more definitive east-northeast
steering flow across northern Luzon resulting
in Elaine's southwest track, contrary to a
favored climatological track to the west-
northwest. Climatological studies also indi-
cate weakening during passage over Luzon.
Based on synoptic data, however, Elaine con-
tinued to intensify and was upgraded to a
tropical storm at 2400007 while still over
land 170 nm (315 km) north of Manila. Heavy
storm damage was reported in northern Luzon.

As Elaine exited Luzon into the Soutn
China Sea, her associated cloud pattern
lacked sufficient organization for optimum
satellite (Fig. 3-12) ‘and radar fixes; air-
craft reconnaissance at low flight levels
(restricted at times by terrain) was heavily
relied on for definitive surface center
fixes. During this same period, 24 - 25
August 1978, Elaine was caught between

X + manennn Fflaw anA ckrAanes
strong scuthwest monscon flow and strong

northeast flow. As a result, Elaine looped
twice and forecast errors increased
gnngidprnblyi

37

After completing the second loop, Elaine
accelerated to the northwest in response to
the mid-tropospheric ridge axis' northward
migration. A weakness in this ridge was
apparent on the 26th and developed northeast
of Vietnam due to a mid-latitude short wave.
By the 27th this short wave trough was within
10 degrees of Elaine and a noticeable north-
ward adjustment in her track resulted. The
closest point of approach (CPA) to Hong Xong
occurred at 2702002 with Elaine 155 nm (287
km) to the southwest.

At 270300z, the S.S. Seal and Trade lo-
cated at 2IN-113E reported surface winds of
65 kt (33 m/sec) and a surface pressure of
974 mb. Based on this ship report, Elaine
was upgraded to typhoon strength just prior
to landfall over the southern coast of China
near the Luichow Peninsula. Subsequent to
landfall, Elaine tracked westward and dis-
sipated rapidly as a result of frictional/
terrain effects. Downgrading to tropical

storm intensity occurred by 2718002 with the

final warning issued at 2800002.

FIGURE 3-12. Visual imagery at 01342 on 25 August
1978, showing Elaine's typical satellite signature
- 25 August

durning hen eratic movement perniod, 24

1976, (NOAA-5 imageny)
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TYPHOON FAYE

Typhoon Faye, the seventh typhoon of the
1978 season, was one of the most nterestlng,

but unfortunately, also one of the year's
most difficult fvnhnnnq to forecast.
executing an uncommon anticyclonic loop
early in her development, Faye also unexpect-
edly reintensified to typhoon strength

shortly before becoming extratropical.

The tropical disturbance that was to be-
come Typhoon Faye was first sighted southeast
of Ponape at 24214227, August 1978 by satel-
lite reconnaissance. The disturbance moved
west-northwest at 13 kt (24 km/hr) and at
2612002 passed north of Truk. During this
period, 200 mb analyses showed a tropical
upper tropospheric trough (TUTT) with an im-
bedded low northwest of the disturbance.

This TUTT moved west-northwest in conjunction
with the surface circulation thereby keeping

excellent upper-level outflow in the diffluent

region, southeast of the TUTT cell, over the

developing tropical disturbance.

Based on an improved satellite signature
and on ship synoptic data, a Tropical
Cyclone Formation Alert was issued on the
disturbance at 272334Z2. Shortly thereafter,
a reconnaissance aircraft confirmed the
existence of a closed surface circulation
with a minimum sea level pressure of 1000 mb.
Dacald ~Aw +lhisn adsmeadfds Aada A Asodiirvhan~as
Dascu Uil LillDS qQlluliallL uawa, LT UilioLUuiwvaliec
was upgraded to Tropical Depression 16 at
280000Z with max winds of 30 kt (15 m/sec).
The 500 mb subtropical ridge axis was at

that time oriented east-west along 36N.

At 2806002,
to the northeast of Guam and was upgraded to
Tropical Storm Faye six hours later. During
the next 24 hours the storm moved straight
north while slowly intensifying. The 500 mb
flow pattern became complex during this
period due to the influence of two new
developing tropical systems: T§ Gloria be-
tween Luzon and Japan and TS Hester west of
Marcus Island (Fig. 3-13). The 500 mb
analysis at 281200Z (Fig. 3-14) showed that
the Pacific Ocean south of Japan between
Guam and the Philippine Islands was domi-
nated by an elongated monsoon trough holding
multiple circulation centers, one of which
was to become TS Gloria. High pressure cells
were located east of Tokyo and southeast of
Marcus Island.

TD-16 naecpd 60 nm (111 km)

The 281200Z objective steering aids in-
dicated Faye would track northeastward.
However, because the initial pattern itself
was confused, a more climatological north-
northwestward track was forecast.

By 2912002 F egan to execu
anticyclonic loo he 3000002, 500 mb anal-
ysis (Fig. 3-15) showed that Faye was now
nAacitsinnad hatwann +wa hisah nracanra ~antora.
positioned between two high pressure centers:
one located between Marcus Island and the
Volcano Islands, and the other located south

of Guam This pnattern was the result of the
¢ Guam. 1s pa

combined influence of Gloria, Hester, Faye,
and a long-wave, mid-level trough that was
developing far to the northeast of Faye.

It was now possible for Faye to choose one of
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mAatre e R

Cwl Luul_b'b; {l) move 100l \..Il‘llULLllt:‘dbC in the
weakness between Marcus Island and Wake

Island; or (2) move west~northwest along the
southern periphery of the high pressure cen-

ter to her north

Thopical Sionm Faye just prion o ex-
ecuting an anticyclonic Loop nonth of Guam, while at

FIGURE 3-1i3.

an &niené&ty 06 40 kt (21 m/bac) 18 Gﬁonia L8

OUMFLZ(LOL UB UIWLGMIG. u.nu lb HMLM KA ﬂUM’lWM’L Uﬁ

Marcus Tsland, 29 August 1978, 0137Z, (DMSP imageny)

Unfortunately, by 310000Z, the high
pressure center south of Guam shifted
further to the west. This change in the
flow pattern allowed Faye to swing to the
south and thus complete her anticyclonic
loop.

Faye reached the southernmost point of
her looping track at 010000Z September and
six hours later was upgraded to typhoon
strength based upon the development of a
poorly defined eye and a central pressure
drop to 984 mb as reported by reconnaissance
aircraft. At 020000Z September, the 500 mb
pattern again changed radically (Fig. 3-16}.
Ridging, albeit weak, now dominated the
Pacific east of Faye. Troughing, enhanced
by a long wave east of Japan dominated the
Pacific west of Typhoon Faye. Faye was now
under the influence of southeasterly steer-
ing flow and began tracking steadily north-

wncdrIavrA avAiinA dha rcascdkAavrn mavrinbiaser AF Sl
weSitwall al0uUliG e wesTern peripiely OI uhe

ridge.

As the ridge strengthened, Faye accele-
rated from 8 kt (15 km/hr) to 16 kt (30 km/
hr) by 031200z. Thereafter she began to
Aoacelerate acain and weaken as she

approached the axis of the mid-tropospheric
subtropical ridge. By 041800z, Faye
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“weakened to tropical storm strength and
within six hours had crossed the ridge axis

+0 the neortheast.

and began to recurve
an To rec ner

anc eg

Normally a system would be expected to

accelerate after r*rnt:ew'ng the r1ﬂnn nv1a

but in this case the mid-latitude westerly
jet stream was located considerably to the
north; the mid-level steering was therefore
very weak and Faye actually continued a
slowing trend. Likewise, a tropical system

would be nvpar-+nr1 to continue moakan1ng

after recurvature as it moves over cooler
water, begins to entrain ceold air at mid-

levels frem the north and comes under the
ievels

influence of strong vertical wind shear. A
reconnaissance aircraft at 050541Z, however,
reported that Faye's central pressure had
dropped to 975 mb with an lnp;ease in over-
all organization also noted. Faye was up-
graded to typhoon strength based on aircraft

reconnalssance and ship data at 051800zZ.

reintensification

The reason for Faye's reintensification
was related to the weak, upper-level flow
pattern. During Faye's period of reinten-
sification; mid- and upper-level winds were

hat o
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basically zonal and light, thereby minimi-
zing the cold air entrainment. Reconnais—
sance aircraft reports indicated that Faye

was distinctly warm core during this period.
Because of the weak flow between 500 and 200

mh vertical wind shear was small and e
ms, vertifa.l wing sigar was sma.s. ana, utaus,

Faye was able to maintain vertical organi-
zation longer than was anticipated.

By 0612007 September, Faye again
weakened to tropical storm intensity due
to increasing vertical wind shear.
Upper-level winds increased and satellite
imagery showed that her upper-level center
was flnallv belnn sheared off from the sur-
face center. The final warning on TS Faye
was issued at 0718002 at which time she was
fully extratropical and in the process of

merging with the polar fromt.

land masses of the Pacific area, she did
cause damage to the Northern Mariana Islands.
During her anticyclonic loop, the islands of
Agrihan, Alamagan, and Pagan were directly
affected twice. Pagan sustained the most
damage with sixty-five homes destroyed and
one merchant vessel grounded.

Although Typhoon Faye avoided the major
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TYPHOON IRMA

Irma, the eighth typhoon of the 1978
season, developed in the monsoon trough
southeast of Taiwan. Located in the Luzon
Straits over the previous week, the monsoon
trough slowly drifted northward and a weak
surface circulation became evident southeast
of Taiwan on the 1llth. The monsoon. trough
at 500 mb was also observed to have shifted
well northward signifying the trough becoming
vertically aligned with the surface circu-
lation. This northward shift also moved the
monsoon circulation under favorable outflow
aloft. The mechanism for rapid tropical
cyclone development being present, numbered
warnings began without the issuance of a
formation alert.

Aircraft reconnaissance, at 09352 on the

confirmed TD-1% had undergone rapid
development. Post analysis determined that
the cyclone reached tropical storm strength
1200002. Due to the lack of a strong
subtropical high pressure ridge to the north
of Irma and the fact that the southwest mon-

soon flow was more intense than the easter-

lies north of the monsocon trough, Irma moved
northeast. Then, on the 13th at 1800Z, Irma
began accelerating northeastward as mid-level
steering strengthened when a short-wave,
westerly trough tracked eastward off China.
Diffluence aloft, ahead of the short-wave,
allowed Irma to reach a maximum intensity of
65 kt (33 m/sec) by 1412002Z.

a+t+
ac

Irma remained a typhoon for only 12 hours
becoming the shortest-lived typhoon of the
season. The 1400002, 500 mb analysis indi-
cated that Irma was north of the broad sub-
tropical ridge axis, building in behind her,
and she was accelerating northeastward. Her

maximum forward speed of 21 kt (39 km/hr)
was obtained while tracking through the
Tsushima Straits prior to making landfall
on Honshu.

In the last 24-36 hours of her existence,
Irma experienced increased vertical shear
which brought on rapid weakening. The
terrain effects of Kyushu and Honshu caused
Irma to dissipate near 1200Z on the 15th.

Although remaining a typhoon for only
12 hours and weakening rapidly as she tracked
towards southwest Japan, Irma produced wide-
spread damage to Kyushu with estimated gusts
in excess of 100 mph (45 m/sec) reportegd. '
Irma smashed windows, overturned cars, and
capsized several fishing boats. Several
athletes at the Japan-China Friendship Track
and Field Meet in Kitakyushu were injured
when a freak gust blew them ten feet in the

airxr.

Irma exhibited a movement to the north-
east similar to previocus 1978 recurvers

(Olive, Polly, Virginia, Gloria and Hester).

Irma's track indicates she traveled
parallel to, but just outside, the 200 mb
strong wind flow; actually just outside the
50 kt (26 m/sec) isotach (Fig. 23-17). The
observed relationship appears to provide an
excellent forecast aid and was particularly
important during Irma. All forecasts, how
ever, must take into account the possible’
northward adjustment of the max wind band as
well as the possible deepening of short-wave
troughs off the China mainland. An accurate
36-hour to 48~hour, 200 mb prog should help
greatly.
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TYPHOON JUDY

T'ypuGOﬁ Judy was first evident on
satellite imagery as an area of convective
activity in the easterlies. Further evi-
Aansca AF +ha ini+ial Aicrnrhan~as oo et s

dence of the initial disturbance was pro-=
vided by surface observations from Wake
Island durlng the period of 081200Z to

0900007 September 1978 showing a wind shift,
0200002 September 1OWing

maximum sustained w1nds of 20 kt (10 m/sec),

and a minimum sea level pressure of 1005 mb.
For the next three ﬂnv: the disturbance was

monitored by satellxte reconnalssance and
discussed in the Significant Tropical Weather
Advisory (ABEH PGTW). Based on September's
climatology for disturbances north of 20N
latitude, potential for development was con-
sidered to be poor. At times during this
period, this potential was supported by
satellite imagery showing weak vertical
development associated with the disturbance
(Fig. 3-18). However, on the 1l2th, satel-
lite imagery showed increased organization.
A Tropical Cyclone Formation Alert was
issued as 120440Z and aircraft reconnais-
sance was scheduled. The first aircraft
penetration was 16 hours later and aircraft
data along with satellite imagery (Fig. 3-19)
supported a cyclone of tropical storm inten-
sity. Consequently, the first warning was
issued at 130000Z. Even though Judy was
detected very early in her developmental
stages, the issuance of an earlier warning
was. delayed primarily due to a lack of sig-
nificant skill over climatology in fore- )
casting rapid tropical cyclone development.

FIGURE 3-1§. Tropical Disturbance which devefoped
into Typhoon Judy. At this time the disturnbance Lached
vertical deueﬂopment 10 SepZember 1978, 2049Z. (DMSP
Amagery}

From the time of the first warning until
the last, Judy's track was one of classical
recurvature, slowing in forward movement to
5 kt (9 km/hr) at the recurvature point and

acceleratlng to 31 kt {57 km/hr) under

strong westerly upper-level steering north

of the subtropical ridge axis. Although

part of a two-storm situation with Typhoon
Irma (Fig. 3-20), Judy never appeared to be
influenced uj Irna's presence. warnlngs on
Judy showed excellent continuity. From the

second warning on, a recurvature path was

farercast
Lorecasct. 1115

This was due in part to the early
Que 1Nl parct To thae car.ty

detection which provided considerable history
in Judy's past track before the first warn-
ing was issued. As a result, the forecast
errors for Typhoon Judy were considerably
better than average for cyclones undergoing
recurvature. The intensity forecasts for
Judy, however, always lagged her true in-
tensification rate. The maximum intensity
of 90 kt (46 m/sec) which Judy attained after
recurvature was not foreseen, nor was the
rate at which Judy weakened.

At the time of the last warning issued
on Typhoon Judy at 170600z, satellite imagery
showed that Judy was merging with an extra-
tropical system to the north. The added
influx of energy into this system caused it
to deepen rapidly in 12 hours from an esti-
mated 1000 mb to 988 mb with observed 50 kt
(26 m/sec) surface winds. During her life,
no reported damage was done by Typhoon Judy.

FIGURE 3-19. Judy was at trhopical stonm intensity at
this time, 12 Septemben 1978, 21562. |(DMSP .imagery)

FIGURE 3-20. Infnaned imagery of Typhoons Judy
(night) and Tnma (Led2), 14 September 1978, 14381.
(DMSP imageny)
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TYPHOON LOLA

Typhoon Lola was spawned within a very
active trough located between the equator and
12N, om the Philippines eastward to 150E.
On the 20th of September 1978, satellite
imagery gave the first indication of a dis-
turbance near 0&#-147E: however, a distinct
surface circulation was not evident. Between
the 20th and the 24th, the disturbance slowly
accelerated to the northwest then west-north-
west through the Caroline Islands passing
between Ulithi and Guam on the 22nd with 15-20
kt (7-10 m/sec) intensity. A tropical cy-
clone formation alert was issued at 2406002
when increased organization in feeder band
activity was noted on satellite imagery and
potential for further development was evident.
Based on aircraft and satellite data, the
first warning on Tropical Depression 22 (TD-
22) was issued at 241200z with 25 kt (13 m/
sec) intensity.

puring the 24th and 25th, TD-22 main-
tained a westward movement within the near
eguatorial trough on a heading 10 degrees
north of the trough axis. This westward
movement toward the central Philippines was
supported by easterlies along the southern
periphery of the mid-tropospheric subtropical
ridge. Aircraft data at 2521002 positioned
the circulation 110 nm (205 km) east of
Samar. Increased organization and a central
pressure of 995 mb were noted which resulted
in upgrading the system to Tropical Storm

Tnola at 26000072 T,andfall wacg made on +hae
LOLia& QT 4B8VUUV4L. LanGidil was mage Oon Tag

southeastern tip of Luzon at 261500Z. Lola's
subsequent track during the 27th took her
along the southern coast of Luzon passing
over the cities of Legaspi and Batangas. The
closest point of approach (CPA) to Manila oc-
curred at 271000Z as Lola passed 35 nm (65
km) to the southwest. At this time, the
International Airport at Manila reported 30
kt (15 m/sec) sustained winds with gusts to
50 kt (26 m/sec). The Naval Weather Service
Environmental Detachment (NWSED) at Cubi Pt.
recorded maximum sustained winds of 40 kt

(21 m/sec) with a peak gust of 59 kt (30 m/
sec) at 271241z. Nineteen deaths and heavy

48

property damage in the southern Tagaloc and
Bical regions were attributed to Lola's pas-

intc the Socuth ina

As Lola exited th China

Sea, the 500 mb analysis indicated a short
wave trough in the westerlies over China ex-
tending as far south as 27N with a weakness
in the subtropical ridge forming over south-
ern China. By 280000Z, the trough extended
to 23N along 1l05E and the subhtropical high
center east of the weakness had moved east-
ward across the northern Philippines. This
caused Lola's dominant mid-level steering
flow to become southeasterly which resulted
in her more climatological northwest track
over the South China Sea. Supported by good
upper-tropospheric outflow and strong low-
level energy input, gradual intensification
occurred from 2718002 through 301800Z. Based
on aircraft data, Lola was upgraded to ty-
phoon intensity at 281800Z. During the 29th
and 30th of September, Lola reached maximum
intensity with sustained winds of 75 kt (39
m/sec) and a minimum pressure of 963 mb. The
mid-tropospheric ridge began strengthening
westward resulting in Lola's track becoming
more west-northwest toward Hainan Island.
Landfall over Hainan occurred at 01090032
Octobzr, 10 nm (19 km) southeast of Wen-
chang.

sage
sage.

TIn ol mmnd locs Lmneand £

Weakened by terrain features, Lola was
downgraded to a tropical storm at 0112002 as
she continued west-northwestward into north-
The final warning downgrading
Lola to tropical depression intensity was
issued at 030000z. Lola's overall uncompli-

cated track nroduced +he
cated track procuced the

arn Viatnam
ern viednam.

lowest 24-, 48- and
72-hour forecast vector exrors (54, 116 and
139 nm respectively) of the 1978 storm season.
The 24- and 48-hour forecast vector errors
were expecially low (average of 21 nm (39km)
and 40 nm (74km) respectively) during Lola's
passage over the Philippines. This resulted
from the increased accuracy of fix positions
due to additional land radar and synoptic
reports, the uncomplicated track, and the fact
that Lola remained a well-organized system
during transit allowing accurate fixing.
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TYPHOON MAMIE

Typhoon Mamie was yet another of the Remaining a very compact system
compact typhoons of 1978. Mamie was also an (Fig. 3-22), Mamie tracked on a recurvature
open ocean typhoon (i.e., it formed and dis- path along the western periphery of a mid-
sipated over the ocean, and affected ship- tropospheric, subtropical high pressure
ping lanes) and never really threatened any system whose 500 mb height center was near
land stations. 25N-175E. The direction-of-track forecasts

were geood; however, the speed-of-movement

Tropical Depression 23 (Mamie) developed forecasts were underestimated. Mamie ac-
from a wave in the easterlies. On the 27th celerated much more rapidly than expected
of September at 0000Z this wave was approxi- (twice climatological speeds) after passing
mately 100 -nm (185 km) east of Guam and was north of 30N. Due to sparse, upper-air
oriented southwest~northeast from 10N to 25N. reports in the vicinity of the typhoon,
Within the wave, there were two disturbance analysis and forecast aids did not indicate
areas. The northernmost area eventually such a rapid acceleration would occur.
developed when it moved under an upper air M§mie evéﬁgually yea&engqﬂgnd_trﬁngitigned
difluent region. By the 30th, a compact into an extratropical system on 4 October
tropical depression-was easily noted on sat- 1978. Without satellite reconnaissance it
ellite data (Fig. 3-21). Also noted were is conceivable that the compact, Typhoon
cirrus cloud streamers showing outflow ex- Mamie would not have made history.

isted in all gqguadrants. The first warning on
TD-23 was issued immediately thereafter.

URE 3-72. Typhoon Mamie, remaining compact,
ving nontheastward while at maximum intensity of 70
kt {36 m/sec), 03 Octoben 1978, 0123Z. (DMSP imageny)

FIGURE 3-21, 1Infrared imagery of TD-23 (Mamie) at 30
kt {15 m/sec) intensity, 30 September 197§, 00352.
[DMSP {magerny)
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TYPHOON ORA
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During the early part of tober,
sive monsoon troughing existed from the
South China Sea, across the Philippine

TelanAe +n am avan canthasad A€ Laam M~
D ALQlIMS LV Qll AiTQ ovVUuLlITQo L Wi vudil. 4 uc

surface analyses for that period showed a

combination of strong northeasterlies north
AdAafinsA

Qerined

N
vl
a

of the monsoon trouch axis and well
18 Monsolni Trougn axis anG

cross-equatorial flow into the trough from

the Southern Hemisphere. The entire area
was, therefore rive for .continued trnn1 cal

LnNererQre, ripe Ior .continued Yopical

cyclone development and, indeed, by 0812002,
Tropical Storm Nina was gathering strength
east of the Philippines. At about the same

time an area of convergence about 300 nm
(556 km) west-southwest of Guam began to show
increased organization.

JTWC began to monitor this area using
satellite and ship synoptic data and issued
a Tropical Cyclone Formation Alert at 090707Z.
Based on reconnaissance aircraft data at
0922542 October, the disturbance was up-
graded to Tropical Storm Ora with the first
warning valid at 100000Z October 1978.

The 500 mb analysis at this time showed
that the mid-tropospheric subtropical ridge
axis was broken between Japan and the Philip-
pine Islands, with a high pressure cell cen-
tered over Thailand and another located near
Marcus Island. This break was created by a
deepening long wave trough that was moving
into the western Pacific from the Asian main-
land. The circulations of Tropical Storm
Nina and Tropical Storm Ora also helped to
maintain this break.

Computer aids, climatology
rent synoptic situation s or

track; the JTWC forecast showed Ora recurving
to the north-northeast around the western
periphery of the high pressure cell that was
centered near Marcus Island.

By 1018002, however, it became apparent
tk&l’\aav\ﬂ}1

nac Ora and wina WCJ.K: ucg.l.uu;.ug l.u .LJILCLQ,R'LQ
At this time Nina, the dominant system, was
trying to force Ora to follow a westward

f'r:ﬁb

while at the same time the long-wave

trough then over the Sea of Japan, was in-

ducing more northward movement. The net
effect of these two etnprwng influences

caused Ora to follow an overall northwestward
track at a speed of 12-15 kt (22-28 km/hr).

On the 1llth, it was apparent that
Tropical Storm Nina and Tropical Storm Ora
were engaging in a Fujiwhara interaction.
Nina would have been expected to move east—
ward in the classic Fujiwhara style. How-
ever, because she was the dominant system,
the axis of rotation was closer to her.
(Figure 3-23 shows the relative positions of
Nina and Ora at 112342%Z.) Instead of moving
eastward, therefore, she merely stalled and
then executed two, small loops while causing
Ora to move west-northwestward. During this
time period, JTWC continued to forecast Ora
to cross the southern tip of Taiwan. This
forecast was based on persistence and ob-
jective forecast aids which had been veri-
fying quite well up to that point. Tropical
Storm Ora then began to show 1ncreased or-
ganlzaeluu on satellite and radar data.
Aircraft reconnaissance at 1203042 reported
the first signs of eye formation and a cen-

+ra2l nragenre nf Q50 . § mh Pact
c¥aa. préssure CI -92.0 Mo.

analucia

Post analysis
revealed that typhoon intensity was reached
at 111800z.

FIGURE 3-73,

Infrared image of Typhoon Ora and

Tropical Stonm Nina durning Fujiwhara interaction,
Post-analysis showed
that when the 6eedea band connecting the two cy-
clones disappeared, interaction ceased and Ona

1 Octoben 1978, 23422,

Later tunned nonth.

53

(DMSP imageny)



As Ora approached the east coast of
Taiwan, hourly radar fixes from Ishigaki-
Shima, Miyako-Jima and Hua-lien indicated
deceleration and by 121200%Z, Ora had slowed
to 4 kt (7 km/hr). By this time, Tropical
Storm Nina had evidently weakened to the
point where she no longer had any major in-
fluence on Ora 's movement. The break in the
:.J.uge axais t[le]’l oecame the concroxu.ng factor
in determining Ora's track. Westward movement
was forecast, in keeping with the upper-air,
numerical progs that showed the ridge building
back. Portunately for Taiwan, this ridge
failed to build back and Ora veered sharply to
the north never making landfall on Taiwan
(Fig. 3-24). When unexpected, northward move-

ment was noted, an amended forecast was

14/00Z~,
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FIGURE 3-74. Hounly radar §ixes show Ora’s sud-
den turn to the Nonth after 1212007 October 1978.

54

is conceivable that the change in Ora's move-
ment would not have been noticed until the
next scheduled, 6-hourly fix.

Ora reached her peak intensity of 85 kt
{44 n/sec) near 130600Z October as a compact
typhoon (Fig. 3-25). By 131800z, however,
reconnaissance aircraft indicated that her
centraJ. pressure naa lncreasea raplu.Ly
(44 mb in 17 hours) and there was evidence
that her upper level center was beginning to
shear off. By 140000Z Ora had weakened to
tropical storm strength and was accelerating
to the northeast under the influence of

erU(lg JIU.(J- LEVEL WEbCeLLJ.eb -

AAAAAAA oy AP,

T rOp-LLd.J. 2 TOIM

Ora then merged with the polar front and was
fully extratropical by 1506002 October.

FIGURE 3-25. Hua-Lien nadar presentation of
Typhoon Ona at 1301002 chvbea qut pn&on 1o her

L
reaching maximum intensily. {Pnologhapn cour-

Zesy of the Centrnal Weather Buneau, Taiped, Taiwan.
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TYPHOON PHYLLIS

The tropical disturbance that eventually
developed into Typhoon Phyllis formed in a
well established, near-equatorial trough
lying over the southern Marshall Islands on
13 October 1978. By 1200Z on the 14th, the
disturbance had moved north-northwest and
under moderate upper level divergence which
existed south of a TUTT. Increased organi-
zation of the disturbance was observed on
sateliite imagery at 1421082 and a Tropical
Cyclone Formation Alert (TCFA) was issued at
1422357 for an area 100 to 350 nm (185-556

[Ty [P R B nrrnd ol
KIl} nor Lll 4 IIULCH.-.U.U.L l.uwc::o_ UJ. Eniewetaxk.

Upper-air data at 150000Z suggested a

weakness in the subtropical ridge (STR} axis

near 155E. As the tropical disturbance
tracked northwestward toward the weakness,
nrcanization between

VEertTliga. orXganlizatlion 2Delw

ine 3
increasing vertical

low-level inflow and upper-level outflow con-
tinued. The disturbance was upgraded to
tropical depression (TD) status and numbered
warnings on TD-28 began at 151200Z. Phyllis
remained a tropical depression for 18 hours
and was upgraded to a tropical storm based

on aircraft reconnaissance information which
indicated Phyllis to be a small compact storm
with small wind radii and therefore virtually
invisible from synoptic reports alone.

By the 16th, the break in the STR axis
was well established. The dominant high
pressure center was northeast of Wake Island
and the secondary center was southwest of
Iwo Jima. The dominant high slowly streng-
thened causing Phyllis to accelerate north-
westward from 6-10 kt (11-19 km/hr}. Simul-
taneously, the TUTT moved northward allowing
Phyllis to continue to have excellent outflow
aloft. In this regime, Phyllis gradually
intensified to typhoon strength by the 17th
at 18002z.

When Phyllis finally reached the break in
the STR on the 18th, the dominant high
weakened leaving a large col area causing
Phyllis to drift slowly for a day. Then on
the 19th, the high pressure system east of
Phyllis began building to the west which even-
tually caused Phyllis to slowly accelerate
northwestward and delayed recurvature for two
more days. Cooler waters and reduced, upper
-level outflow weakened Phyllis as she re-
curved northeastward. Then, north of the STR,
Phyllis rapidly accelerated under stronger

=l w +ad +
-than-expected steering currents. Phyllis

accelerated from 9 kt (17 km/hr) at the ridge
axis to 45 kt (83 km/hr) in less than 30

OOOOZ on the 22nd. Thereafter, “the pressure
gradient between a major surface low moving
eastward off Japan and the strong surface

ridge east of Phyllis helped maintain storm

[+
[>2]

force winds around Phyllls as..she became
extratropical.

s I

fhe STR built westward as Phyll

is began
her track toward recurvature (Fig. 3-26).
After recurvature, Phyllis' foward speed
increased dramatically; extratropical tran-

sition was complete after 220600Z.

Phyllis remained a typhoon for four days
during which her closest approach to land was
40 nm (74 km) northeast of Marcus Island.

Her compactness and over-open water track

Her compac

resulted in no major reported damage.

open wad

FIGURE 3-26.

Typhoon Phyllis at her recurvatune
point, Typhoon Rita on a thack ZLoward Guam and the
STR builds £in between them as noted by the weakness
in zthe band of showers conneeting the two compact

typhoons, 21 Octoben 1978, 0106Z. (DMSP imagery)
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TYPHOON RITA

0L+ 18781 Anly suimar
nlca, L2J70 S OhiaY Supel

first detected as a cloud cluster in th
tropical central North Pacific on the 1

~n¥f NrorAalar Merrating wacttrarA chos o
O UCTOOET . HMigracing wesiwara, sage C

the dateline early on the 1l6th and by
1623002 (Fig. 3-27) satellite imagery showed

incraagad organization and develoning feeder
increased corganization ang develcping reecder

band activity. Consequently, a formation

alert was issued on the system at 1623472
later after continued davn1nn—

Later, LITe conTinuedc

‘ment, the first warning was issued with 30 kt
(15 m/sec) intensity. Thus, Rita was
detected very early in her developmental

Qetected eaxr n ner aevelop

stages and, based on the avallablllty and
maximum use of satellite data, a timely

warning service was nrnv1dpﬁ

warning serv e acec.

and six hours

FIGURE 3-27.
suance of hen finst warning, 16 October 1978,
22457.. (DMSP imagery §nom AFGWC, Offutt AFB, NE}

Rita, as she appeared just before is-

Tram o ERN ol Trmamd d o saa

From the time of the first warning until
landfall on the Philippines, Rita tracked
virtually straight westward. The major in-
fluence. on her movement was the unusually
strong mid-tropospheric subtropical ridge

that built in over WESTPAC as Typhoon

Pher1T 3o toan oMt verrs v el ey e e e B

LFilylLL1O WAoo LC\/ULV.L]U:]- J.JIC SLiTcuycocn UJ. LAJC
easterly current south of the ridge steered
Rita at forward speeds of up to 20 to 23 kt
127 2 A2 dren Pl Tmmcd drrdima +had Af £ha
127 LU 2O ndl/IlL , GJ.AIIUBL, LWLLT LiiadL VL LT
climatological average. As could be anti-
cipated from her track, JIWC's forecasts

were consistent and errors were less than

average. The larger errors were due to
underestimates of forward speed and initial

ayxnerstatinng of reaecsurvature gimilay +o
eXpellatiions ¢ refdurvature Simiiar To

Phyllis'. During her track across WESTPAC,

Rita threatened a number of Pacific
islands and atolls including thase in the

slands and 0lls including those in th
northeastern Marshalls, Enewetak and Guam.

Rita's track near Enewetak brushed the
northern r1n of the atoll when maximum sus~

tained winds were 75 kt (39 m/sec). At this
time, Rita was a very compact typhoon and _the
main island on the qnn+hpa<+nrn nnrr1r~m nF

the atoll reported maximum sustalned winds. of
only 35 kt (18 m/sec) with gusts to 45 kt
(23 m/sec). By the time Rita annroached

Guam (Fig. 3- 28) howeVEr, she nad‘lﬁééiél—
fied dramatically to 150 kt (77 m/sec) and,

therefore, posed a serious threat to the

58

FIGURE 3-28. Rita, at 145 kt (75 m/sec) intensity,
16 hours before her closest point of approach to
Guam, 22 October 1978, 2212Z. [(DMSP imagery)

Rita was forecast to track south of Guam
and maximum sustained winds expected for the
center of the island n
(NAS), Agana) were 70 kt (36 m/sec). Rita
did indeed track south of Guam as forecast
but maximum sustained winds reported at NAS
Agana were only 35 kt (18 m/sec) with gusts
to 55 kt (28 m/sec). In addition, precipi-
tation on the island from Rita was unusually

low. Post analysis reveals that the over-
estimation of the maximum winds on the

island was caused by twc factors. The first

factor was that Rita's actual track was 30~
35 nm (56-65 km) south of the forecast track

with actual ¢ea

Wil agtual LPa

F avmvnem a
{closest point of approach)

to NAS, Agana of 85 nm (157 km). Because
Rita was compact, this 30 nm (56 km) error

i i 3 14t
in track meant a large difference in Rita's

influence on Guam. Had this been the only
error, sustained winds would nevertheless
have been . over Rn_b& (28 m/seg\ at NAS,
Agana. The second factor was the over-esti-
mation of the over-30-kt (15 m/sec) and over-
50-kt (26 m/sec) wind radii. These radii

were based on surface wind estimates from
aircraft reconnaissance (Fig. 3-29) and were
forecast to expand, The 2306002 warning

________ 2le 200004 warning
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FIGURE 3-29. PLot of aircraft neconnaissance data.
Typhoon positions are neted at 2302007 and 222222Z.
Wind banbs ane the estimated surface winds grom the
ARWO aboand the aircraft. The tens digit of the

wind direction is also plotted with the wind barbs.

showed a 185 nm (343 km) radius for over-
30-kt (15 m/sec) winds and 100 nm (185 km)
radius for over-50=kt {26 m/sec) winds in
Rita's northern semicircle, Actual surface
reports from the southern tip of Guam indi-
cated the over-50-kt (26 m/sec) radius was
actually only 70 nm (130 km). The over-30
-kt (15 m/sec) wind radius was also too large
as wuﬁnoﬂ hv the nine hour duration of sus-

talned 30 kt (15 m/sec) winds at NASA Dan Dan.

If the over-30-kt (15 m/sec) wind radius had
been 185 nm (343 km), the duration of sus-
tained 30 kt {15 m/sec) winds would have been
closer to 19 hours. It was evident that the
wind field did not expand as forecast.

Unlike the relatively mild influence on
Guam and Enewetak, the Philippines experi-
enced considerable uamage and many lives
were lost during Rita's passage. Heavy
flooding was reported throughout many of the

4 a i1lanes nn Luzon agnaciazlly
cities and viiiages on Luzon, eSpedlally

those just east and north of Clark AB. DoD
facilities, however, sustained little damage

in Rita's 12-hour passage over central Luzon.

in Rita 12-hour passage over central Luzon.
As she entered the South China Sea, aircraft
and satellite data indicated that she had

weakened considerably.

In contrast to the persistent synoptic
situation over the Western Pacific which had
steered Rita ever westward, the large scale
features in the South China Sea were complex.
As Rita exited the Philippines, a short-
wave westerly trough was devéloping and
moving eastward over the Asian mainlend.

The trough created a break in the mid-tropo-
spheric subtropical ridge allowing for a
northward adjustment in Rita's track. Dur-
ing this same time, however, a surge in the
northeast monsoon was developing over China
at low tropospheric levels which tended to
steer Rita southward. Objective aids lacked
consistency and reflected the contrast in
the synoptic situation (Fig. 3-30). Even-
tually, the northeast monsoon surge proved
to be the deciding factor in Rita’s movement
and she tracked southwestward toward the
Vietnam coast and dissipated over water.
Forecast errors were 66ﬁ§1uéfanxy larger
during this latter segment of Rita's track.

MNrrasnatll Fu atia Eman

Overall, Rita was the record setter for
the 1978 season. Her track was the longest
of the season and at her peak intensity of
155 kt, aircraft data recorded an 878 mb
central pressure, only 2 mb higher than the
record set by Typhoon June in 1975 (Fig.3-3I).

FIGURE 3-31. Rita, at 150 kt |77 m/zec] LntenAAzy
6 houns prion to hen peak intensity, 24 October
1978, 23192, [(DMSP .imagery)
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TYPHOON VIOLA

Of the typhoons of 1978, none could be
eonsidered to be more classic or more well
-behaved than Typhoon Viola, the last typhoon
of the season.

Increased convective activity in the mon~
soon trough about 600 nm (1111 km) southeast
of Truk was first noticed on satellite data
at 1321592 November. By 1621422, satellite
data showed continued development and a Tro-
pical Cyclone Formation Alert was issued.
Well- defined, upper atmospheric outflow was
evident in all quadrants and at 1707102, a
reconnaissance aircraft reported surface
winds of 30 kt (15 m/sec) and a surface pres-
sure of 998 mb. Based on this information
the disturbance was upgraded to Trcpical
Depression 33 and numbered warnings began

The mid-tropospheric flow pattern at this
time was characterized by strong high pres-
sure ridging to the north and east of TD-33
with a weakness apparent in the ridge axis
near Luzon. This weakness was induced both
by a deepening long wave trough that extended

FyAam Cihao ~nrh
from Siberia south along the ccast of Chirna

and by TD-32, which was at this time off the

coast of Luzon in the Philippine Sea.
Althouch TD-32 was short-~lived and never

Sa2TA0Ugn 122 was SNorT~.olivec ald o

1ntens1f1ed above tropical depression
strength, it nonetheless was strong enough
to alter the mid-level flow pattern and

becomeg a determining factor in TD-33's
{(Viocla's) ultimate movement.

Under the influence of the strong east-
erlies south of the mid-tropospheric ridge,
TD~33 began tracking to the west-northwest
at 12 to 16 kt (22 to 30 km/hr) toward the
weakness near Luzon.

Based on an improved satellite signature,
TD-33 was upgraded to Tropical Storm Viola at
1712002. A careful comparison of the satel-
lite data, along with the aircraft reports,
indicated that Viola was still not vertically
stacked. Late on the 19th, she slowed to
8 kt (15-km/hr) and this deceleration was
apparently enough to allow her time to become
better organized in the vertical. A 1915052
reconnaissance aircraft confirmed that: the
surface center was within 5 nm (9 km) of the
700 mb center; Viola's surface pressure had
fallen to 977 mb; and, an eye was beginning to
form. She finally reached typhoon strength
near 2000002. By this time, Viola had com-
pletely overpowered TD=32, whose circulation
was no longer evident on the surface analysis.
With TD-32 "out of thé way", Viola now had

access to all available energy and, as a

result, rapid intensification followed. At
211200Z she attained her minimum sea level
pressure of 911 mb and ma wm wind speed of
125 kt (64 m/sec) just 5 (2.6 m/sec) below
Super-typhoon strength {(Fig, 3-32). Viola's

+remendone intensification is reflected in

the ten thousand foot temperatures that were
reported by aircraft at about that time;

the cutside temperature was 14 Celsius bu.
the inside (eye) was a very warm 29 Celsius
{with a dewpoint of 16 Celsius).

Up to this point JTWC's forecasts had
been verifying quite well. While Viola was
forecast to cross the northern tip of Luzon,
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break in the ridge near the Philippines
continually monitored and the prospects
Viola to recurve were evaluated with
issuance of each warning.

500 mb reports in that area were sparse;
as a result, the true situation was often
difficult to evaluate due to the generally
weak overall pattern. Available numerical
progs continued to show the ridge building
back between Luzon and Taiwan, and as late as
210000Z the 500 mb analysis, more definitive
than usual, seemed to support this rebuilding.

In an attempt to obtain more steering
level data to augment the sparse land station
reports, reconnaissance aircraft were re-
quested to fly at 500 mb in the area directly
north of Viola. The wind data provided was
invaluable and confirmed that a definite
break in the ridge axis existed. The first
forecast noting a recurvature track was is—
sued at 2206002Z. Subsequent aircraft and
satellite fixes verified northward, then
northeastward movement.

After recurvature, satellite data began

to show that Viola's upper-level center was

being sheared off from her surface circula-
shear surriace circula

tion center. By 231800Z she had weakened to
tropical storm strength. She weakened rapid-
ly thereafter; the 240030Z reconnaissance
aircraft was unable to locate a 700 mb center.
A weak low-level circulation remained for a
short time after losing tropical character-
Astics.

”Mm .

FIGURE 3-32. Infrared image of Typhoon Viola
nearing hen maximum intensity of 125 kt (64 m/sec},
21 November 1978, 0945Z. {DMSP imageny)



2. NORTH INDIAN OCEAN TROPICAL CYCLONES surface observations forced reliance on the

During 1878, four significant tropical interpretation of satellite data for position
cyclones occurred in the North Indian Ocean and intensity. TC 18-78 made landfall on
area (Table 3-6). As usual, the transition _Burma with estimated, maximum sustained winds
seasons between the northeast and southwest of 50 kt (26 m/sec). News reports stated,
monsoon periods were the favored *cyclone ¥ the town of Kyaukpyu reported 90% property
seasons" (Table 3-7). This year's cyclones damage and the coastal village of Narakway
lived longer than others on record as noted was demolished when e§timated peak winq .
by the above-average number of warnings shown gusts of 80 to 100 mph were experienced.”
in Table 3-8. These extreme winds, although estimated,

could have been produced by squall lines orx

Tropical Cyclone {TC) 18-78 occurred jus tornados.
prior to the start of the southwest monsoon
season over Southeast Asia. Steerlng flow TC 19-78 dlsSlpated prlor to maklng land-
was weax wnlcn caused IOIE(. btulg the by:v:-u fall on ncxuy;.cluubu, no grounu truth’ reports

of movement to be difficulc. The lack of were received confirming it's strength.

TABLE 3-6.

NORTH INDIAN OCEAN AREA

1978 TROPICAL CYCLONES

CYCLONE PRD OF WARNING WARNTNG WIND SLP WARNINGS TRAVELLED

| TC 18-78 15 MAY-17 MAY

60 955 4 362
40 995 7 451
80 965 12 1213
95 955 19 1397

TC 19-78 26 OCT-28 OCT
TC 20-78 06 NOV-11 NOV
TC 2i-78 20 NOV-29 NOV

—
O W w

1978 TOTALS 22 42

CALENDAR MAX EST
DAYS OF SFC MIN NO. OF DISTANCE

TABLE 3-7.
FREQUENCY OF NORTH INDIAN OCEAN CYCLONES BY MONTH AND YEAR

JAN FEB MAR APR MAY JUN JUL AUG SEP ocT OV DEC TOTAL
*% *k ok aoE *% 0 0 Q Q 1 1 0
a 0 o 1 0 0 0 0 2 0 1 0

1973 0 ] [ 0 a a 0 0 0 1 2 1

1974 [ 0 0 o 0 0 0 0 [ 0 1 0

1975 1 ) 0 0 2 0 0 0 0 1 2 0

1976 0 0 0 1 0 1 0 0 1 1 0 1

1977 0 0 0 0 1 1 0 0 0 1 2 0

1978 0 0 0 0 1 0 0 Q 0 1 2 0

(1971—78) 0.1 ] 0 0.3 0.5 0.3 Q 0 0.4 0.3 1.4 0.3 3.9

e
EoRU R N ol N N g
N A IR I A B

*1971-1974 REPRESENT BAY OF BENGAL CYCLONES ONLY

1971
1972
I **JTWC RESPONSIBILITY FOR BAY OF BENGAL CYCLONES BEGAN (N 4 JUNE 1971 I

TABLE 3-8.

AVERAGE
1978 1971-1977*

I WARNINGS 42 P2 I
MMBER OF WARNING
DAYS 22 17

WITH 3 OR MORE CYCIAMES ¢ °

TOTAL TROPICAL CYCLONES 4 4

*From 1971 through 1974, only Bay of Bergal cyclones
were mxdered the JTK area of xsponsx.bxhty was
extended in 1975 to include Arabian Sea cyclones.
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TC 20-78

A cyclonic wind shift and decreasing
surface pressures on Sri Lanka were the first

inAinatrinang of +hae

indications cof the tropi cal digtruurhance which

tropical disturbance which
eventually developed into Tropical Cyclone
2G6-78. Tracking west-northwest along the

monsoon trounagh axis the disturbance made

monsoon trough axis, the disturbance made
landfall over the southern tip of India 66 nm
(122 km) east of Madura at 1800Z on the 3xd
of November 1978. Still in the formative
stage, with 20 kt (10 m/sec) intensity, the
disturbance tracked westward over southern
India during the 3rd and 4th with little
intensification. Property damage was limited
to, and essentially caused by, flooding on
the coastal Dla;nsg

After exiting into the Arabian Sea, a
westward movement at 07 kt (13 km/hr) and
gradual intensification occurred. Satellite
data at 050647Z indicated increased organi-
zation and feeder band activity had formed
south of the center. JTWC thus issued a
Tropical Cyclone Formation Alert at 0512392
as the system moved into the Laccadive
Islands. During the 5th and 6th, the mid-
tropospheric subtropical ridge axis shifted
northward from 16N to 20N allowing TC 20-78
to track more north of west from 0514002
through 082C00Z.

Increased feeder band activity and good
outflow aloft indicated that steady intensi-
fication occurred from the 5th through the
8th. Tropical storm intensity was attained
by 060800Z with satellite data revealing an
eye early on the 7th. As indicated by satel-
lite imagery on the 7th and 8th, upper-level
outflow was enhanced by a channel to the
strong westerlies existing to the north of
the cyclone center. By 080200Z, TC 20-78 had
reached typhoon intensity according to the
Dvorak visual satellite intensity analysis.
Evaluation of the cyclone's position and
intensity estimates provided by the USS
LaSalle's (AGF~3) TIROS-N APT satellite data

proved to be an invaluable addition to the

normal DMSP satellite coverage of this area.

'-'l‘r +ha Q
4

3y the
subtropical dge axis in the Arabian Sea
was oriented east-west along 19N. Recur-
vature around this axis occurred during the
9th concurrent with TC 20-78's maximum in-
tensity of 80 kt (41 m/sec) at 090900Z2. TC

20-78 then moved northeastward into an area

h of

1 O

the mid-level

sovember, T X ievel

+ November
ri

66

dominated by strong westerlies aloft. The
strong vertical shear that resulted caused

+he gvustem +n woeaken +0o +ronical

T Sy SLTin WU wodatcal sto

tc tropical storm
intensity by 1008002z (Fig. 3-33). By the
1l1th, the strong vertical wind shear had

Yarinhpr the r\vh'lnnn to a shallow system

noted on satelllte imagery as splral bands
of low clouds and minimum to no deep con-
vection - "an exposed low level circula-
tion" Contlnuec dissipation caused the
satellite fixes to decrease in accuracy and
conventional data, being sparse, aided
little in pinpointing the center. As a
result, the landfall of TC 20-78 on north-
west India could only be approximated.

co- TN < - I / O C S

FIGURE 3-33. TC 20-78, 260 nm (482 km) southwesit of
Karachi on 10 November 1978 at 0659Z. The concentra-
tion of convective activity to one sdide of the cyclone
and the civws showing unidinectional, upper-air flow
are typical of cyclones in strong, vertical shean
environments. A cyclonic cireulation is becoming evi-
dent in the onientation of Low clouds overn the
southenn "exposed" pontion of the cyclone. (DMSP
imagery from AFGWC, Offutt AFB, NE)
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TC 21-78

Tropical Cyclone 21-78, the 4th cyclone
of the year in the north Indian Ocean, pre-
sented forecast problems for JTWC. More
importantly, however, the small country of
Sri Lanka suffered one of the worst disasters
in its history.

Forecasting problems were related, pri-
marily, to the paucity of data in the Indian
Ocean. Reconnaissance aircraft are not rou-
tinely tasked on missions in the Bay of Bengal.
Radar data is practically unheard of, and con-
ventional data, especially from ships and
aircraft transitting the Arabian Sea and Bay
of Bengal, are minimal to non-existent.
Therefore, almost total reliance on satellite
data is the rule. Real-time satellite imagery
of this area is not available at JTWC.

Data is received at AFGWC, analyzed and reports
are sent some three to five hours after data
time. Analysis of TIROS-N, APT satellite

data from the USS LaSalle was used to sup-
plement fix data.

On the 19th of November, an area of con-
vective activity about 300 nm (556 km) north-
west of Sumatra began to show increased
organization, and a Tropical Cyclone For-
mation Alert was issued at 0705Z on the 20th
of November. 2005427 satellite data, received
from AFGWC just after the formation alert was
issued, showed that a 15 nm (28 km) eye had
formed and the tropical disturbance was imme-
diately upgraded to Tropical Cyclone 21-78 with
maximum winds of 40 kt (21 m/sec). The presence
of an eye is often indicative of typhoon inten-
sity; however, because TC 21-78 appeared quite
compact and also because satellite intensity
analysis techniques are not specifically designed
for application to Indian Ocean cyclones, a
more conservative 40 kt (21 m/sec) was deemed
more representative of the cyclone's true
surface intensity.

Even though synoptic data were generally
quite sparse, sufficient upper-air reports
were available to indicate that a well-
defined mid-tropospheric high pressure cell
was situated over central India, with strong
ridging extending eastward over the Bay of
DAar~al m Qomraddaim o4 o = ENN wmle sxd m Ars ez
poliiyad ww Duuulcaa\. ABLG- LUV LI WALLIUDS UvolL

the east Indian coast were from the northeast
at 25 to 30 kt (13 to 15 m/sec) at that time.

Initial forecasts showed TC 21~78 tracking

Initial forecasts showed TC tracking
slightly north of west, then west. It was
reasoned that the west-northwest track would
be forced more westward as the nvc'I_Qne came

under the influence of mid-level northeasterly
steering flow nearer the Indian coast.

The mid-level northeasterlies apparently
extended considerably further into the Bay
of Bengal than analyzed, because TC 21-78
actually moved west-southwest at 5 to 7 kt
{9 to 13 km/hr) for the next 48 hours (Fig.
3-34), continued to intensify slowly and
reached typhoon intensity by 2208002
November.

During the subsequent 48~hour period,
the high pressure cell over central India“

migrated eastward into the Bay of Bengal to
a position north of the cyclone. Northerly
500 mb winds reported by stations along the

reporced 1S alon Lne

FIGURE 3-34.
(26 m/sec) intensity moving AZowty towarnd Sni-Lanka,

Ingraned image of TC 21-7§ at 50 kt

21 November 197§, 0542Z. (DMSP imagery fnom AFGUC,
Offutt AFB, Nebraska as neceived by FWF Suitland,
MaryLand)

west coast of India were the first clue that
still another high pressure cell had devel-
oped over the Arabian Sea. TC 21-78 reached
the southernmost point of its track at
220800z and thereafter began to move to the
west-northwest toward a weakness between the
Arabian Sea and Bay of Bengal highs.

The system continued to intensify and
made landfall on the east coast of Sri Lanka,
near Batticaloa, with maximum sustained winds
of 95 kt (49 m/sec), at 231400z. At 2312002,

nth.LL,dLUd lldu LCPULCEU a bu.[Id(.e W.].Il(.l UI
85 kt (44 M/sec) from the north. TC 21-78
crossed Sri Lanka in slightly over 12 hours

and axitred into the Gulf of Mannar

{rmaaw +ho
and exitced 1ntl Tie Lual O Mannar

{near the
city of Mannar) on Sri Lanka's west coast
(Fig. 3-35).

With max winds reduced to 45 kt (23 m/sec)
due to the terrain effects of Sri Lanka, the

r-yn'l one than

struck sounthe ona of
cione r

+ho
e 10 I_Alc DUU\_IICJ.JL \a\JG.DI- UL
India north of Tuticorin weakening still
further to 30 kt (15 m/sec), before it moved

into the Arabian Sea north of Cochin.

Taen

From 240000Z to 2800002 a basic north-
westward track was evident. The key to
understanding this movement can be found by
examining the 500 mb analyses during that
period. The high pressure cell that was
over the Arabian Sea moved eastward into
central India, then shifted east-southeast-
ward into the Bay of Bengal. 500 mb reports
from Sri Lanka and southern India at 2512002
showed 20 to 25 kt (10 to 13 m/sec) winds
from the southeast, which supported the
cyclone's northwest movement.



TC 21-78 did not reintensify signifi-
cantly after its passage across Sri Lanka
and Tndia {T+ waes avnap+ad +5 raintonos Fo
S aailiad,s LAt WAdS TapTliel U ICLINCLSiSitly
once it was again over warm water, but re-
intensification was slight and the system
never again develoned above tronical storm

developed above tropical storm
strength.) By 270600Z the cyclone's upper
level center began to shear off from its
surface center and satellite data revealed
only low-level cloudiness signifying a low-
level circulation. Warnings continued on

the cyclone until 290800Z because it was felt
that regeneration was still possible. By the
29th, satellite data indicated that TC 21-78
had weakened to the point that it was no
longer a significant tropical circulation.

TC 21~78 was one of the most destructive
storms of the year in either the Indian
Ocean or West Pacific. Approximately one
thousand people were killed and thousands
of acres of crops were destroyed in Sri
Lanka by the cyclone's winds, rain, and
associated storm surge. In southern India
only 10 people were killed:; however, eighteen
to twenty-five foot waves produced by the
storm surge submerged 45 villages. Luckily,
because of ample advance warning, the in-
habitants were evacuated in time.

FIGURE 3-35. TC 21-78 Located over north-central
Sni-Lanka, 24 November 1978, 0118Z. (DMSP imagery
from AFGUC, Of4{utt AFB, Nebraska)
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3. CENTRAL NORTH PACIFIC TROPICAL CYCLONES well-defined and that 1978 was a record year
for the number of tropical storms and hur-

The Central Pacific Hurricane Center ricanes. This season not only set a record
(CPHC) personnel saw 1978 as the most active number of occurrences but also produced a
tropical cyclone year on record for their cyclone with an exceptional length of travel
area of responsibility (north of the eguator and persistence of hurricane intensity (Fico),
from 140W to 180). Table 3-9 details the as well as one of the two most intense hur-
seven tropical cyclones that either formed in ricanes on record in the central Pacific
the central Pacific area or moved in from the (Susan). Table 3-11 is a warning summary for
eastern Pacific area. Table 3-10 shows the the central North Pacific.

central Pacific .tropical cyclone "season" is

CENTRAL NORTH PACIFIC

I 1978 SIGNIFICANT TROPICAL CYCLONES I
CALENDAR MAX MIN
DAYS OF SFC OBS NO. OF WARNINGS
CYCLONE TYPE NAME PRD OF WARNING* WARNING WIND SLP TOTAL AS HU
I 07 HU FICO 17 JuL - 28 JUL 12 100 955 43 39 I
10R** TD TD 10A Q7 AUG - 09 AUG 3 30 - 11
12 HU JOHN 23 AUG -~ 31 AUG 9 90 965 31 8
13 TS KRISTY 26 AUG -~ 28 AUG 3 50 - 11 -
14 TS LANE 20 AUG - 24 AUG 5 S0 - 18 -
15 TS MIRIAM 28 AUG - 01 SEP 5 55 - 18 -
30%* HU SUSAN 18 OCT - 24 OCT 7 120 954 24 15
I 1978 TOTALS 35aH* 156 62 I
* Warning period while in central Pacific area.
*x Cyclones that formed in the central Pacific area; all others began in the eastern Pacific area.
Tropical Depression 10A was given the "A" suffix to clarify its individuality when Tropical
Depression 10 formed in the eastern Pacific area.

. ***  Overlapping days included once in sum. l

TABLE 3-10.

FREQUENCY OF CENTRAL PACIFIC STORMS BY MONTH AND YEAR
I (NUMBERS IN PARENTHESES INDICATE STORMS REACHING HUPRICANE INTENSITY) I
I YEAR JAN FEB MAR APR  MAY JuN JUL AUG SEP ocT NOV DEC  TOTAL I

1967 0 0 0 0 0 4 0 0 0 1 0 0 1

1968 0 0 ¢ 0 0 0 0 2 0 0 0 0 2

1969 0 0 0 0 0 0 0 0 0 0 0 0 0

1970 0 0 0 0 0 0 -0 1 0 0 0 0 1(1)

1971 0 0 ¢ 0 0 0 1) 1 0 0 0 0 2(1)

1972 0 0 0 0 0 0 0 3(L) 1 0 0 0 4(1)

1973 0 0 0 0 0 ] i1 0 ] o 0 0 1(1)

1974 0 0 ¢ 0 0 0 0 2(1) 0 0 0 ) 2(1)

1975 0 0 0 0 0 0 0 0 0 0 0 0 0

1976 0 0 0 0 0 0 0 0 1(1) 0 0 0 pX¢8)

1977 0 0 0 0 0 4 0 0 0 9 0 0 0

1978 0. 0 Q 0 0 0 1) 41 0 1) 0 0 6(3)

AVERAGE
I (1967-78) 0 0 0 0 0 0 .3(.3) 1.1(.3) .2(.1) .2(.1) 0 0 1.8(.8) I
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TABLE 3-11.

TOTAL NUMBER OF

TATAITAY

WARINLINGD

NUMBER OF WARNING

e
uru o

NUMBER OF WARNING DAYS

2 NAD MNDD mlmﬂn:‘c
Wilil 4 Un JFRD WILLAANSS

NUMBER OF WARNING DAYS

W™ 2 AR wWDRE rvvrvrmn.‘c
WLl O OUN FaURD L

TROPTCAL DEPRESSIONS

I WL

Hurricane Fico, 9-28 July. was the
longest lived and most intense eastern Paci-
fic cyclone of historical record. Fico
reached hurricane strength at 111 degrees
west longitude and maintained winds in ex-
cess of 65 kt (33 m/sec) for 18 days while
traveling 4,200 miles (6758 km) westward to
176W, near Midway Island. Although Fico's
maximum intensity of 115 kt (59 m/sec)
occurred just prior to entering the central
pacific (140W), Hurricane Susan, in October
attained winds of 120 kt_(62 m/sec) while
360 miles (579 km) southeast of Hilo, Hawaii,
making her the strongest tropical cyclone
ever observed near the Hawaiian Islands.

Hurricane John and Tropical Storm Kristy
were named .at the same time, 0000 GMT, 19
August 1978, while in the eastern Pacific.

At this time Tropical Storm Lane was centered
further west than the others, thereby ex-
plaining why it entered the central Pacific
out of alphabetical order.

GOES-3 imagery (Fig. 3-36) depicts tliree
cyclones; John, Kristy, and Miriam. At the
time of this satellite photograph, John was
at tropical storm intensity and subsequently

1

(-]
C

w

o wn

o °
L [

weakened further and meandered west-south-
westward to 170W.

With the demise of Troplcal Storm Miriam,
the Honolulu staff felt that the central
Pacific season was likely over. But on the
18th of October, a suspicious area southeast
of Hawaii rapidly developed into a full-
fledged tropical storm. This was the capri-
cious Susan, the last storm of the season.
Susan attained tropical sterm intensity at
preclsely the same location where the first
eastern Pacific storm of the season, to
threaten the central Pacific area, Bud, dis-
sipated; near. 10N-145W. Continuing to inten-
sify, by the 2l1lst, Susan became one of the
two most intense hurricanes on record in the
central Pacific. Maximum sustained winds of
120 kt (62 m/sec) equaled those attained by
Celeste in August of 1972. Figure 3-37 de-
picts Susan at 220016Z during peak intensity
while a very real threat to the Hawaiian
Islands. After reaching a point 220 nm
(408 km) southeast of the Big Island, however,
Susan turned sharply to the southwest, very
rapidly dissipated, and luckily the Hawaiian
Islands were once again spared.

An individual summary of Hurricane Fico
follows.



naded §rom Huwuiicane John) 44 ceﬁtmed 240 nm (417 km) south-southwesl
ded to a tropical distunbance, 600 nm (1120 km) easi-nontheast of Hifo,

FIGURE 3-36. Tropical Stoam John (downg
of South Point, Hawail. Knisty, downgia
Hawaii, and Tropical Storm Miriam 925 nm (1714 @m) southeast of Hilo, Hawaii, 27 August 1978, 2315Z.

(GOES imagerny from SFSS, Honolulu, Hawail}
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HURRICANE FICO

Hurricane Fico entered the Central
Pacific at 16H~140W on 17 July 1978 with
maximum sustained winds near 80 kt (41
m/sec). Fico attained a maximum intensityv
of 115 kt (59 m/sec) while still in the
Eastern Pacific east of 140W. Fico pro-
ceeded along the l6th parallel to a point
due south of South Point, Hawaii. U. S.
Air Force aircraft and satellite reconnais-
sance and NESS satellite imagery showed a
steady increase in Fico's intensity during
its travel from 140W to its position south
of South Point.

surf due to open ocean swell from Fico
began to rise on the 18th, with some beach
road flooding along the southeast coast of
the Big Island when Fico was 500 nm (927
km)  to the southeast. Higher than normal
surf at this time was also enhanced by
southerly swell from a southern hemisphere
storm. By the morning of the 19th, Civil
Defense officials reported 30 foot (8.1 m)
surf breaking well offshore with smaller
15 to 20 foot (4.6 to 6.1 m) short period
surf doing considerable damage to beach-
front homes and roads on the Big Island.
Eight to 12 foot (2.4 to 3.7 m) surf was

mmiaen Moi1d iy manmn Af fho

observed on Eastern Maul by noon OL itne
19th, with water over roads but no damage

reported., Very short period surf of simi-
lar heights reached southern Oahu and
southern Kauai on the following day.

On July 20 {Fig. 3~38), the hurricane
was 175 nm (324 km) south-southeast of
South Point with maximum sustained winds of
100 kt (51 m/sec). Late on the 20th, Fico
began moving northwestward and maintained
100 kt (51 m/sec) winds until 190 nm (325
im) due south of Kauai. A strong trade
wind gradient, increased by the proximity of
Fico, caused strong gusty winds over all
the Hawaiian Islands with numerous. reports
of 50 kt (26 m/sec) or more, accompanied by
falling trees and power line outages.

Fico maintained hurricane intensity
for 17 days and was tracked by the Honolulu

and San Prancies 5 ot1ry o
and San Francisco National Weather Service

forecast offices (with much support from

respective NESS units) for approximately
500N nm (Q26& km) Tha affartce AfF T3~

5000 nm (9266 km). The effects of Fico
were felt during and after extratropical
transition; remnants of Fico, enmeshed in a

strong cold frontal system, inflicted heavy

rain and up to 40 'kt (21 m/sec) winds on

ships southeast of Cold Bay in the Aleutians
on July 31,

Hurricane Fico. thaeatenLng Hawaidi, 20 July 1978, 01152,
z <
&
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CHAPTER IV

= SUMMARY OF FORECAST VERIFICATION

verified against correspondlng best trac?s

and vector errors and right angle errors were
calculated (Table 4-1). Annual, mean errors
are listed in Table 4-2 for comparison. Fre-
guency distributions of the vector errors of

48~ and 72-hour

’ ana geiel

1978 cyclones are shown in Flgure 4-1 and

annual, mean vector errors are graphed in
Figure 4-2. Pr. 1s reports have sh

for
IQr

graph of the annual, mean vector errors for
typhoons when best track intensity at verify-
ing time was 35 kt or greate . subset,
error graph is shown in Figure 4- 3. Mean
vector errors shown in Figure 4-3 are lower
than those depicted in Figure 4-2; nonethe-
less, similar trends are evident from year to
year.

I WARNING 24_HOUR

POSIT RT ANGLE ] FCST KT ANGLE

CYCLONE ERROR ERROK_ WRNGS  ERROR ERROR
ZYCLONE | LBROR  ERROR =~ WRNGS ~ ERROR  ERROR
I 1. TS NADINE 23 15 20 185 109
2. TY OLIVE 14 10 36 100 62
3. TS POLLY 16 10 16 93 50
4. TS ROSE 37 21 7 235 142

5. TS SHIRLEY 24 15 3

6. TY TRIX 21 17 38 174 122
7. TY VIRGINIA 20 12 43 112 63
8. TY WENDY 21 12 40 112 75
9. TS AGNES 10 7 22 97 59
10. TS BONNIE k) 20 8 121 36
11, TY CARMEN 19 10 36 124 56
12. TS DELLA 29 20 10 116 73
13. TD-14 25 23 6 169 127
14. TY ELAINE 22 15 20 132 77
15, TY FAYE 15 12 44 158 113
16. TS GLORIA 21 13 11 138 79
17. TS HESTER 34 17 9 198 28
18. TY IRMA 14 12 15 92 44
19. TY JUDY 19 12 18 127 51
20. TS KIT 32 16 21 165 84
21. TY LOLA 13 9 34 54 40
22. TY MAMIE 25 14 18 182 68
23. TS NINA 19 16 35 120 94
24. TY ORA 19 14 21 124 99
25. TD-26 40 10 7 218 22
26, TD-27 38 30 6 175 168
27. TY PHYLLIS 22 13 28 132 86
28. ST RITA 15 10 51 107 60
29, TS TESS 29 21 20 108 53
30. TD-32 50 33 12 133 108
31. TY VIOLA 19 10 29 96 51
32. TS WINNIE 34 16 12 238 81

FORECASTS

48 HOUR 72 HOUR I
# FCST RT ANGLE  § FCST  RT ANGLE #
WRNGS ERROR  ERROR _WRNGS ERROR ERROR  WRNGS
16 568 381 12 280 708 8
32 224 129 28 328 215 20
12 139 93 8 208 97 H
3
35 425 298 30 657 531 23
39 231 127 35 399 283 31
36 235 188 30 328 188 30
19 243 191 12 410 309 3
4
30 250 129 19 429 266 12
6 217 131 2 I
2
16 278 157 12 263 174 8
40 360 285 36 514 396 29
7 496 331 3
5 300 52 1
12 134 31 8 154 67 4
14 242 131 10 346 185 6
18 231 134 10 295 210 7
30 112 72 26 134 88 17
14 386 143 10 722 327 6
31 240 212 27 382 340 22
17 314 239 11 460 391 s
a4
3
24 263 198 20 436 377 15
47 214 114 43 301 157 39
15 194 127 12 387 237 8
9 401 349 s 973 871 1
25 269 172 21 434 338 17
8 614 274 4

I TABLE 4-2. ANNUAL MEAN FORECAST ERRORS FOR THE WESTERN NORTH PACIFIC. I
24-HR 48-HR 72-HR
YEAR VECTOR  RIGHT ANGLE VECTOR  RIGHT ANGLE VECTOR  RIGHT ANGLE
1970 104 190 - 279 -
1971 111 64 21z 1is 317 177
1972 117 72 245 146 381 210
1973 108 74 197 134 253 162
1874 120 78 226 157 348 245
1975 138 84 288 181 450 290
1976 ‘117 71 230 132 338 202
1977 148 83 283 157 407 228
1978 127 7 271 179 410 297
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FIGURE 4-1. Frequency distnibution of 1978 24-, 48-, and 72-hour forecast vecton enrwons for all significant
tropical cyclones 4in the western Nonth Pacific.
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Intensity verification statistics
significant; tropical cyclones in the

North Pacific area are depicted in
4-4 and 4-5. The average absolute

for all
western
Figures
the intensity bias (algebraic average) are
graphically depicted. 2An analysis of the
errors indicates that JTWC intensity fore-
casts often lag the true intensity; in an
intensifying situation, JTWC underforecasts,
and in a weakening situation, JTWC over-
forecasts thereby causing large average mag-
nitude error but small average bias. Objec-
tive intensity forecasting aids verification
is also depicted in Figures 4-4 and 4-5.

(An explanation of the objective forecasting
aids can be found in this chapter, Section 2
- Comparison Of Objective Techniques.) It

is interesting to note that the objective
intensity forecasting aids consistently over-
forecast by approximately 10 knots.

I JTWC mmums II

FCSTINT eeese
" Coma-——~
30 RECRe—me

-
.—Q?aﬁﬁﬂsz:.

0 s © 0 - — — — . — - — -

L | [
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R O Y A

-10
l HRS 24 48 72 I

FIGURE 4-4. Comparison of average intensity errons
(magnitude) for all cyclones in the western Noath
Pacigic.
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FIGURE 4-5. Comparison of average intensity errons
(biases] for all cyclones in the westenn Nonth Pacific

L4 -

b. North Indian Ocean Area

Forecast postions at warning times
and 24- and 48-hour valid times were verified
by the same methods used for the westexrn
North Pacific area verification. Table 4-3
is the forecast error summary for the four
significant tropical cyclones in the North
Indian Ocean area. Table 4-4 contains the
annual average of forecast errors back
through 1971. Vector errors are plotted in
Figure 4-6.

Forecast intensities were not veri-
fied.



CYCLONE

18-78
19-78
20-78
I 21-78

TABLE 4-3. 'FORECAST ERROR SUMMARY FOR THE 1978 NORTH INDIAN OCEAN SIGNIFICANT TROPICAL CYCLONES. I

WARNING 24 HOUR 48 HOUR
POSIT RT ANGLE # FCST RT ANGLE ¥ FCST RT ANGLE #
ERROR ERROR WRNGS ERROR ERROR WRNGS ERROR ERROR WRNGS
55 51 4 88 41 3 78 45 1
35 25 7 203 183 3
54 25 1z 165 101 9 205 102 5
31 18 16 104 62 13 213 147 11
41 25 39 133 86 28 202 128 17

NM
5¢0

»

300

200

100

TABLE 4-4.

YEAR

1971
1972
1973
1974
1975
1976

1977

1978

ANNUAL MEAN FORECAST ERRORS FOR THE NORTH
INDIAN OCEAN (THE ARABIAN SEA WAS NOT
INCLUDED PRIOR TO 1975).

24-HR
VECTOR  RIGHT ANGLE
232 . -
224 101
182 99
137 81
145 29
138 108
122 94
133 86

48-HR
VECTOR  RIGHT ANGLE
410 -
292 112
299 160
238 146
228 144
204 159
292 214
202 128

INDIAN OCEAN FORECAST ERRORS

N Jos2 99
S
232 ~, Jass .
24HR.""‘---. 2'4 P ‘.5.'.
~,
ki 182
.,
"*‘3.7-“-,-----,
e s wndenn
1971 972 1973 1974 1975

(2}

4)

(4)

m

(6)

*Arabian Sec not included prior to 1975




'2. COMPARISON OF OBJECTIVE TECHNIQUES
a. General

Ob]ectlve technlques employed by
JTWC are divided into four main categories:
{1} climatological and analog techniques;
(2) extrapolation; (3) steering techniques;
and, (4) a dynamical model. The analog tech-
nigue provides three movement forecasts, one
for straight moving cyclones, one for re-
curving cyclones and one combining the tracks
of straight, recurving and cyclones that do
not meet the criteria of straight or recurv-
ing analogs. All technigues were executed
using the operational data available at the

warning time.

b. Description of Objective Technigues
(1) TYFN75 - Analog program which
scans history tapes for cyclones similar
(within a specified acceptance envelope) to
the current cyclone. Three 24-, 48—, and
72-hour position and intensity forecasts are

provided.

ana

(2) MOHATT 700/500 - Steering pro-
gram which advects a point vortex on a pre-
selected analysis and smoothed prognostic
fields at designated levels in 6-hour time
steps through 72 hours. Utilizing the pre-
vious 1l2-hour history position, MOHATT com-
putes the 12-hour forecast error and applles
a bias correction to the forecast posit

ion.

(3y TCM - Tropical Cyclone Forecast
Model is a coarse mesh (220 km; PE Model,
with the digitized storm warning position
bogused at the 850 mb level of the FNWC
Global Band Analysis ut;;lZlng wind and
temperature fields. Boundary conditions
permit no mass transfer across north or
south walls, and east/west boundaries are
cyclical.

83

(4) FCSTINT - Intensity forecast
program which utilizes statistical regres-

sion nnun+1nnc +o nrovide ’711.. 48_’ and 72-

sion QTLCNES TC pProvige ana

hour forecast intensities.

{8y 12-

2

-HR EXTRA

POLATION - A +

L LON &S

through current warning position and l2-hour
s

(6) HPAC - Mean 24 and 48 hour fore-

cast positions are derived by averaging the

derived averaging the
24 and 48 hour positions from the 12-ER
EXTRAPOLATION track and a track basecd on

climatnlooy
CiiMatilgy.

Cimilar +~ MUDNTC

INJAH74 - Analog program for
[e] n Slitaidl ¢O 1IrnN S,

exce t tracks are not segregated.

(8 TYAN - 2n undated an alo

t8] JXAN all updacted ana

which combines TYFN75, INJAH74, and other
analog programs for the remaining northern/

southern Pacific QOcean areas a2nd the South
Sl LTl ST Rva L s VWO HIL QaTQo duia Ll JVvuLL
Indian Ocean.
{9) CYCr ~ An urndated version of
L2 CLOP Al updated versicn of

MOHATT program whlch has the capability to

select steering forecasts at the 1000, 850,
700, 500, 400, 300 and 200 mb levels

c. Testing and Results

. A comparison of selected techniques
is included in Table 4-5 for all western
DamniFir~ ~rumnlAarnac anwd a1l A_L £

FatLiai il LYCaOlieEs aliG J.Cll)Lﬁ “4=0 LOTI J.uu..LaIl
Ocean cyclones. In Tables 4-5 and 4-6
"X-AXIS" refers to techniques listed hori-
2Aan+ally amvaca F2ha dam a1 MU_avroln
avu;_c}&&}! QAQLLVOS S l:UkJ' Wiire L=HBLLO
refers to techniques listed vertically. The
example in Table 4-5 compares COMB to MH70.
In the 407 cases available for comparison
the average 24-hour vector error for COMB
was 139 nm, while that for MH70 was 140 nn.

Mhn A3 E€Amm

_The difference of 1 nm is shown in the lower

right. (Differences are not always exact
due to computational round off.)



TABLE 4-5.

HPAC

g

L | |
g 8
3 B

574
127

462
147
509
140

516
136

440
140

374
145

128
175

117
237

564
137

538

137

183818

2

127
0
220
27

126
14

125
1

128
14
125
20
122

53

121
116

127
1

127
9

435
2n

368
301

389
262

330

»
s
E4

325
289

278
288
284

84
362
425
291

394
262

o

o

Se
-
&
3

442 148
138 -10
445 147
134 -2

373 150
134 -15

318 148
40 ~7

111 150
156 6

102 149
213 64

458 147
128 -17

454 147

128 =18

m
o
262 388
39 308
264 368
-1 267
263 369
=11 252
270 307
18 284
269 264
19 2%
262 85
22 275
266 80
96 354
270 374
21 289
276 354
-13 247

304

310
-42

303

316
~31

313
=23

295
~19

308
47

302
-12

305
-57

RECR B MI70 450 o8 D Poriig
WMBER X-AXIS
oF TECHNTQUE
CaSES =RROR

511 141

40 Y-AXIS ERROR

o an TECRVIQUE DIFFERENCE

496 140 EREOR X

137 -2

402 143 442 140

41 -2 10 @

341 143 375 135 375 145

147 3 145 10 145 0

120 135 16 137 99 138 97 147 128 175

172 37 1795 38 180 42 182 35 15 0

110 135 U1 14l 92 136 89 142 82 172 117 237

235 100 236 96 251 115 253 111 251 79 237 O

506 240 513 137 435 140 371 146 126 173 117 237 567 137

137 -2 137 o0 137 -2 13¢ -1l 129 -43 130-106 137 0O

486 141 492 137 423 139 360 143 123 170 115 231 541138

136 -4 136 -1 135 -3 133 -9 .127 -42 129200 137 O

STRA

191 306 422
21 422 o
403 288 429
81 35¢ -7
400 292 421
-74 325 -95
412 229 431
34 442 11
407 200 433
32 30 ~1
414 6 402
38 447 45

V] )] ']

405
268

394
256

314
293

267
23

86
287

83
364

393
293

367
258

265
-8
281
12

283
10

256

1
260
104
264

266
-6

410
316
291
bais

81
284

82
362

397
291

368
256

RECR
320 1359
39 0
313 358
336 -21
458 373
233 85
203 378
433 S5

63 356
466 110
o o

343
293

291
288

71
302
385

325
301

314
260

72-HOUR

290
-1

269

32
260
125

291
10

290
-29

324
334

235
454

294
288

69

67
385
285
297

271
257

JWC - COFFICIAL JTWC
STRA - STRAIGHT (TYFN 75)
RECR - RECURVE  (TYRN 75)
oGB - OB (TN 75
M0 - MOHATT 700-¥8 PROG
MHS0 - MCHATT S500-#N PROG
TQ4 ~ TROPICAL CYCLONE MODEL (SAME WARNING}
D -~ ICAL CYCLONE MODEL {; DATA)
XTRP - 12-HOUR EXTRAPOTATION
HPAC = MEAN OF XTRP AND CLIMATOLOGY
288
Q
270 92 284
35 284 ]
263 5% 258 87 363
122 370 72 363 0
288 88 281 85 362 438 294
8 28 5 303 -59 298¢ O
287 86 283 82 364 406 298 407 263
-29 245 -37 257 1206 263 -34 263 o

MH70
255 449
449 o
220 434
429 -4

51 414
495 Bl
o o

MH50 TCMW
221 430
430 o
49 430 6B 458
430 5 458 0
o} o} ) [}




ﬁ

I JTHC INJA MH7@ MHS52 XTRP HPAC
JTWC 28 133
133 0
NUMBER X-AXIS
INJA 20 136 23 132 oF TECHNIQUE
I 117 -18 132 4] CASES ERROR
MHT78 9 128 8 122 10 219 Y-AXIS ERROR
222 95 245123 219 0 TECHNIQUE DIFFERENCE
ERROR Y-X
MH5@ 7 131 6 117 7 236 71251
I 251 120 282 165 251 15 {251f ©
XTRP 25 119 22 128 9 203 6 231 28 151
137 18 159 31 133 -63 109-123 151 O
HPAC 22 117 18 119 6 246 3 331 24 144 24 123
I 114 -1 124 5 134-111 105-225 123 =20 123 ©
I 18-HOU
nUVn
I JTWC INJA MH7@ MHS5@ XTRP HPAC
JTWC 17 202
202 © JTWC - OFFICIAL JTWC FORECAST
INJA - ANALOG
INJA 11 194 14 231 MH7@ - MOHATT 700-MB PROG
202 8 231 0O MHS5¢ ~ MOHATT 500-MB PROG
XTRP - 12-HQUR EXTRAPOLATION
MH7Y 3 99 3 270 4 224 HPAC - MEAN OF XTRP AND CLIMATOLOGY
149 49 263 -6 224 O
MH5@ 3 168 3 310 3 279 4 243
246 78 270 -39 186 -93 243 0
XTRP 16 200 13 214 3 149 3 246 19 286
244 44 298 85 304 155 330 84 286 O
HPAC 15 205 12 211 2 82 2 287 18 276 18 221
191 -13 225 13 88 6 201 -85 221 -54 221 O

TABLE 4-6.
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CHAPTER V - RESEARCH & DEVELOPMENT SUMMARY

1. GENERAL.

Part of the mission of the Joint
Typhoon Warning Center is to conduct applied
tropical cyclone research as time and re-
sources permit; the objective of this
research being the improvement of opera-
tional forecasts. This year, due to the
installation of the Naval Environmental
Display Station (NEDS), the JTWC staff
devoted considerable time and effort in con-
verting and updating operational programs
and streamlining operational procedures for
compatibility with the NEDS. The following
abstracts summarize the year's research and
development projects completed or still in
progress.

2. TROPICAL CYCLONE MINIMUM SEA LEVEL
PRESSURE - MAXIMUM SUSTAINED WIND

RELATIONSHIP

(Shewchuk, J. D and Lubeck, 0. M.,
FLEWEACEN/JTWC)

The pressure-wind relationship devel-~
oped by Atkinson and Holliday, Tropical
Cyclone Minimum Sea Level Pressure - Maximum
Sustained Wind Relationship for Western
North Pacific (FLEWEACEN TECH NOTE: JTWC
75-1), is a nrlmarv frnn1ra1 cyclone inten~-
sity determination tool used for JTWC opera-
tions. The current research is an attempt
to update and refine the Atkinson and
Holliday study using the original data plus
new data from 1975 to present. The current
regression equation will be re-evaluated
using new cases as an independent data set.

3. EQUIVALENT POTENTIAL
TEMPERATURE/MINIMUM SEA LEVEL PRESSURE
RELATIONSHIPS TO FORECASTING TROPICAL
CYCLONE INTENSIFICATION

and Dunnavan, G.,

(Hassebrock, A. W.
FLEWEACEN/JTWC)

The relationship between equivalent
potential temperature at 700 mb in the cen-
ter of developing tropical cyclones and
associated intensity changes was first
Tl A T QiTmmmn (RMT 187EY wiih = £l ew
exXpiored py o1lKO0Ld \alk 13/0) with a Loliliow=
on study by Milwer (ATR 1976). These two
studies produced conflicting results, but a
.......... xR2r tar Hacealsn~l AmD 1Q77)Y
buubﬁ(ﬂu:lll— b\,uu_y U'Y HAaboOTULIULAK \ALNN X220 10)
showed that there was a relationship between
changes in equivalent potential temperature
amA anhansiiandt Ahancgae in #rAanicsal runlana
anda sudssejuentc Caanges in Tilpadlda CyCaOlc
intensity. The tropical cyclones of 1976-78
have been used to evaluate the relationship

+hare 1ea avidence +hat +ha +nr~hn1nnc=
there is evidence that cecnnaigu

and
ana

developed by Hassebrock have some merit.

In order to widen the data base, the tech-
nigues will be evaluated for the 1979 f'rnn1—

nigques willi De evaluated Io

cal cyclone season, and also for troplcal
cyclones occurring prior to 1976.

2]
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4. OBIJECTIVE TROPICAL CYCLONE INITIAL
POSITIONING WITH A WEIGHTED LEAST
SQUARES ALGORITHM

{Lubeck, 0. M. and Shewchuk, J. D.,
FLEWEACEN/JTWC)

Recent studies indicate tropical
cyclone forecast errors through 72 hours
can be reduced by more accurate initial
warning position estimates. This study
is an attempt to develop an objective and
standardized method of determining initial
position based on all available fix infor-
mation and their respective accuracies.
The method employed is a least squares fit
to the available fix data with a weighting
scheme which is inversely proportional to
the stated fix accuracies. This method
can also be extended to objectively deter-
mine tropical cyclone best tracks.

5. ESTABLISHMENT OF THE JTWC TROPICAL
CYCLONE DATA BASE

(Curry, W. T., FLEWEACEN/JTWC)

A data base of climatological data
related to each tropical cyclone in the
western North Pacific, Arabian Sea and Bay
of Bengal from 1966 through 1978 is being
established on FNWC computer mass storage
systems. Included are é6-hour best track
positions (intensities, direction and
speed of movement); 24-, 48-, 72-~hour ob-
jective technique forecasts and official
forecasts of JTWC; and tropical cyclone fix
data (position, intensities, platform, etc.}.
This data will be maintained on disk and
tape files at FNWC Monterey, California and
updated annually.

6. NEDS/COMPUTER APPLICATIONS

(staff, FLEWEACEN/JTWC)

The advent of the Naval Environmental
Display Station (NEDS) at FLEWEACEN Guam has
provided the JTWC access to the large
general purpose computer system at FNWC.
Impact of the NEDS on operatlons at the JTWC

has been studied and a NEDS me&tmcuuab;uu
plan has been drawn up which includes exist-
ing operational requirements as well as

future capabilities allowed by the NEDS.

Considerable automation of time con-

+tanlte hacs haan accom-—
tasks has Deen accow

ot D e

bumlug Lumyuuau;uua;
plished with computer programs written to
execute at FNWC. Existing post-analysis

________ ally cocded +0 execute on FWC
programs \.u.a.g.;ucu..a.x coaed

Guam's CDC 3100 computer have been converted
to execute at FNWC. In addition, numerous
ave been added to the programs.

o
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NEDS graphics capability is being
developed to depict forecast tracks from
objective technigues. Establishment of a
tropical cyclone data base on FNWC mass
storage devices has been initiated and con-
tract work has resulted in conversion of
JTWC's objective techniques to execute on
FNWC computers. Considerable effort has
been expended to evaluate and monitor the
program conversions.

7. BASIC STREAMLINE ANALYSIS AND TROPICAL
CYCLONE FORECASTING TECHNIQUES GUIDE
(Guay, G., FLEWEACEN/JTWC)

nees 1in s;l;am;lnn analysis and the use
uél available troo1ra, rwcl@ne Forpra<.1n0
techhldues. The gu1de will also be used in
STORMEX training (training scenarios for
Det 4 HQAWS, 54 WRS,
8. STATISTICAL EVALUATION OF JTWC
OBJECTIVE TECHNIQUES
(Lubeck. O. M., FLEWEACEN/JTWC)
Present forecast aids used ky the
typhoon duty officer include many objective

techniques. Little information beyond annual
average errors, however, is known about the
techniques. A statistical evesluation is

being accomplished in hopes of finding sys-
tematic biases and confirming/denying pre-
vious subjective determinations.

JTWC and AJTWC personnel).

9. JTWC FORECAST CONFIDENCE

STATEMENTS
(Hassebrock, A. W., Ihli, C. B., Jr. ané
Lubeck, 0. M., FLEWEACEN/JTWC)

JTWC developed and implemented procedures
for computing objective, probability confi-
dence statements as a result of requirements
stated at the 1978 Tropical Cyclone Confer-
Forecast error probabilities were ap-
pended to Prognostic Reasoning Messages during
the 1978 season. An evaluation of these con-
fidence statements and Strike Probability

Program (STRIKP) information (provided by

NEPRF and FNWC Monterey) was performed and
nnh11=haﬂ in the 1979 Pacific Command Trooi ca

ence.

1
the £acCliic Lommanda 1Yopical

Cyclone Conference Proceedings Report.

10. THE TRANSITIONING OF TROPICAL
CYCLONES TO EXTRATROPICAL CYCLONES

(Guard, C.
Samson, NEPRF)

P., FLEWEACEN/JTWC and Brand,

Results of the examination of the rost-
recurvature transition of tropical cyclcnes
to extratropical cyclones were published as
NAVENVPREDRSCHFAC Technical Report TR 78-02,
Extratropical Storm Evolution from Tropical
Cvclones in the Western North Pacific Ocean
in July 1978. Capt. Guard, now of AFGWC,
Offutt AFB, NE, presented further results at
the 12th Technical Conference on Eurricanes
and Tropical Meteorologv in April 1979 at
New Orleans, LA. His report was entitled
The Intensity of Recurving Western North
Pacific Tropical Cyclones: A New Look.

During 1979, the JTWC staff will be evaluating
the rules-of-thumb generated from the research
results.
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11,2 167+ 4y, 194 =D, 261 1032
11e5 10be) %5, 172, ~12s 23 1614
11.7 16463 100 13. =S¢ 12.4% 1947
11.7 16268 75,  he Ve 1264 15743
1ie8 16163 15, Ae 9. 124K 199.¢
11.6 1994 &g, Be =1Ve 1247 1532
1le4 198.2 YbH, be =iUe 117 15240
1.4 156e% Juu, Be =S¢ 12en 1514¢
11.2 15984 05, 6a 0e 123 144,49
11a) 19485 Jud, e =9, 1244 149,06
1163 15344 110, 134 =90 1le4 148.9
1143 19243 )20, e "B. 1241 147.9
11.9 151en 125, 13, =5, 12e4 1462
1.7 15003 130, 19. =10. 12e4 14644
11.6 JaBeS 335, b =lUe 1207 14322
1129 147ey 1%0. 124 =10e -12e% 1472.)
12,0 1457 145, 19, =5, 12+ 140.0
12e3 143e7 140a 19+ =59¢ 13e} 130.4
1148 14169 140, 17« 0s  1len 13a.9
1241 d4uel 1%0e 2)a =5, 12epn 133.¢
1244 13734 140, 13. =H¢ 1265 1295
12+5 135} 190, 23« =bs 1265 }26.8
1340 133e0 145, 25. <=5, j3ex 124.4
1249 131en 145, be ~10e 139 122.6
13.1 1291 145, 19¢ =5, 139 120./
13,6 12647 190, 13. =5, 144) 11Mes
13.8 1251 140, 18, 0e 143 1lhay
14.7 1233 135, 18, Oe 1061 ]110.3
147 122072 135, 13« 10« 15:9 1)l6a4
1563 1215 120. 13. 5. 159 ]117.>
16,4 1198 Y5, 8. 20. 170 11249
16,8 11Ben Yu. 26 25 1Tep 1113
1649 117«n 5, 24. 20. 17«0 1110
1741 1165 ©5, R, 19s  [8en 112en
17,2 1152 05, 34. 15, 17+9 1lu.d
16,8 115¢R D0, 29, wvs 1643 1lae>
1604 1149 50, 6+ Ve 15e6 1ll.6
16,1 1143 45, 24, 0« 15e1 1lla2
19,3 Ll4e0 4w, 58, V. Qats ey
14,5 1127 33, 39, 0.  0s0 0.0
13.8 111e2 30, 24, Ve 0e0  wav
12.B 109«4 25, 1A, [ 0e  veu
ALL FURECASTS
WHRG 24=HR &8=HR T2=HR
15, 107. 2l4e 3nl.
10 60, llaa 6,
5. 19. 264 3z,
~lae [ 9 Ou -5
51 &7 43 39
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TROPICAL STORM TESS

(November)

BEST TRacK WAKNING 24 HOUR FURELAD)
FRRORS EnRUNS
PUSET wWINg: PGSTT wWiNp  DST wiNp POSIT . wiND uS! winu
lusiyod 13,8 147.5 15 0.0 Oen Ue =0e Vs 0en U.y 0. =~ue 0
1u3iu6s 13,9 146,88 15 0.0 Uen Ue =p, Ve Oen veu 0s  ~ue e
iu3l122 1%.y 146.4 15 Oeb Qen 0. =0. ' 0«0 Vet . 0.
“kusiaBe 1441 146.y 290 0.0 Oen Ve =0e Ve [ 2Y} Veu e
lluluvZ 1444 145.6 207 0,0 0t 0. =p. 0. 0.0 Uev Qe
lloly6es ieso 145.2 29 0.0 0e0 Vs =0 O Os0 Vey O
1101124 l4.0 14449 2% 0+0 0e0 Ue  =0e Ue Qe Geu Ge
blollBZ 1542 14445 29 15,4 4247 €D, Q4. Oe 1549 téye? Se
o200l 1509 14402 3y 19.5 144s2 30, 26e  Us 16ep 14343 e
liveubl 16,0 Ja4e4 39 16,6 144en 3y, 33, Ue 18ea 14341 -5e
1102122 17.0 14446 3 1744 14401 30, 31. 0. 194K 144.1 -5
1iuciBl 18,4 145.09 35 [8,6 1é5en d0. 12s =5, 21e3 145.8 6de =jp.
Lluduol 18,4 145.5 4n 1808 1451 35, 33. -5, 2l.n lébee “loe
11030624 18,5 1464y 45 19,0 145e% 45, 16, 0. 21e3 14bau- O
1lu3122  19.5 [4643 45 19,6 (4663 45, b 0. 2243 148, -5
1lu3lsl 20.3 lubes 59 19,9 L4ban >0, 33, Uy 2147 14K, Se
1lu4uBZ 2lez 1w6ed 55 21,3 [4bes D5, 1g. Go 2545 lanew Se
LlbwubZ 2241 16649 95 2240 14749 55, S, 0, 26e] 14849 he
uel2s 23,1 147.3 64 23.0 147en 55, 18. =5, 27] 1449.6 Se
TIV4UBZ 24,2 14747 60 2442 1477 "o, 0 O0e 2844 1Sy.y 0e
1109004 25.4 1484] 6) 25,4 148es bu. 16, Ds 2943 15147 e
1102002 2644 14848 60 2647 148¢7 60, 8, 0. 3len 151e8 “Se
1193122 28.1 149.9 6p 27.9 1492 69, 39, Os 317 }S3.y ne
1105184 29,4 1514) 69 28,8 15047 60, 43, Ve 0e Uet Oe
110°004 3047 152.2 60 30.3 152+% 95, 2, =5, Os0 Ve 0 0e
1luoy6Z 3149 15349 60 32.3 15404 55, 35, =5, 0:0 0ev 0«
1100122 33.1 15649 55 33,5 }57s1 50, 26. =5. 0:0 0.0 Vs Qe
ALL FORECASTS
WHNG P4H=HR &#B=pK To=pr
AYG FORECAST POSII gRROR ?9. 108, 194« a1,
Ave H1EA1 anGLE EMROR ?le 53, 127. 237,
AYG INTENSITY MaGNITULE FRROR F 4. He “
AVG JNTENSITY BlAS =2 -1, 1s EN
NUMbe R OF FUKECASTS 20 le 12 8
9 8 3
TROPICAL DEPRESSION
(November)
BEST TwaCK WARNING 26 HOUK FORECASI
ERRORS ErRURS
PUSIT wIND POSET WIND DST WIND PostT ELE FOT)
1115182 15,3 130¢) 15 0.0 060 0. =0. 0. 0e0  0a0 =0s 0.
1110002 35,3 129.8 15 0.0 0ot Os =pe 0. Ge0 Ueu =0s  0»
lllov6s 15,3 129,5 29 Ge0 et 0. =g. 0. Ge0 Vel ~Us  0e
1110422 15,3 129.2 29 0e0 “0e Oe Oeu Deu “us O
llie482 15,3 128.9 20 Ue0 -Ne C. 0«0 _Ueu [
1117904 15.3 12845 25 1649 96e 0 173 130.2 Se
LilfubZ 15,3 128.2 25 16.3 ] 119 0a 1743 13uee Se
L1112 15.2 12Bsg 25 17.0 119, 0+ 185 12742 2 Se
LU171BZ 1541 1276 25 17.4 169, 0. 19+) )26.9 296s s,
111bypZ 1540 1273 25 14.6 37¢  0s 1465 129, 3oe =5,
1118062 14,7 12648 25 14.6 6o 0. 14e4 )126.2 4cs e
1110122 14,4 12645 25 14,6 21e 0 1403 12446 48e e
1110182 14,2 126¢]1 25 1444 21s D¢ 1%en 12402 4us 0.
111%904 1349 1257 25 1443 25.  0s 13¢R ]123.4 2%: 5.
1119962 13,7 125.2 20 13.8 6 5. 0:0 0.0 “Us 0
1117122 13.5 12446 22 13.5 0 S. 040  0e0 0 0.
1119182 13,4 12340 29 13,5 6 0. 0e0 0.0 os 0.
llewood 13.4 123,3 15 0.0 =0 0. 0« Vet -0s 0o
ALL FORECASTS
WHNG 26~HR e8=HH ;?-Hm
AVG FONECAST POSIT gRROR 50, 133, s0l. 974,
AVG HIGH| ANGLE ERROR 33. 108, 349, 871,
AVG INTENSITY MaGNITUDE FRROK i 3. M. 7ee
AVG INTENSLIY BIAS 1. 2. 1. .
NUMGER OF FOKECAS!S 12 E 7 ‘1)
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HBESI THACK

rusll Wt rOSTE

111o0p0¢ 3.6 15540 1% 0.0
1iloy6s “ay (5403 29 Qat
1116422 %46 15343 29 0«0
l1il018Z beu 19240 20 Vel
1l1fund Loty 15108 25 Ost
1111y62 B,y 14%.9 30 e}
1111128 Bo7 14805 35 He>

1111182 Yo 14701 40 9.1
1118yus Ya4 14500 40 95
1410082 10ag 144e5 45 YD
1118322 10.Y 14341 45 Qe
1118482 11e3 14108 S5p 11e5

1119002  11.7 Y4004 Sp 11.7
ki1Y06Z  f2.2 128,9 5y 12.2
11191224 12.9 1384y SE§  12.%
LELPEBL 1345 13703 69 13,7
112uyud 13,8 11645 65 4.5
lleyudZ 14,9 135.5 75 14.6
1l2ui2s 15.1 13448 85 15,2
112ulBZ  19.5 13440 100 15.5
1121004 }5.9 [3344 115 16.)
1121062 1043 13246 179 16.s
1424124 1648 131.7 125 1b.t
1121482 1744 13042 125 1742
1122002 18,3 1299 120 1.3
1122u6Z  1Yep 12901 115 19.1
1122122 2041 128.3 119 19.9
1122182 21,y 12845 100 2l.2
1423002 21.7 12941 95 21.7
1l23y6Z 22.7 130+¢ By 22.3
1423122 3.7 13le0 70 23,9
1123182 29,6 13149 by 2¢.7
1124902 25%.2-133.8 59 25.5
llg4y6Z 2bea 135:9 4n 2544

AWL FORECAST POSIt ERROR

AVG KIGHT ANGLE EWHOR

AVGL INTENSLITY MaGwITULE FRNUK
AVL INTENSLIY BIAS

NUMBER UF FURECASIS

BES! TRacK

POSIT WIND »oSIT

1125122 Y.4 147¢7 20 0.0
1125182 9.7 14747 20 00
1120004 10.u 147,8 20  0a0
1126062 1U.4 147.9 20 Qa0
1126122 10.6 148.3 20 0.0
1120182 10,8 148.7 20 0.0
1127002 10,9 149.,2 25 0.0
1127064 11eb 14945 30 tla.7
1127122 1246 14950 30 1240
1127182 1347 1484 35 12.6
1128002 14,7 1a7.8 235 14,9
11eBy62 1649 14725 35 15,7
1128122 37,7 14648 &g 10,8
1126182 1945 14644 45 1941
‘1129002 2047 14642 55 21.2
1129062 22.5 14Tes 55 22.4
1129122 2443 14949 55 2440
1129182 2644 151.7 50 26.5
1130002 28,4 155.8 ap 2842

AVYL FORECAST PQOS]Y ERROR

AYG RIGHT ANGLE ENROR

AYG INTENSITY MaGNITUDE FRROR
AYG INTENSLITY BIAS

NUMPBER OF FUxECaSTS

TYPHOON VIOLA

{November)
WARNFNG 24 ROUK FUKELADY 4d HUYR FomeCad>)d
FHRURS ErRUxS ERROND
wiND  DUST “iNg Pasyl wIND ud! slnu PuUSTT winb  0ST wINU
Q=0 O =fie Ue Dot [t O =V Ne NeV Vey Ve U, 0.
Ve Vs =fie Ue Dey Ded Oe =Ve lie Dev Usu ve {0, Ge
Qe0 Ve =Ue Ve Qep ey O =VUe e eV 00 ue =0, e
00 Ve =De [ Oev Veu Ve U e (Y] Usy Ue 0. [
Oen Ue =Mie ' Oen a0 0. “ue ne et Oeu us U, 0e
1459 39, 107 18%.4 40 Ofs =%e [Pe3 1403 2y. B2, 'R
168en 3y, 10eH 144.5 45, Hee e 1Pel 139¢Y Sye 121. =5
147e] 35, 115 1491eY #5. 13e =he |ied> 137ez 55 “By. =5.
1457 @y, 117 14ues 45. Lde =He |Aeg 1IDee PDe Bé. =lu.
Jeeen 45, Ile? 138e¢ ®p. fes loe 3eu 13225 ©5. 190, ~10.
143en 45, 12+ 137.4 Gy, JIYe “e Leg 13LeT BB (BT, =20
1418  Dy. 13+1 13%.6 Oy, lucs e thed 1297 D©Ob. 55, =35,
léyes DQ, 133 13%.0 “9e  phel 1290 fye 203, =45,
139en  >u. 13-4 13341 =1hs 19,0 127s2 Tys 320, =50.
137+4 >y, L14es 13243 =29e  [%e3 126¢] Tya 334, «5S,
13648 by, 16en 1319 =25« jha3 126e> By. gt
1399 by, 167 13142 e *hne [Tl 1254 By.
1396 Tp. 161 13247 Je =3us  1te% 129eH JUUe
1346 Ty, 1608 13140 e ®35. |T7.> 12Bed juu.
134en 83, 1761 130.1 *30e  17e> 12704 10>
1331 vl 17+R 129.9 e 1hek 12666 1254
13204 115, 1Ben 12%.1 16¢  1R.H 125eB 135,
131e% 120, 17+0 12700 20e  ifan [23.9 135,
130+7 10, 1B+3 12he! 30s  IM.B 122e8 335
1297 125, 195 125.8 3he  1W.l 1225 135,
1293 115, 2les 127.8 15 2343 13024 S
12842 1lu, 22eh 1Znac 204 Oev 00 ve =0 0«
128+4 ju5, 23k 13).3 30 Oev [LXH Vs =0, [l
128¢9 juv. 1), 243 13125 40s  0e0 00 Ve ~0.  Oe
129+7 Y5, 29, 15, 24.R }32.0 4 0eu 020 Ve =04 0.
1313 Y0, 20. 20, Q.0 Yl Oa Oav Vg 0s  ~0. Vs
13207 15, 44. 15, 0.0 ey 0 Deu 0s0 Ve =0, 0
1335 20, 24 Ve Qa0 Vev e Gev [FEXY] Us =~y 0o
1359s0 %0. 49, 0. 00 Veu e Nev 00 us  =0e Qe
AlLL FURECASTS 1YPHUONS wnlLE UVER 35 KIS
WRNG 24-HR  a8-pH  TP=HR WrinG Pa=rtl  #O0=HR  T2-nR
19, 96, 2069. 434, 1. Yhe 206Ys  434.
10, Sl. Lll2. 333, foe  m1. 17es 338
5, 19. 33. ab. S5e 10, 33 46
~l. . O =14, Go 2. Ve “l4e
29 25 21 17 28 25 (3} 1
13 g 4
TROPICAL STORM WINNIE
(Novembes)}
WAHNTING 26 hOun FORELADI 48 HOyYK FONECAS]
ERRNKS LRRUKS ERROKS
“i1Np DST WIND PostT wiND U] winp PusS1T WiND UST WINO
0«0 Us =0 [ 0.0 Ge¥ 0 =ve N 0.V 0e0 Ve =0, 0.
Qe Y. 0. V. 0.0 Vet 0, ™vs [ 0ev V=0 Ve =u, 0o
Qetr 0s =0« 0. Os0 Vev Qs "Ur Oe fet) 00 Ve  =U. 0.
0s0 0. =0 [ Q=0 VsV [ e Dev [XY)] Ve =0, O«
Ver} Ve =0e Qe [ Y1) Vsl 0s Ve De OV Vev Ve =Uq O
00 0. =0. o0, Det) Vs 04 =Ue e [T} Qo0 Ue =U, G.
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2. NORTH INDJIAN OCEAN CYCLONE TRACK DATA
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ANNEX B -~ TROPICAL CYCLONE FIX DATA

1. WESTERN NORTH PACIFIC CYCLONE FIX DATA

NOTE 1: FIXES PRECEDED BY AN ASTERISK (*) WERE NOT CONSIDERED REPRESENTATIWE AND WERE NOT
USED IN DETERMINING BEST TRACK.

NCTE 2: UNDER "SJTE" COLUMN, ICAO IDENTIFIER IS INDICATED WITH THE EXCEPTION OF FLEET
WEATHER FACILITY, SUITLAND WHICH 15 ENCODED "FWFS",

TROPICAL STORM NADINE

SATEILE TIF FIXES

FIX Tim: Fly
NDe (7} easIT10M aCory Y¥NI8K CODE SaT CHIMENTS SITE
* 1 052013 S.ON 17n.0E . Tlan GOFS2 INLIEa, 08S PHNL
e Oobt2dy ToTN 1F4o9E PCN 6 DMSHE IS PGTH
3 062043  £,5N 1RG,9E  PCN b T2u0/2.0w OmcLIn  [NITLIAL DRS PGTH
4 062134 AoBN 165 .3E PCN > NOAAS PGTW
5 OTi00v HoBN TRPLIE PCN © NOSAS.  POURLY JEFINED PGTH
o 071221 M.3N 1RW.2E PCN b OuSH as PG14
7T 07122 83N 1A7,5E PCN 6 OMSP 3 KGWC
8 072026 1n,2n 15G.UE-  PCN b Tlan/lep /#le.n/20HRS  OMSHAA PGTwW
9 0722a3 TGN VAN SE oCN b NOAAS PGTd
10 080103 10,1n VSR GE Pcy & DusP N PGTH
11 080308 9,0N 1A1.7E  PCN & OmSPan  Cl SAML PGTW
12 08u32> 94NN 161.6E PCcN 6 NOAAG PGTH
13 081206 9,5N 1A13E - PCN ® Quspas KGHC
164 0B200B  Q.9n 1A%.1E  PCN 6 Tlu0/140 /50.0/26HRS  DMSHIA PGIN
15 082157 1n,IN 162,9E COMF | Tle3/1.5 /D1s3/24HRS NoAAs  INIT1AL QRS FWFS
16 082201 In,IN 14%,0E -PCN > Nnaas PGTN
17 09u046 11,1N 1R7.7E PEN 2 DMSP 3k PGTH
18 090345 1n,4m 161.1E CONF &2 LLTY.L FuFS
13 090830 10,IN 1A1.5E PCN & [ELEET . KGWC
20 09uBS) lp.eN TR1.TE  PCN 6 Dmse3A  C1 SAME PETH
21 091038 10,38 161.5E PCN S LUTYYN PGTH
22 091328 1n,4N 181.5E PCN 6 DusE 3n PGTH
23 091351 11.,0N 1A1.,3E PEN & Tlenslen OMse3a  INLITLAL ORS KGHC
26 091951 10,68 1/1.9E  PCN O 0uswin  EOGE UFi DATA PGIN
25 0892117 10.8N 16).0F PCN 5 T11,0/1.0 750.0/25HRs  Nnaag INLTLAL pus PGTW
26 092303 11,18 161.BE  CadF 1 T245/2.5 /D1e0/23HRS  Nomaas FWFS
27 100028 J1.,2N 141.6E  PCN b [ ELTETY PGTH
28 100833 12.6N 160.,7E  PCN 6 Dusrin KGWC
29 10083¢ 12,28 150.8E  PCN & OusPIn  CT o PGTH
30 100354 1245N 160.9E PCN 9 NNaAG PGTH
31 101310 13.2n J40.5E  PCN 4 oMsP 15 PGin
32 102115 13.8N 16n.dE  PCN 6 Tlan/Ven DMsP3In  INLT1ALI OHS KGWC
33 lo2lls 13.8n 1402 L ) DMSP34 PGld
36 102225 14,008 160,4E CONF 1 13,5/3,5 /N1.0/24HAG  NOAAS Fufs
35 102230 140N 160.2E  PCN S 1240720 7/8)1¢0/25HRS  NOAAS PGld
36 110010 1l4.eN 1RD.4E  PCN S DMSP 3R PGTw
37 110816 1%,5N jen,.8E PCN & Mg KGnC
38 11uBl17 15.4N 160.9E PCN €& oMSeaIs  Cl uP PG
39 110310 15.9N 161.7€E PCN 4 NNAAG LGBES
40 110310 1S.4n 161.0E PCN 6 NOAAS PGTR
41 110213 15,0N 16140E COMF | ThuD/4eD 7Dled/24HRS  NOAAS FuFsS
42 111252 15.8n8 160,98 PCN & . OMSP IS PGTd
43 112145 1h,4n 163.8BE  PCN 4. T4,0/4.0 NOAAS INIT1AL QRS PHIX
44 112146 17,1N 163.7E PCN 2 7305/345-/D1+45/23HRT  NNAAS PG
45 112336 16.8N 1#4.9€ CONF 3 Tey5/4e5 /01.0/724HRS  NNAAS FuFS
46 112353 17,0N k4, 2E  PCN 2 OMse 1N PGTH
47 12075¢ 18.IN 1K7.0E PCN & T345/3.5 LT AT KGoC
48 120759 17.9N t66.88 PCN o OusP 36 PHIK
49 120826 17.9n V67 ,.1E PCY & NNAaAS PGTW
SU 120826 17.,9N 167.3€E PCN + Nnaas POURLY JEFINED PHIK
61 121416 1H.9N 1AR.9E  PCN & DuSPIS PoTw
52 12205¢ 20.0N 170.9E CONF I T340/3.0 7S0.0/12HRS  NOAAG FaFS
53 122102 20,9N 171.8E PCN & T240/3.0-/W1e3/24HRS NDAAG PGTH
5% 122102 20,0N 171.,3E  PCY © T3,0/6.0-/W1.0/260HRS  NDAAS PHIK
S5 122249 21.3N 171.8E LERY] GOFS? INIT18, OuS PHNL
56 130343 22.5N 173.5E GNES? PHNL

ATICRAFT FIXES

Fix  Timz Fix FLT MIN 985S MAX~SFCewND MAX=FLT=LVL=4NN ACCRY EYE SYE ORJEN- EYE TE¥? () wsy
NO. (2} POSITINN LvL AGT  MSLP  VIL/3RG/RNG DT/ VEL/URG/SNG NAV/MET SHAPE JEAM/TATION VNT/ IN/ Jo/8ST NO,
1 0BO248  9,IN 161.9E -1500F7 996 035 290 030 330 033 29V fen 1o 15 *24 +24 ¢24 23 03
2 090615 1In,2N 1A1,.9E Toomp 996 030 1B0 042 260 036 160 ua? 06 n7 +1] 12 ¢lgp us
3 09153¢ 10.0N 161.1E  Toomd 395 RO 030 27V u6n 15 &5 +12 +12 *12 05
4 100315 L1.2N 161.3E  Tnomb 030 230 130 04 0 11 +10 +lp 05
5 101504 13,2N )140.2E  Togms 985 310 038 220 015 10 n> +11 ¢13 1> or
6 110325 14.9N 160.7E Tooms 281 040 2%90 030 350 060 29V d5n 05 nS 12 ¢l46 *1y 3
T 111447 16,18 162.1E TnoMs 976 380 063 270 021 10 10 ELLIPVICAL 70 50 150 +13 15 «17 25 43
B 120304 17.4N 165,38  T7o0Mb 973 050 160 012 320 070 270 94n 04 )0 *11 ¢20 +08 1o
9 121613 19.98 17n.1E TnoMs 972 030 058 280 020 10 03 CIRCyLAR 20 “13 +16 + 1 1

114



Fin
YU

Timz
tey

1a2325
155005
15224)
161 99)
163117
161349
162234
162353
170222
171033
P7ills
17221
172217
112309
180204
180204
i18iuos
181953
is114s
181445
in2io?
1=2152
leelsy
130022
130306
l9q323
191041
19)1041
1211u2
19142y
132324
132324
192333
200134
200315
201205
20121
202305
202305
210050
210252
2luebe

212299
220008
220031
220235
2202335
221131
221131
221262
221»17
230913
230014
230113
230353
230353
231154
231256
231540
231540
232355
232358
240033
240304
264034}
240345
241233
241923
241523
242333
242333
250323
250323
251221
231221
2512217
251505
252422
25232e
260103
260305
281022
261022
261143
261406
262305
270013

X
BOSTITOM

3a4n
ER 1
SeIN
Se5
Sebn
Se?™
Ta3n
743N
fa 3N
Tu?i
734
Ba3n
EEYY]
3,5M
ReaN
2, 9N
L
Ba TN
9.IN
.3
2o 6N
9,38
F. 7N
F.8N
9.aN
VeaN
1n,3N
In,3n
19,38
10.7N
115w
Ny
11.5N8
11.5N
11.58
12441
12,58
13.0N
13.0N
13,78
13.1N
L3.aN
13,3n
13e31
13,an
13.3N
14,08
la,an
13.3n
14.6N
l4.an
las7n
1S.an
15.3N
lhenn
l6,0N
la.3N
164N
la,an
17498
17428
17.3N
13, 6N
18.45N
18,465
18,3N
19,94
18,3N
19,48
19,3N
20.0N
21.0N
2049N
210N
21408
21,35N
21.5N
21.5N
2243N
22.1N
224N
22.1n8
2244N
224N
229N
22498
22,88
23.4N
23.3N

149, 3

130,08
126,38
120,68
12R, BE
127,78
127.6E
127.7€
176.9E
126.bE
V24,1
124,68
128 ,4E
174.0E
127.1E
V22 08
119,68
119,98

117.9E
116,68
11A.OE
L1A,4E
116,4E
116, 0E
116.VE
115.3€
114.6E
114.8E
114.6E
113,78
113.5€
113,4€
113.4E
113.2E
117,.8E
112.9€
113,3E
113,32
113.%E
113.9E
113.9E
114,7E
14.1E
114.5€
115.9¢€
117.6E
117.9E
1A 7€
11R,.9E
119.7E
119,98
124 ,9E
123.9€
124, 0E
126,0E
127.2E
129,.3€
127.5E
128.3E
131.5€
131.0E
131,38
132.2€
135.0E
136.VE

aCeRy

PCN
PCN
PeN
[ ]
Pey
PCY
eeN
PcN
PCN
PCN
PCN
PN
PCN
PeN
PCy
PCN
PON
PCN
PCN
Pry
PcN
PCN
PCN
PcN
COwF
PcN
PON
PoN
PCN
Pey
PeN
(]
PN
PeN
ConF
PeN
PCy
PCN
PCN
PCN
PCN
PCN
PCN
PCN
PcN

PCN

PCN
PCN
PCN
PCN
PCN
PCN
PeN
PCN
[
PeN
PCN
PrN
PEN
PCN
PN
PN
PCN
PCN
PCN
PCN
PCN
CONF?
PCN
PCN
PCY
PCN
PCN
PN
CONF
PCN
PCN
PCN
PCN
PCN
PCN
PCN
PCN
PCN
PCN
PCN
PCN
PCY
PeN

PRUVUU VLU WU NGUL LU U e me e s e f e e e N G T LWV U U UL PP P U U P E - LU A T SUTOUT U U O ST 2UY TSI Y DY

TYPHOON OLIVE

SOTELY TTF FIXES

UVI3aK CODE
TU0/0an

TleD/ten #DlaD/24HRR

T1eD/1e0 7S0.0/26HRS

T0.070.0
Tia0/7140 /S0.0/24HRS

124072640 /7D243/24HRS

13.0/340-/D240/26HRS
13457345 /D0e5726HRS

TheN/4eD=/N1«D/23HRS
TheD/6a0w

T%45/445 /D1e0/24HRS

T3e5/3.5¢/W0457/24HRS
73.5/3.5

T4ens4.0

15.0/5.0
T2:0/540
75.0/5.0

T5.07/540
T3e0/540=/50.0/24HRS
15.0/540-/50,0/23HRS

T4e0/600
T3e0/764D /W2.0/26HRS

T3.0/3.0-/5040724HRS

13.0/640 /W240/25HRS
T3.0/4.0 /Wl.D/27THRS

115

SAT

NNAAS
NOAAS
NNAAR
OMSP3A
NOAAS
DusP IR
ousPIA
NNAAS
Dusp3s
NNAAS
DMSP 34
DMSPIA
PLIN T
NNaas
DmsP3s
Dwse3s
DusPIA
DuSP3IA
LYY XN
DMSP 3RS
DMse3A
DmMseIA
DMsSP3s
NDAAS
DusP
DmsP s
DusP3IA
OmMsP IR
NOAAS
OuSPIA
0usP3A
DMSPIA
Nnaas
NOAAS
Dusp
DMSP I
NNaag
OMSP IR
[EIETS
NNAAR
omsP3s
OusPIS
DusPas
DuSP 34
DMSP34
NNAAS
DusP3s
DMSPIS
DMsP3S
DMSP3IA
DusP3n
NDAAYL
OMsP3IS
DMSPIA
DMSP3A
NDAAS
DMSP3S
DMSP3S
NDaas
DMSP3A
DMSPIS
DMSPIS
DusP3s
OMSPIA
NDAAS
DusP3IS
OusP3IS
omuse
oMsP3A
oMSPIS
oMSE3S
DMsP3A
DHSP 34
PSP IS
Quse
DusSP A
0nsPIA
NDaAS
ousP3A
OMSPI6
OMSPIA
NOAAS
OusPIS
DuSP 3%
DusSPIs
NNAAS
DMSPIS
DwsP3I6
NOAAS

‘GUO

CJNYFNTS

Cl SAwE

Cl SA4E

cl upP

U JUTFLOW
Cl P
cl uP

Cl ufP

CI LOaN

Cl uP «ErL DEFTNED EYE

€1 vlbay

SITE

PGTH
PGTH
PGTW
PGTd
PeTN
PGTW
PGTH
PGTW
PGTW
PGiw
PG

RPMK
ROON

RKSO
PGTY



Fla
NOo

FIn
ND.

T H
(¥4]

170023
1Rnz2le
180252
181553
19nlle
130322
191635
192040
200315
202104
292315
210243
210945
22019>
220442
221235
221549
240320
240337
2421013
259233
250330
251530
251743
260350

Ti4Z
(0

192220
192390
200000
200100
200200
240400
240500
240200
241200
241300
250000
250100
250200
250300
250600
250500
250500

FIx
POSITION

A4 3N
He5N
R.5N
J.28
In.nn
HeIN
1n.7N
111N
171N
li.ny
13,0N
13,an
133N
11,98
1441N
14,38
15,28
1R,8n
1943N
204514
21.2N
21..2N
21468
217N
2148N

T1x

141,1E
134,98
136,68
131 .88
129,9E
128, 1
127.4E
175,58
127 .8E
20,0
119,7E
119.3€
T1R,4E
116.7E
115.8E
115.0E
114.5E
114,2€
1158,.1E
11B.0E
119,4E
119.4E
124,6E
125.1E
128,38

POSITTION

112N

11428
1y.0n
11.28
11.2N
13,98
19.0N
19.2N
19,4N
19.aN
20,78
20,78
20,7N
20,88
20.8N

208N,

21.1w

126 ,3E
126,¢E
123.8E
123.8E
123,58
114, UE
114.4E
114.8E
115,4€
116.3E
118.9E
119,.0E
119.2E
119,.4E
119.6E
120,1E
120.6E

FLT
LvL

1500F §
1590F 1
Toomo
Tapms
T90Mb
Toome
TooMs
TooMs
61 9MB
Tnoums
7a0Ms
Togms
Tooms
Togue
Toome
Ta0mMp
Taouns
Tnoms
Toomb
TnomMb
T oM
“TooMy
TooMB
ToomMs
Toomb

RADAR

LAND
LAND
LAND
LAND
LAND
LaND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LWND
LAND

“iv
AGT

3093
3057

3003
2986
2881

3013

3013
2945

2834

2T4q
2692
2682
2823
2843

2929

2926

aCcRY

6n00
6100
6900
6500

n8s
MsLP

1005
l003
loo03

997

392
389

82
995

395
385

958
356

970
974

979

EYE
SHAPE

AaTICRAFT FIXES

Max~SFC-w\O
VIL/RRG/ANG

025
035

430

030

050

030
030

030

030 030
030 030

230 012

150 018
200 019

260 012

MAXFL T=L¥L=dND
NTR/VEL/BRG/ANG

oSN
o&n

110

150
03n
160
21n
26N

300
030

24n
240
2nn
230
21n
30n

260

o2l
038
038
060
055
07r7?
065

049

065
040

07
090
0990
110
110
065
085

RAJAR FIXES:

EYF:
0lsm

01
n7
02
ore

020
040

060
030
630
060
120
240

50
290

170

150
120

210

RADOB~(CODE
ASwAR TDDFF

20902
20912
20912
30912
3577/
47244
?P5/1/
Y44
?5s77
25717
5777
?5s1/

1

#2742/
w1te/
#1447
22117
T0719
50523
50907
50808
08016
/0809
70926
70626

16

B50
830

126
azn
a4n
a4n
825
(3 %4

a5n
a3n

ae2s

043

835
830

040

940

ACCRY

NAV/MET

0s
o
06
as

10
02
s
05

1373 ENE ORIEN= ENE' TEMPI (F)
SHAPE DIAM/TATION OWF, IN/ OP/gST
+22 s22 28
+27 +23
+11 +1n
ELLIPTICAL 20 10 110 *12: +11
CIRCYLAR 12 *12. 415 slo
+18. +14 ol
CIACYyLAR 25 14 elé o]y
CIRCULAR 25 *84. +07 )
CIRCyLAR 06 *10 +13 312
ELLIRTICAL 30 10 090 82 413 o1y
+$3. 216 +1p
ELLIPTICAQ'BS 10 150 +30 +1B +12
CIRCyLAR 39 13 418
CIRCyLAR 20 +13 420
CIRCYLMR 3p +11 +16
ELLIPTICAL 80 20 200 *312. 417 +l2
12 #15 i3
13 415 +ls
*15' 217
RADMR: sITH
COMMENTS POSEITTON w0 NO,
11,08 123, TEl  0o85%8
11,08 123,761 98358
11,08 125% 98558
11,08 125, 7E 98538
Pr.O8 125471 - 98558
22.38 11642E1 45005
22.,3N (1642E1 45005
22,38 11642E1 45005
22,38 11442E1 45005
22,38 11442E1 45905
22,6N 120.3E 46744
22,6N 120,361 46784
22.6N 120,3E1 46744
22.6N 120,3E1 46744
22,6N 120,381 46744
22,6N 12043E1 46784
22,6N 120.3El 46744

HEW
NO,

(1}
02
o2



TROPICAL STORM POLLY

QaYElY TIF FEXES

L E S ETY
We (7 LA} [N 2CaRY Jvy2aK CODNE <at CJIMMENTS SITE
Lod313e8 ¢o,90 130,12 ZONF ¢ Duse FWFS
2 137243 21 .20 YA, bhE PCN 3 tlea/len DuMSPIA INIT J4s§ PGTH
3 landus 23,38 ) 3K,47 PuN @ NIV AL PGI W
4 lug2us 3 LGRS [ELTVE T SECUNJARY AT 19.2N 136.9E PGTw
® 2 Q4rzis COnF ¢ Tle3/145 /Un.5/12HRS Ouse FwFS
o lapdez PCN 4 NNaay Cl1 >4ME FXPQSFN LOW LVL CIRC PGTH
{ lallsy PeN 3 [PELTRYA RKSO
3 lutlde PCN « OMsP36  Cl SAME FRPOSFD LOW LVl CIRC PGTW
B 7 jelaus ZnF 2 Tlad/1a5 /D05/26HRS DusP FHFS
Jv ls|%3p PCcy 3 DMSP3w CI SAvE PGTN
11 16223y PeN 3 Tlenslen DusP3A INEL 04 RKSQ
12 leg23y PPN 3 Tla0/140 /50.0726HRR DUSPR3IA PGTW
i3 Gag3iy PN 4 NhAAS PGTa
L T3 -1 Prv 3 PELCETY RKSO
1o 130157 CONF ¢ Tle5/145 /SUL0/728HRR Duse FWFs
® 15 150300 omswr FWFS
i7 15220 PCN 2 Tle3/145 /10,3724nH3  OWSHIA POIW
15 1a003) PCN o NNAAS PGTN
19 lonlds PCN B OmGuas PeTa
® 20 lansss  2n,oN ZonF i Dusw FWFS
® 25 1aiDU7 2078 0 POV B Duse 3y ROON
€2 loldvs 23,18 132,12 PoN 6 DuseaA PGTH
23 1ellll  23.anm y3ap,ne PN O Nhaay PGTW
2% 161%ls 23,78 11,4 reN 6 DMSP3G PGTW
23 162335 2a4,.iIN 179,48 f04F 2 Dugp Fufs
26 162125 120,0 PCN 3 Y240/2.0-/D0e3726HHR DuSP37 PGTwW
21 1pe3st 129,72 PCv 3 Noaas PGTW
28 170ll> 1PA,UE COVF 7 T2eNs240 /50.0724HRS  Duse FWFs
23 17107 127,12 eCy o Duse7 PGTY
dv 11223 177,22 PCN @ NNAAG PGTH
31 171338 127,15 pCN 3 PELTEL] °GTx
32 17r21vy 126,15 PCN 9 TeeD/240 oMse 37 INIV JUdS RPMK
33 1y21es PYPALIE PON 2 T2:072.0 /S0.0/724HRS Dusouy gty
3 17232) 12A.1F PCN 3 12407240 OMSPIA INII 04s RKSD
35 172321 1?6 0E PON 3 PELEET PGTH
3o l13gluo VPh 45 PCN > NOA2S PGTW
& 37 1x0233 126,32 Py o DMSP IS pGTe
38 131139 12ALLE PCN 4 Nnaas PGTy
37 18l2u3 126,0E Pcy 3 DmMsP3IA CI uP PGTW
40 1¥1203 128,YE Pcy 3 Duspan RKSJ
#1  1dle3> 17A.0E  CONF ¢ Dmsp : FuFS
42 141521 126.2E PCN 4 DMsR 4R PGTW
43 182224 126,0E PCv o DusP37 ROON
4% 1222y 176,06 PCv 2 DusP7 RPMK
43 182303 178, 7€ PCN 3 T3en/340-/D1.0/26HRE  DMSRPIA RKSO
45 182306 ¥2A.1E PCN- 3 T3.0/340-/0D1.0/26HRS DMSPIA RPMK
47 182304 126,1€ PCN 9 T2.0/7.0 [TEETY INIT 045 ROON
48 182304 126.0E  PCN 3 T3.0/340 /01.2/26HRS  DusPiIA PGTH
43 19y0le I1PR,06  PCN 3 NnAaAS PGTd
S0 190221 27,7N 12k, 0E PCN 8 DuSP3IS RODY
51 199221 27.aN 176,0E PCN 1 DusP 3% RKSQ
52 130221 27.IN 126.0C PCV 3 DmspIs RPMK
93 130221 27.8N 124,0F PcN L DmsP3IS PGTW
54 190233 27.3N 126,15  COwF | pmse FHFS
93 131035 24.8N 126,38 POV 2 Nnaas PGTW
96 191103 24.3M8 124,66 Pen 2 DwsP37 ROON
57 191145 28.aN 126,3E pPcy 2 DusP3A ROON
58 191145 28,3N 126,45 PCN ) DMSPIA CI SA%g PGTW
57 191145 29.aN 124,45 Pey 4 DusPa RKSO
60 131303 29.4N 126,5¢ PCN > guse3s PGTW
6l 191323 27.7v 126,08 CONF )} T4ensée3 /ND1.D/12HRE  OmMSe FWFS
62 192203 31.2N 127.5F PCN 9 T13.0/3.0+~/5040/23HRS  DWMSPIT RPYK
63 192245 31.IN 126.5E PCN 3 13.0/3.0+/50.0/24HRS  DMSP3A APPHNT Lnw LvL CIRC RKSD
64 192246 31,58 177,1E PCN & OusPIn PGTH
6> 200128 3),.7n 127.3E PCN b NNAAS PGTW
b 200203 32.2n 1PA.NE PcN 3 DmMsPIs RKSD
67 200203 372.9n 127,68 PCV B DMSP3% PGT
68 201127 32.aN 129,82 PCN S DMSP 34 AKS2
b9 201129 33,1N ¥29,7E PCN © PLLTETS PGTH
Té 201445 33,4N 132,3E PN 6 DusP3IS PGTN
ATICRAFT FIXES
FIx TIMz F1x FLIT iy 0BS MAX=SFCawND MAX~FLT=LVL=¥WNN ACCRY EvE EXYE ORIEN=- EYE TEMPI () NSy
ND.e  (2) POSITION “LVL AGYT MSLP VIL/ARG/RNG NYIR/VEL/BRG/ANG NAV/MET SHAPE DIAM/TATION OUT/s IN/ Jb/gST NO,
1 160516 23,IN 132,48 1S00FT 999 035 130 075 160 045 130 875 05 05 +*26 +25 Os.
2 161353 23,7N 129,9E 700M8 3085 1n00 190 040 120 140 04 10 +09 11 +lo 05
3 1bi720 @83.7W 12 ToomMs 43
% 161335 23,9N TooMy 05
5 179235 24,4N 12R,9€E  TOOMP 3073 397 030 110 120 2an 020 18O 62n 03 1o +12 413 +lo 0s
6 17033% 24,7N 12R,0E T00MB 3063 397 020 350 025 100 032 3»0 620 07 ne +13. ¢13 +1> o7
7OATI0AT 24.7N 177.8E  To0MB 3064 -997 940 025.270 830 02 s +12. +13 +13 o7
8 180322 25.9N 125,7E 700MB 3025 393 035 070 050 130 034 060 tan Qe a7 “13 .12 03
3 181657 26.7N 126,1E 700MB 3005 988 3nn 035 230 670 07 to +12. +14 ¢ 03
10 190241 27.4N 126.1E  7o0Mr 2955 384 0%0 170 030 270 050 170 u3n 0% o0l CIRCuULAR  3p «10 «13 ip
11 181305 29,aN 126.3E  Toome 1
12 191521 29,4N 126.59E To0oMs 2974 387 210 062 120 890 0e 0S5 +14. 216 1 i1
13 191635 29,4N 126,5€ TooMs 1
14 200330 32.4N V2R, 4%E  TnOMb 3007 992 250 030 190 030 02 10 *18 +13 +13 12
15 250434 32,2N 128.5E 1580FT 389 000 000 0 0z 10 +23 +23 12
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Fix
U,

T14Z
2

170400
17033y
I7ivoy
171030
i7t1lug
171200
171335
17150y
171500
171830
171700
171700
1713y
1713l
171435
1714900
17193y
172000
172010
172330
1721vp
172110
172200
172219
172235
172300
172300
172310
172330
180005
180233
182100
188110
lao20p
180200
180300
180300
I8ueu0
180400
180500
180300
180s4s
180700
180700
180300
igoavo
180439
18u300
1B03200
180330
81000
181000
181000
i8i 030
181100
18i1v0
181100
181133
181200
181200
181200

1831308
181300

181300
181400
181435
181300

181500
181505
1153y

1322v0
182210

o1
ELLH

Za g 3n
24akn
26 4N
2746N
o eN
25,0
269N
250N
Ph.oN
2%, 1
25,2N
239N
25,30
25,130
25,40
2543
25, 8N
25,48
25,71
25070t
2%.3n
26434
25430
25.3N
25.39N
25,2
26,08
2543
29.9n
25,3n
2h 1N
25,58
26,2N
25,78
2548N
258N
25430
25,8
25.4K
2547N
25.4N
25.3N
2hHNN
25.8N
26h41N
2h. NN
2%.9N
2h.2W
260N
269N
26.3N
2642N
26430
2haIN
264N
2heoN
gﬁ.iN
£Nne” N
2A,35N
2643N
2h446N
25450
2645N
2h43N
26.4N
264N
26,7
2h.7N
2heTN
26.3N
26,80
269N
2T ON
2R.30
271N
2h43IN
27.1N
27:24
27.3N
271N
27.2N
27.7N
27.7N
27.3N
27.IN
2T7.2N
272N
27.2N
274N
27.2N
27.2N
271N
274N
27.18
27.2n
27,19
27.7N

¥

Tyne

127 K%
177.6E
124.b%
127.6%
127,45
127,36
127,08
127,48
178,75
127,22
127,62

12A.1€E
126,0E
126 0E
175.9E
126.8E
126, 8E
125,9E
125,8E
1725 ,9E
175,9€
128.8E
1726.1E
126,0E
126,68
12A.2E
124,3E
12A.7E
12A,2€
125.6E
126,18
128, 7E
125,88
126.JE
126,58
1256.2E
125,.5E
178.5E
126,UE
126 1E
125.3E
12h,0E
128.2E
176,1E

12g uf
175,78

126, LE
175,YE
128,9E
125,8E
125,9E
178,9E
126.9E
128.9€
126,8E
126,88
126,9E
126, 0F
176.8E
125,.8E
125,.9€
125.8E
175.8€
125,8E
125.9E€
125.8E
125.6¢€
VP8 HE
126, 7E
126.7E
126,6E
125, 7€
176.7E
VPG BE
175 .8E
125.9E
1725,9E
126.0E
126.0E
126,9€
126.0E

R8047

LAND
LAND
LAND
LANT
LAMD
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND

Gn00
PAUR
£n0R
210R

en0f
LERT

LR
PAUR
810K
2408

Pn0R
21n0R

FalR
PAOR
PNOR

Pn0R
PH0R
PAOR
570R

PH0R

Fair

PNOR

PA0OR
G100

6700
FalR
GnoD

FalR
FalR

Faln
FalR
Falr

FalR
FalR

610D
6200

FalR
Falr

pPOR

EvE
EYE
SHAPE

CTRCILAR

CTRCILA
CrRCULAR
CIRCULAR
CrRCILAR
Cracuiaz

ELLIPTIza
CIRCULAR
CIRCULAR

CTRCULAR!
CTIRCULAR

CTRCULAY
CTRCHLAR
CTRCULAR
CTRACHLA T

CracuLay
CTRCULA

CTRCULAR.
CYRCULAR
CTRCILAR:
CTRCHLA 3
CTRCULAR
CTRCULAR

CTRCULAR:

CtRCULAR

CIRCULA R

CTRCULAR:
CTRCULAR

CIRCULAR

CTRCULAR
CIRCULAR

CTRCULAR

CYRCULAZ
CTRCULAR

CTARCULAR
CIRCULA

CTRCULAR
CTRCULAR

CTRCULRR
CTRCULAR

CYRCILAR
CYRCULAR

CTRCHLAI
CTRCULAR

CTRCULAY

QajAR FIXES

Eve

DIavw

010
ono
onR
0R
a>7
Ons
¢35
015

032
0a7

On7
030
05

05

015
0s

010
[3):]
oo

02
015

0

0?2
01R

0r0
”15

015
070

(4]
a20

070

SANONH=CODE

AN =C00F

ASwAN

w147

3%s7/7

LY 24

LYa a4

LY Es4

LYy eas

35773
K172/

#5773

22573
Y2224
77413
Y224
65742
72777
£/773
11244

6/772
35711
h5772

77247 T

6Ss72

AS/72
(Y2224
35//72
L7224
3502

&s127/

A5 222
35772

Y2244
6r/7/

£5773
LYZ 224

35773

LY 244

5%y/3
Y2244

R577%
6r777

?5//4
LY 2d)

LY 244

TDUFF

124444

532i6

732312

73211

73111

73113

S5/7¢/
73012

63624
73611

73532
73611

50000
73506

52208
73504

71504
70000

70000

118

Tne

Top

Joe

Toe

ToP 2

Toe

Toe

Toe

COMMENTS

200

320

150

200

200
280

340

HAX TOP 300

—S¥STEmM APPEARS LESS ORGANIZED
SYSTEM APPEARS LESS ORGANTIZED

x
»
x

MAX

MoV
MAX

MAX

Mov

Max

MAX

HAK

MAX

=4
<
w

T0P

Toe

"

410

340

3620

Top

00

a

lab
o

400

3870

Top

310

70 200

Toe

Top

310

270

26,.8u
26,2M
26,4N
26.4N
248N
26,.2N
26,0M
26,268

26 4N
4N |

24,8N
26,2N

26,4N 1

264N

26,8N |

26,28
26,2N
26,4N
26,48
24,8M
26,268
26 .4N

26,4N

268N
26.2N
26, 4N
26,4N
248N
26,2m
26,08
26.4N
26,2N
26.4N

127.8E!
127, 8E!

47991
47397
47387
47331
47931
«7937
47931



Y3 1H22d) 24,20 126,08 LAN)  PAUR CIHCHLAR 020 Ph.am 127,86 4733)

99 18230 27430 126,05 _An) PaUn MAx Tae 280 26.,4N 127,851 4733)
100 182300 27,4n 124,75 LAY wrr7l T001C 26,28 127,88 47337
0L 182330 27,78 128,78 LAV) PRJH C1RCHILAR 0ra EYE VFRY DFUS APPIS TO 3¢ FILNG 26.4N 127,85 47331
102 190000 27.358 12AU3E LAY &rs7/7 T0512 26,2N 127,8E 8737
103 19v01n 27,4n 126,15 LAND 293K SPRL, FFATURES 8Cm3 I L DEFTNED 26.4N 127.BE1 4733}
Los 190830 27.atn 174, LAY R Max Tne 280 26.4N 127,880 4733}
los 190100 27.3% 124. LAYD &r7r/ TIABHE 26,28 127,8E¢ 4737
Loy 190130 27,.an 124, LAY 20K Max TOP 360 26.4N 127.851 4733}
1u? dgn2up 27,70 126, LAND Rs77F TOLLY 26,28 127,881 47397
L3 190210 27,48 12608 LAND 2AUR 26,48 §733)
103 190230 27.7n 124,15 LAND Max Toe 270 26,48 47331
110 19030y 27,494 124, LAMD w717 TOLLG 26,28 47337
L1t l9n30d 27,38 124, LAY KI774 T3509 P6.2N 127.BE1 8 7IR7
112 190500 23,14 126, LAY &K1143 55707 28,4n 123,55 &7T909
113 lsud0p 28,)in 6/777 73409 26,88 127.8El 47377
114 13ps500 2x.2w w5773 50241t 2B,oN 123,581 473N9
1o 3060y 2h,4n hr1/t7 73311 26,2N 127,88 47337
1S 19ntuy  2a, £%/12 503]b 2B.4N 123,58 473109
YT 130300 2R.7M 124,44 LAND h8773 53519 28,4N 129,58l 67309
119 190360 22,84 126,95 _AND &4/73 536y 28,4N 123.SE! 47303
119 191000 28,38 126,48 LAND 65773 53602 28,4N 129.5E1  (T73In9
120 191300 29,99 126,58  LAN) 67773 33605 28 ,4N 123,SEt 47309
121 191000 29,28 126,95 LAND hrs73 53611 284N 123,581 (7909
122 1913500 29,48 126,48 LAND htr73 53311 28,4N 129,581 47309
123 191700 29.64N 176,95 LAND w7773 50100 28,4N 129,581 4T73In9
2% 192050 30,1m 126, KE LAWD 2YUR Nnv 02130 SHTMINISHIKIE 67762
TROPICAL STORM ROSE
SATEI4- VYF FIXES
FIXx Tiuz Fix
NO.  (2) POSITION ACCRY DV)3aK COOE SaT COMMFNTS SI1TE
1l 20lé45 17,8N 1372.0E  PCN 6 DusPIS PGTe
2 202229 16.6N 130.7E  PCN S Tle0/1.n DmsP3IA  INLT U3S RPMK
3 210044 16.3N 130.2E  PCN 5 Tle0/1.0 NOAAS INLT O3s PGTH
& 210145 16,3N 179,8E PCN 6 DMSPIS PGTe
S 210146 16,4N 179.8E  PEN S . DmsP3s RPMK
6 211126 17,18 179.2E PCN & NDAAS CI vuey PGTY
1 220000 18,7N 12R.2E PCN 5 Tle0/1e0 /5040/23HRS  NDAAS PGTW
8 220309 19,88 17648E PCN 3 OMSP IS OUAL LOW LVL CTRCULATION EXPOSED PGTW
9 220309 17,98 12R.1E PCN S TleD/1eD 750.0/29HRS  DMSPIS  NO LOW LVL CIRCULATION RPMK
10 221236 19,58 126.9E  PCN & NNAAS . PGTW
1} 221551 1649N 175.1E  PCN S DMSP IS RODN
12 222335 18.4N 124.8E PCN 5 T2en/2.0) /D1e0/21HRS OMSP3A RPMK
13 222336 1848N 1248E PCN S T2.0/2.0) /01.0/24HRS DMSHIA SECUNJARY 20.5N 125.3E PGTw
14 230112 18,78 124,6E  PCN S NNAAG PGTwW
15 230252 1A.7n 124.5E PCN & omMsSP3Is PGTw
16 230252 189,4N 123,98 PCN 5 T2.0/240 OwsP3S&  INIT JdS RDDN
17 230252 18,5N 124.7E  PCN S OMSP3IS RPMK
18 231133 1A,5N 124.JE PCN b omee3? RODN
19 231133 19,0N 3124.5E PCN S omNsP37 RPMK
20 231152 1845N 173.7€E PCN 6 NDAAS . PGTwW
21 231218 18,SN 124.3E PcN & OmsP 36 RODN
22 231218 18.89N 124.2E PCN S DuSP 36 RPMK
23 231533 1R,IN 173.1€E PCN & OMSP3IS PoTW
24 232233 21.0N 122.6€ PCN 3 OMSP 37 RPMK
25 232319 21,3N 122.6E PCN 3  T12.5/2.5-/00.5/24HRS  OMSP6 PGIW
26 232319 21.2N 122.5E PCN 3 72.0/2.0 omsP3q  INIT 4§ RKSO
21 232319 21,2N 122.5E PCN 3 712,0/240 /S0.0/24HRe  DMSPI6 RPMK
28 240028 2).4N 127.5E PCN 3 NNAAS PGTW
29 241116 22,7N 172.0E PCN 5 DMSP3?  NO LOd LvL CTRCIHLATIUON RODN
30 241201 22.7N 121.5E PcN & OMsPI6 PGTW
31 241515 24,58 121.8E PCN b DmMSP35 NO APPHNT LOW LVL CIHRCULATION PGTN
32 241516 24.5N 121.9E PCN 5 DMSP3IS NO APPRNT LOW LVL CIKCULATION RKS50
ATCRAFY FIXES
FIX Tiug FIX FLT MEIN  OBS MAX=SFC~WyD MAX=FLT=LVL=¥NN ACCRY EYE EYE ORIEN- EvE TE¥™ (1) EEY]
NOe (D) POSITION LvL HGT MGLP "VEL/QRG/RNG DIR/VEL/BRG/ING NAV/MET SHAPE DIAM/TATEON OUT/ IN/ J0ssS5T  NO,
1 220156 18,6N 127.2E 1500F7 1003 30 070 070 1len 032 080 080 04 02 *25 +26 +24 0}
2 270112 18,7N 124.6E 1500FT 989 65070 S0 150 55 070 3 *25 w2
3 230305 18.8N 124,56  7o0MB 3039 993 030 090 010 08N 045 350 820 05 05 CIRCULAR  1g , +18 +15 02
4 231600 18,7N 123.5E ToO0MB 3095 1poé 250 035 130 040 20 70 *10 +10 03
S 232142 20,98 122.6F To00MB 3068 995 035 310 015 230 030 170 {10 02 03 )14 ol6 29 [+ 1%
6 240959 22,6N 121,8E  700MB 30B2 1002 030 160 060 230 040 210 dén 02 10 14 14 €13 035
T 261140 22,5N 121.8E  TooMB 3082 260 31 150 13 +13 05

119



Fix

CT~woOU s W=

Fik
NO.

-

TrME
(2)

271263
2122586
27235)
2501235
280304
291137
281205
2815%5
282237
282333
282334
290041
291118
291216
291528
292217
292218
3p0sl0
304058
301059
301158
301159
3pl1233
391652
302340
g1ullo
410353

FIx
POSITTON

11438
11.28
lo.8n

96N
101N
losan
10.4N
1n.eN
10.3N
10.9N
lo.28
10,88
11308
11.28
1241w
13528
1328
13.2n
13,68
13,78
13.78
13.4N
13,4N
13,78
léoeN
laoBN
14,68

Fix

122.6E
117+8E
118.0€
119.5€
119.3E
116.8E
117.1E
11640E
11R4E
117.7E
117.4E
117.6E
115.3E
116.4E
113.4E
111 .8E
112.5€
111,6E€
109,6E
109.4€
109,6E
109,.5E
109,2€
100 4E
1070
106 «4E
106,2€

POSTTINN

12438

112.2E

ACCRY

fcN
Pew
PCN
PCN
PCN
PCN
PCN
PCN
PCN
PCN
PCN
PCN
PcN
PCN
PCcN
PCN
PCN
PCN
PCcN
PCN
PcN
PcN
PCN
PCN
PcN
PCN
PCN

TROPICAL STORM SHIRLEY

SATELLITE FIXES

DvVo3mK CODE

TleG/1e0
Tle0/1a40

11,0710
T1e07140 /75040/22HRS

T240/240
72.0/240 /01.0/723HRS

TLe0/240-/W100/25HRS
T1e0/2.0=7W140/726HRS

CRUNIPWWoLWWRWOROT TP UuIPTTER NV

RAJAR FTXES

EYE EYF

ACCRY SHAPE.

DIam

Sav

NDAAR
DmsR37
DMsP 36
NDaAS
DMSPIS
DMSP3?
NOAAS
omsP3s
DMSP3I?
DMSP36
DMSPI4
NOAAS
omse3T
oMSPIS
DMSP3IS
oMsSP37
OMSP37
DMSPIS
omusPay
DMSP3T
DMSP3I6
DMSPI6
NNAAS
DMSP 35S
DmMSP3IT
NDAAS
OMsP3s

CONMENTS

UPPER Ly

INIT 945
INIT 038

CI 00av
CI D0#N uPPER LVL

INIT 095 SECONDARY 1242N 115.nE

CI SANE

INIT NS

BANDING YYPE EYE EST T3,0
ci uP

cI uP

£57 T1,072.0 LOST IN DROP=O0yT

RANNB=COUE

ASwAR TOUFF

COMMENTS

120

RPMK
PGTH
RPMK
RPMK
RODN
RPMK
PGTW
PGTH
RPMK
RPMK
PGTW
RODN

RADMR
POSETIOW

SITF
w9D NO,



Tinz
12y

11v055
111019
112139
112255
J12033s
121012
121318
122113
13v008
130201
130955
131067
131642
132103
132109
132237
132237
132324
leula3
140143
14n3%p
16495
141003
141113
148119
lalezs
142043
142049
142220
la2222
150125
15093¢
150330
151102
151407
152039
152030
152203
160107
16104¢
162145
162152
152152
162307
171027
171027
171144
172128

“172128

i72132
180213
180213
180213
181010
181013
181013
181100
181314
181455
1R2l10
182111
lB21le2
182336
1901586
190158
190354
190954
191016
191637
192053
192053
192235
192252
200138
200934
200334
201117
2nll28
201419
202034
202218
202218
2n2218
210005
210120

Frx
POSETTON

la,0n
17,85
19,8
lu,58
20 AN
21.9N
2243
23,68
23,3y
23,6N
272.4N
2lewN
24,0N
24,78
23,88
262N
24,08
23,9
24,00
24,5N
26 46N
23.7N8
23498
23,98
24,08
23,98
24,1n
24,1N
24,0N
24,1N
24,0N
23.6n8
23.6N
23458
234408
22.IN
22,98
22.5n
22,8N
224N
22428
2242N
22,0N
22,08
22,78
23.2N
23.28
23,5N
272N
23,40
24.6N
24 45N
24 45N
256N
25,3N
25,IN
25,78
25,6N
25.5N
2542M
25,IN
25,4N
25,68
264.0N
2h45N
27.5N
27.0N
27,0N
27,78
28,9N
29,0N
29,0n
29,2N
292N
29,9N

163,6€
154, 3E
151.7€
151.3€
149.5E
149, 7€
149,8E
V1aR2E
147.8E
147.8E
160.9E
160.0E
145.4E
163498
146.5E
T4,.9E
183.5F
1463.6E
163.2E
143.2E
142.2E
142.3E
142.2E
142,2€
162.2€
161.2€
Ven5E
140 .4E
139.8E
160,0E
139.0E
13R.3E
138.2E
138.2€
138, 0E
137.2€
137.3E
137.2E
¥37.7E
137.8E
138.7E
TIRLAE
138,5E
138 BE
139.9E
160 42E
Yan,TE
14242
1420
162.2€
143.3E
183,5E
143,4€
V43.9E
Vo4 J6F
164.8€
1461 .5€
145,2€
145.7€
165.5E
145.9E
145, 7€
14642E
14546F
166.1E
164 48E
145.0E
145,5E
145.2E
166+0E
16348E
163.8E
143.6E
143.2€
141 .0E
14049E
139,8E
140,0E
139.2€
138.0E
136 7€
137.9€
137.9E
137.6E
137.2E

ACCRY

Pey
PCN
Pey
PCN
PeN
Pcy
PCN
PCN
PcN
PCN
PCN
PCN
PCN
PCN
PCN
PCY
PCY
PCN
PCN
PeN
oCN
PcN
PN
PCN
PcN

UUU‘U\wu’ﬁQ’J!OQ'ldO‘UEUUU’WO‘UUI&UOLUU'U‘UU?OU'UU'—\I'UO‘G‘Q_’U'-WOWW—'WU‘UO CLUUWLLWUEU UG O JUUUUSUIITORUURUOOUS >

TYPHOON TRIX

SATEN| TTF FIXES

JV3IAK CODE

Y0000

Tletrton

Tienslen

TeeD/240
T2e0r2.0

T3ens3e0
T3eD/3eD

Téap/4a0
Teall/440
The0/440

Then/’4e0
T4+0/640

T4e5/445
The0/400
5.0/5.0

75407540
T560/5.0
1540/540

T3e5/445
The0/440

T205/2,5
1307440
12407340

/DL.0/21HRe

/5040/26HR]

/0140/25HHS

/D1eD/23HRS
/01 +0/23HRS

/01 e0/24HRS

/D1.0/724HRs

78040/25HRS

/D0 +5/24HRs

/D0 +5/24HRS
/D1.0/24HRS
/50.0/24HR

/%1 e5724HRS
/W1.0/24HRS

/W1 ¢ 0/24HRS
/W1 +5728HRe

sal

LIRS
NDBAS

DMeR3A
NDAAEL

NOAARSK

DS In
T DuSH 1IN
PELTET
NDAAS

DMSP IS
DM Ih
NOAAS

ougpIS
oMGP 37
Dmse37
DuSPIn
OmsPR3A
NOAAS

DMSP IS
oMSP Y
DMSP7
DmsP37
Nnaas
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3043N
30.98

13T .4E
137.1€
137.0€
136,6E
134,.1E
136,.5E
136,1€
134,0€
133.9€
134.0E
133.6E
174,.6E
134.0E
196.5E
174.8E
133.4E
133,9€
13644E
133.8E
133.7€
13442E
133.3E
133,38
133,3¢€
133.4E
134.0€
133,4E
134,0E
134,0E
134,1E
134.2E
133.8E
133.3E
133446
133.0E
132.9€
132.9€
133.2€
132.9€
132.8E
132,6E
132,.9€
132.5E
132.4E

131.9E
131.8E
13146€
131.1E

12449E

aCcRyY

Pc

PCN
PCcN
PCN
PcN
PCN
P
PCHN
PCN
Pc
PCN
PCN
PCN
PCN
PCN
Pcy
PN
PCN
PCcN
PCN
PCH
PCN
PCAi
PCA
PCH
PN
PCN

°
(s}
z

PCN
PCN
PEN
PCN
PCN
PCN
PcN
PCN
PCN
PCN:
PCN
PCN
PCN
PCN
PCN
PCN
PCN
PcN
PCcN
PCN
PCN
PCN
PcN
PCN
PCN
PcN
PCN
PcN
PCN
PCN
PeN
PCN
H6CN
Pcy
PCN
PcN
PCN
PCN
PCN
PCN:
PCN
PCN
PcN
PN
PCN
PCN
PCcN
PCN
PCN
PCN
PCN
PCN
PCN
PCN
PCN
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TYPHOON WENDY

SATELL TTE FRXES

OV33aK CODE

Tle0r1a0

13407340 /D2+0/24HRG

1507540
Tes5/445 /0145/724HRR
Tée0/4,0
T4e35/4e5

T5:0/5.0 /D0e5/26HRR
75407540 /00e5/26HRS
75¢0/540 /00e5/28HRS
The0/640 /SUeD/24HRS

75007540+/5040/24HRS
7507540475040/ 24HRS

Té20/4004/5040/24HRe

75007540 /50.0/24HRS
¥5¢0/540475000/24HRS

T5e5/545
T3e0/440 /Wl.0/28HRS

T4e0/5.0=/W140/24HRE
T440/5,0-/W140/724HRS
T3.5/345 /00.5/19HRs

T440/4.0-/50+0/24HRS

T4:5/425=/D04 5/726HRS
T4e5/445=/D140/26HRS
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SAY

DMSPIY
DMSP3T
omusPis
DusPIS
OMEPIT
oMsPI6
NOAAS

DMSP3IS
DuMSP3T
DusP37
DMSPIs
DMSP3A
DuSP3S
DusSPIs
DMsSPy7?
DusP3?
DMsP36
omsP 6
NOAAS

DmGP3IS
DMSP1S
DmMSP7
OMSP2R?
OmsPa?
DmSPI6
DmMSPIA
DMSP35
DMSP3A
DusP3s
DusP s
OusP36
NOAAS

DusPIS
DusPIS
DmMsPaT
DusP37
DMSPIT7
DmSPIT
DMSP3I6
DMSP3IA
PMsP3IS
DusP37
DUSP3T
DusP3s
DHSPIA
DusPas
NusPIS
DusPaT
Duse3y
OusPaIs
DusP36
DusPas
DusP3s
PMSP3Y7
OmspP3In
OmusP3s
NDAAS

DusPIsS
DusP3S
Dusp3s
DusP3s
DusP3?
OMSP3T
OMsP36
OusP36
OMSPIA
OMsPIs
OmMsPI7
OMsp37
Qusp37
DusP3n
[ T
OusP37
Duse37
DmsP37?
OmsP3s
Onse3n
QusPas
OmsPa?
OMsPar
OmMSP3T7
OMSP3?
DmsPI7
OMSPIA
OMSP3IA
DMSP3IS
DmMSP3S
DMSP3S
OMSP3T
0usPIs
OnsPI6
DMSPIS
OmsSPas
Duse3s

COMMFNTS

Cl ufP

el upP

INIV Das

INIT 245
INIT Jas

CJ SAdg
CI SAvg

BASED IN EXTRAP CH BAND
BANVING YYPE EYE

INIT 08s

CI sAwg
ClL SAwg

SITE

PGTH

PGTwW
PGTW
PETH
6T
RKSO
PaTa

PeTe
RXSO

PGTH
PGTH
RKSO
PGTW
PGTW
PeTY
RKSO
RPMK
PGTW
RKSO
P6Tw
RODN
PGTW
PETH
RXSO
ROON
(a1
PGTW
RKSO
(L]
PGTH
RPMK
RKSO
RODN
PeTY
RPMK
RODN
PGl
PGTY
RPMK
PGTY
RKSO
RKSO
PGTY
PGTW
RKSO
ROON
RPNK
PGTH
RKSO
ROON
RKSO
RPMK
PGt
PGTW
RKSD
RPHMK
PETH
RPMK
PGTH
RKSD
RPMK
RKSO
PGTY
PGTH
PGTH
RXSO
ROON.
RXSO
RPMNK
[0
RPNK
RPMK
RKSO
P6TW
RODN
PeTw
RKS0O
PGTH
RKSO
RKSO
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Fix
*NO»

301526
39222
3v2249
302248
310143
310145
3j0327
311105
311105
311105
ainey
311205
311803
311609
312205
312231
312346
011045
011043
011046
011112
011550
011551
u121453
0icles
012145
014213
012213
020053
021026
oz2102%
021026
021053
021237
021332
021533
022126
022126
022126
052155
030015
030233
030233

TIME
T

2405456
242130
250106
251345
251335
251553
260334
261540
261920
270340
271543
271846
272141
280330
280630
281333
281538
290035
290240
291335
291534
310658
30853
0310250
010644
020336

TyMe
(Z)

271430
271600
271700
271900
280000
280100
280100
280200
280200
280200
280300
280300
280300
280400
280400
280400

303N
30+ 8N
IngIn
301N
30,58
39,38
30458
30.4%8
39.6N
30,78
30.6N
3n.2N
30,.6N
3n,3N
dneen
EL LI
3n,5N
303N
3n,68
3n.7IN
3n,3N
3043N
30.9N
EITR LY
31.IN
31,.0n
31,18
313N
312N
33,18
32.6N
32468
32,68
33,3N
33,38
324508
35,58
30488
37.0un
35,6N
36.5N
37.7N
36, 7N

125.1¢€
125.0€
1744 7E
1264.9E
124,6E
124.9E
176468
124 ,9E
124 .BE
124 48E
126.TE
1259.4E
1725.0E
124, 7E
125.2E
17%.2F
178,.6E
128.8E
17R.5E
126.8E
17hDE
127.7€
127 +2E
1784 BE
17H.8E
1PH, HE
12RBE
12R.7E
12R.9E
130.BE
130,2E
131.4E
130.3€
131.1E
130.0€
191 7€
131.6E
131,4E
133.7E
131 .5E
132.2€
133.3E
133.2E

FTx
POSITTON

208N
20.9N
2049N
20 48N
209N
21.0N
21,58
22.2N
22.7N8
23.8N
25.2n8
25.3N
2540N
26.8N
27.2N
27.6N
27.8N
2R42N
29,4N
29,3N
29.5N
30.6N
30488
30.6N
30.7N
31.9N

Fix

134, 1E
133.8E
133. 7€
133.5€
133.8€
133.8E
133. 7€
132.5€
132.8E
132,.3E
131.1E
130.8E
1304 4E
1294 1E
128.6E
127.0E
126.5€
12642€
12640€
12544E
125.7E
17541E
12540E
12549E
12548E
128.8E

POSTTTION

25,3N
25.2N
25.3N
25.2N
2645%
26.7N
26.6N
264,7N
2645N
26,7N
26,78
26,8N
26488
26,9N
26.9N
26,98

131.1E
131.2€
131.1E
131.0E
130.0E
129.8E
129.9E
129.5E
129.5€
129 ,.86E
12942E
129.3E
12942E
129.2€
129.1E
129.1E

PCN 3 [ITTUPTY
PCN 4 DMSO A
PN 3 T3.0/440 /W1e3/24HRS DUSP3IA
PCN 3 T3.0/3.0 Duskan  INIF J3S
PCN 3 T3.0/4,0 /W1.0/725HRS DuSPIS
PCN « DmS3n
PCcN 3 Duse 3
PCN « DMsR a7
PN 4 pusr3?
PCN 3 DmsP37
PCN 4 PIT LTS
PCN I T34573.5 gmMsp27 INFY J4S
LA DuSH 3n
PCNY S PETTETY Cl uvav
PCN 3 T240/340 /¥le0/20HRS  DuSE3T
PAN 3 T2a5/3.5 /WUa3/24HRS  DUSP3A
PcN S NDARS
PCcN 3 DMsSP3I?
PcN & DMSPR7
PCN & pMSP3IT
PcN 5 DuMSP3IA Cl vOwy
PCN 3 DMRP3IS
PCN © DMSP IS
PCN 3 T1eN/240 /W1eD/24HRS  DMSP3T
PON 3 T245/3e5 /ule0/28HRE  DusE3T
PCN & T240/245 /WDe5/23IHRG  DusPa?
PCcN 3 DMSPIA
PCN 3 T240/240~ OuSPIA INIT 0358
PCN 3 Nnaas
PCN 6 DMsR3IT
PCN & DusP37 CI vLwy
PCN © DusP3?
PCN B DMSPIA
PCN O DMSP3A
PCN S OMSP35
PCN & OMSPIY
PCN ® Tle0/240 /W1.0D/24HRS DNGP3T
PCN 5 OMSP3?
PCN 5 T11.0/2.0~/Wle3/26HRE  DMSP37
PCN 5 DmSPIA
PCN b NnARS
PCN & DMSPaN SECUNJARY CENTFR
PCN o DMSP3H
BTICRAFT FIXES
FLT MIN 985 MaX=SFCewND MaX=FLT-LVL=¥ND ACCRY
LVL HGT MSLP VZL/BRG/RNG DTR/YEL/BRG/4NG NAV/MET
1500F1 994 ¢ 350 130 0AN 35 350 {30 5 1
TooMB 2984 388 55 030 25 040 4S5 310 }2n 5 5
TooMs 2963 60 350 120 070 40 330 {20
TooMs 2954 983 55 320 135 040 S50 320 65 5 2
Toomd 2872 2710 62 170 90
TooMs 2866 978 3sn 55 260 {20 20 10
TooMs 283s 968 50 320 T0 050 S0 3¢V 50 3 5
TnoMB 2768 963 oan 57 310 14> S5 5
To0MB 2761 050 46 300 120
700M8 2786 963 60 250 S0 10 10
TooMB 2767 961 500 58 310 100 5 %
TooMs 2762 320 56 350 100
TooMs 2760 962 260 SS 190 28 2 10
TooMs 2774 963 50 170 150 250 S0 170 130 5 10
TooMd 377 330 41 200 {20
Tooms 2835 160 66 180 94
TooMs 2837 971 asn 65 320 75 5 5
7o0MB 2793 966 65 150 120 290 54 150 |20
TooMs 2767 961 65 300 20 140 68 060 8% 1
700M8 2778 190 64 090 90
To0MB 2767 961 160 S7 030 90 10 S
7o0MB 2825 970 240 50 190 a5 5 8
TooMB 2837 35 060 30 100 40 060 90
Tooms 2897 35 080 120 240 45 140 {20
TooMs 2897 980 280 44 190 98 10 )0
ToomB 292k 983 35 180 24 30 28 220 &0 0 10
RAJAR FIXES
EYE EYF RAROB~CODE
RaDAR accRY SHAPE DlaM  ASWAR TDOFF
LAND  P2OR  CTRCULAR EVE
LAND 890R CIRCULAR: EVE
LAND  PHOR  CIRCULAR EVE
LAND  GNOD  CIRCULAR 40 EYE
LAND w7773 53016
LAND 67743 53216
LAND W2l SI1Y/
LAND 67713 52716
LANO  PNOR  CTRCULAR a0 EVE
LAND 7711 52919
LaND  FaIR  CIRCULAR RO EVE
LAND . 6//73 52813
LAND A/712 S2922
LAND A7r73 53111
LAND FalR  CIRCULAR. LL] . EVE
LAND 67777 12910 .

126

REMK
RPMK
PG
ROUN
RKSD
PGl
RKSJ
RKSO
RO0ON
RAMK
PSR
RIPMK
RPMK
RKSO
RQUN
PGIW
PGTW
RIPMK
RKSO
ROON
PG
RPMK
RSO
ROON
RPMK
PGTH
PGTW
RKSO
PGTW
RODN
PGTW
RKSO
PGTH
ROON
RPMK
ROON
PGTW
RODN
RPMK
PGTW
PGTH
367N 133.1€E ROON
RKSO
EvE EYE ORIEN- EYE TENP ()
SHAPE D1aM/TATION OUT, INZ J0/SST
*25 +26 2%
.12 +l2
14
*)h «1S
+15
*13 15
*13 +15
16 +17
+16
+14 »15
+16 +18 *ls
+17 +ls
ClRCYLAR “n *315 17 <14
*15 +16
+16
.14
ELLIPTICAL 30 20 l20 €12 «13
+16 +1¢
CIRCyULAR 20 *14 +16 +l6
+16 + ©
CIRCULAR 3n +15 +16 +lo
413 +15 +1s
«14 ¢ls
+13 +1>
+12 +13 +17
*13 ¢14 ¢13
RADAR sIfF
COMMENTS POSETION: ¥MO NO,
27,40 128.TE 47342
27.4% 123,700 4762
27,60 123,76 47382
27.40 128,760 a73%2
28.4M 129,5E 479
28,4N 123,5E 47In9
26,2m 127,8E: & 7337
28,4m 128,5E 47309
27.0m 128,7E 473%2
26,2n 127,8E 47337
27.8N 123,76 473¢2
28.4N 123,58 47909
26,2N 12748E: (7337
28,4N 128,SE a7909
26,2~ 127,88 47337
- 26,2N J2TLBE 47337
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o
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[



280432
28u500
280500
280501
2BU5UG
28uS00
289790
28u700
280701
28uY0y
28u801
2Bu8sg>
280300
280300
280300
28033y
281000
28100p
281001
281030
281100
281100
281100
281130
281200
281200
2R1200
281200
2A1230
281300
281300
281300
281330
281400
291600
281400
281430
281500
281500
281500
28153p
281600
2a1600
281500
2a1535
281700
281700
281700
281730
281800
281330
281900
281900
282000
282000

282100

282200
2B2200
2R2300
282300
282300
290100
290100
290100
290200
29u200
290200
290300
290300
290600
290400
290500
290300
290700
290700
290300
290800
290300
2903909
291000
291000
291100
291200
291300

2741N 12R.9E
2h,9N 129,0E
27.0N 12R,9F
27,0N 12H,9E
27,08 128,8E
27.0n 17B.9E
27+3N 12B46E
Z743IN 12R.TE
27,4N 178,6E
27,4N 12R.4E
27.6N 12R8.5E
27.AN 12R,1E
27.7N 12R,2E
27.6N 128,1E
27.7N 12R,2E
27.6N 127,8E
27.6N 127.8E
274N 127.9€
27,7N 127, 7E
27.8N 127.7E
2746N 127.4E
2TeHN 17744
27,IN 177, 7€
2745N 12744€
27,58 1727.3E
27,IN 127.3E
275N 12744E
274TN 177.8E
27,6N 177.3E
27.78 127.2E
274N 127.3E
27,7IN 17741E
27,5N 1727.3¢€
277N 126.9€
274TN 127.0E
27,78 127,0€
27.5N 127.0E
27.5N 127.0E
27,5N 176.8E
27.TN 126.7E
27.5N 176,.8E
27.TN 12646E
2T.6N 126.8€
27.5N 126.8€
2T.6N 126,8€
277N 12644E
27,78 12A.5€
27.IN 126.6E
27.8N 126.5€
27.7N 126.5E
2B.0N 126,3E
2748N 1264.4E
2748N 126.3E
27,8N 126.3E
27,9N 126.4E
2749N 126.4E
28B4 1N 126,4E
2R, 1IN 126.3E
28,1N 126.1E
2R,1IN 12643E
28,2N 1264.3E
28,4N 126,3E
28,3N -1264,UE
2R,4N 176.1E
28,5N 126.0E
2R,5N 1725,9E
2R,5N 126.2E
28,7N 125,9E
28,5N 126.1E
2A.7N 125.8E
28,6N 125.8E
28.8N 175.8E
28,6N 125.7E
28,58 126,7E
28.8N 175.8E
2,7N 125.8E
28,8N 125,9E
2B,TN 125.9E
2R.9N 125,9E
29,1N 124,0E
29,0N 126.0E
29,18 12A.0E
29,2N 125,9E
29,3N 125.8E

LAND
LAND
LAND
LAND
LLAND
LAND
LAND
LAND
LAND
LLAND
LAND
. ANO
1.AND
LLAND
LLAND
LLAND

1.AND

“LAND

LAND
LAND
LAND
L.AND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND

P10R

PAOR
Pn0R
FalR
FalR
Falr

Falr
FalR

600D

6500
6900
6700

6100
6000
6n00

6n0D
FalR

Falr

FalR
600D
GN0Oo

FAIR

Falr
FalIR
FalIR
FalR
FaiR
FalR
FalR

FalR
Fair

FalR
GnOD

CIRCULAR

CTRCULAR
C1RCULAR
CTRCULAR
CIACULAR
CIRCILAR

CIRCULAR
CIRCULAR

CTrCuLAR

CrrCuLAR
CTRCULAR
CTRCULAR

ELLIPTICAL
ELLIPTICAL:
CIRCULARI

CIRCULAR

CIRCULAR
CIRCULAR
CIRCULAR

CIRCULAZ

CIRCHLAR
CIRCULAR
CIRCULAR
CIRCULAR
CIRCULAR
CIRCULAR:
CIRCULAR

CIRCULAR
CIRCULAR

CIRCULAR
CIRCULAR:

“0
3%

"B

n

ELJ

50

R0
L1

(34
40

21911
&//773

LY Y2
w773

LYy 274
w773

LYAE]
32942

2291/
6€//73

67473
22913

71963
6///3

21913
8277/
Ss277

Y7224
87747

Ssr¢7
&r/73
677743
§/7747

LY
K173
6s17/
67473
672/
67773
6/12/
67773
S/417
67773
87717
&r7773
S/11/
67773
6777/
“67773
67473
67773
64773

127

s3li2
72913

73011
53413

52916

73117
53318

73015
52817

72711
52811

52508
72708

72709
50000

72905
73208
73105

734006
73505

73609
53605
53408
73008

73209
53208
73108
53009
73408
53008
73406
52708
70000
50000
70000
50404
70000
50305
70311
50408
53408
53306
53105

PSBL CNTR

PSBL CNTK
PSBL CNTR
EvE

CNTR

CNTIR

CNTR
EYE

CNTR

EYE
EYE
EYE

EYE
EvE
EvE

EvE
EYE

CNTR

EvE
EYE
EYE

EvE

EvE
EvE
EYE
EVE
EYE
EYE
EVE

EYE

EVE

EYE
EvE

26.4N 127,.8E
28,48 123,50
26.2n 127,.8E
26,4N 127,88
26,8N 1 27,BE
26,2N 127.8E
26.2N 127,.8E
28,4N 123,5E0
26,4N 127,8E
28,4N 123,5E
26,4N 1 27,8E:
26,4N 127,8E
26.2n 127.8E
26,2N 127.8E
28,48 128,5E
26,4N 127,85
26,2N8 127.8E
28,4N 128,5E1
26,48 127,85
26,4N 127,88
26.,4N 127,.8E
26.,2N 127,86
?8,4N 129,5E
26.4N 127,86
26,4N 127,88
26.2N 127.8E
26,2N 127.8E
28.4N 123,5Ei
26,4N 127,8€
26.4N 127,8E
26.2N 127,88
28,4M 12845E
26,4N 127,.8E
2B.4N )28.5€:
26.2N 127.8E
26,2N 127,.8E
26,4% 127,.8E!
26,8N 127,8E
26,2N 127,80
2B.4N 12845E
26,4R 127.8E
2B,4N 123, 5Ei
26.2N 127.BE:
26,4N 127,8E
26.4N }274BE!
264N 127,.8E
26,2M 127,.8E
28,4 1284 5E
26,44 127,BE
26,2N 127,.8E!
2b.4N 127,8E:
26,2N 127.8E
26.4N 12748E!
26,2N 127,8E:
26,2N 127.8E
26,2N 127.8E
26.2N 127.8E
26.2N 127,.BE:
26.2N 127.8E
26,28 127,88
28,4N 128,.5€E
28,4N 129,5€
26,2N 127.8E:
26,2N 127.8BE
26,38 125, 8E!
26,2N 127.8E
28,6N 128456
26,28 127,8E
28,4N }28,5€
26.2N 127.8E
28,4N 123,5€E
26.2N 127.8E
2B.4N 128,5E
26,2N 127,8€
28,4N 128, 5E
26,2N 127.8E!
2B,4N 128, 5E!
26,2N 127.8E
2B,4N 1294 5E
26,2N 127,8E
2B,4N 123, 5E
2B.4N 129.5E
28,48 123,5E
284N 129, 5E

47331
47309
«73937
47931

47931

«7337
47337
47309
47331
47309
47931

47931
47337
47337
47IN9
47331

47937
AT919
47331
47331

47393)
47937
47909
47931

+733]

47337
47937
47309
«733)

47931

47377
47909
«7931

«7909
47937
47937
47331

47931

47937
47909
47971

47309
4737
4793]

47931

47931

«7337
47909
47931

«7I37
4793}

47997
47931

47937
47937
47337
47937
47937
47337
47397
47309
479109
47337
47977
47379
47337
47309
473937
47909
47937
4T909
47937
47908
473937
47909
47937
47909
47337
47909
47327
47309
47909
47909
47909



Fix
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68
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Fix
NO.

WE NP SWN -

Tim:
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2400%
240343
241139
2alléy
241143
241225
261631
242233
254031
2501
250332
254332
254332
251120
251141
251313
251613
251614
252219
252220
260014
260015
26031
260316
26110}
261101
261254
261256
261555
261556
262200
262200
262357
262357
27108)
27104)
271239
271538
271538
272322
272339
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2641w
2547M
2640w
2642N
26420
2641N

144.7E
1464.6E
184.8E
164.2€
164.3E
L64.4E
144 ,5€
164,5E
La4.4E
164,3€
144 .4E
164.5E
164,1E
184.3E
144.3E
131.4E
131.2E
131,2E
131.0E
130.9E
13n,8E
130, 7€
130.6€
130.0E
130.5E
130.4E
130.2E
130.1E
130.0E
130.0E
129.0E
129.9E
129,.8E
129.8E
129.5E
129.6E
129.6€
129.5E
129.4E

PCN
Pon
PCN
PCN
PCN
PeN
Pry
PeN
PCN
PCN
PcN
PCN
PCN
Pcy
PCN
PN
PCN
PeN
ecN
PcN
PeN
Py
PCeN

UV U UV LUV LYY YUY U TTICLLo s

FLT
LvL

1500F T
1500F 1
TnoMes
TooMo
TooMb
Toom
TopMs
Tnomn
Toou
TooMs
TooMB
TnoMs
ToomMs
TooMB
T700MB
TooMs
ToomMy
TooNB
TooMB
TooMs
TooMs
TooM8

RADAR

LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LANO
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LANO

T2en/3.0=/nle0/21HRS
T2eD/240 /50.0/27HRS

Tlen/?e0 /wle0/25HRS

T0e0/140 /W240/22HRR

“Iv
HGY

3085
Wle
0035
2983
2982
2942
2924
2972
2943
2898
2864
2851
2813
2814
»783
2752
2765
2752
~ptey

ACCHY

FalR
GOVD
FalRr
GO0
GOVU
PAUR
GOLL
(LU
GnuY
GOV
GOVD
POUR
GoVY
Goov

GoLL

G000

GOV

GoU0D

POUR
GnoL

POOR

6000
Govu

DMSP Y&
Nnaaq

OMER T
DELTRES
QMG 35
DmsPR!
DmsP 37
DMsP A
DmSP 34
LOEYAY

Dusp 3/
TCURYS
NOAaaq

DEALE LY
[ DTCETY
AT ALY
OMsR37
DMSP a7
Dusw 3/
DuSER an
Nnaas

OmSP Iy
DMGeIR

UPR Lvi

C1 SAdE

ATICWAFY FIXKES

NRS  MAX~SFCawyD MaX=FLT-L¥L=4NN ACCRY EvE
MSLP  VIL/3RG/ANG  NTH/VEL/QRG/NG NAV/MEY SHarE
1004 15 010 o 4 20
tno?7 25 170 130 Pma 15 k70 78 1% 8

3y 20 210 240 h 1h
¢ 010 30 120 40 ¢lU0 3n
992 70 220 1S 090 40 350 60 4 4
200 &S 070 17
389 370 S8 190 27 & 2  ELLIPTICAL
983 30 170 1S5 230 80 170 R 1 5 CIRCIILAR
100 310 10 o030 65 310 1%

380 30 240 10 260 65 240 1n 2 5  CIRCYLAR

tho Bl UBL  4n

983 150 61 110 40 10 10

976 80 090 15 1%0 B0 09¢ 315 5 5  CiRCILAR

374 1R 70 120 &% 5 b  ELLIPFICAL

P30 52 350 2%

969 30 140 |5 P40 65 140 1R 3 ) CARCULAR

369 30 180 20 2A0 70 }lBU 20 3 3 CiRCIILAR

965 Ing 58 190 35 5 3 ELLIPTICAL

110 118 300 15
963 030 68 320 20 s 3 CIHCHLAR
080 89 360 24
oMo 85 350 1k 9 7 CINCHLAR
RAJAR FIXES

EYE EYF RaANUE=COUE

SHAPE Dlsm ASwaK JUUFF COMMENTS
ELLEPTICAL 12 OPEN Sw
ELLIPTICAL . OPEN w THRU S
CIRCULAR 2o OREN Nw AND St
ELLIPTICAL 33 OPEN Nw AND E THRU §
CIRCULAR 25 OPEN &

CIRCULAR 23 OPEN Nw AND E
QveN w THHU £
CIRCULAR as OPEN NE {HRU >
CIRCULAR &0 OFEN NE
CIRCULAR 69 OPEN N
CIRCULAR an OPEN Sw
CIRCULAR 40 OPEN Nw
ELLIPTICAL 40 OPEN w TWNU N THRu E
CIRCULAR 32 OFEN ~w ahu St
CIRCULAR 30 OPEN N
RIIIT 21E1S
6777/ 5301s
hr77e S28)1¢
20 MOy 3125
6//71¢ 53)2¢
21401 63019
20 Mty 2930
2070 53123
WMITE 73049
20 MY 3130
10712 $39)0
1n6lL 7302
20 MOV 3130
10682 534019
10611 73018
20 MoV 3130
10811 7301¢
10612 S3013
20 MOV 3130
10612 52919 .
10711 7282+«

131

ZYE OXKIEN

PLTW
P3TR
RODON
RKSD
RP MK
RDON
PGTH
PGTH
RPMX
PGTH
RKSD
PGTW
PGT4
ROON
RPYK
ROON
RODN
PGy
RKSO
PGIW
PGIw
RKS50
APMK

ALAM/TATION  QuT

35 2

a5
20
25
35
2R
25
25
28

15

20

50

30

*76
2

12

*10
*13

12

*13
.10
03

+15
12
]

*12
*16

nAD,
PoStT

13.0n8
13.0mn
13.6M8
13.0N
13,0n
13,08
13.08
13.0n8
13,68
13.0n
13,0n
13.0n
t3.on
13.6N
13.6n
264N
264N
28 ,eN
26,1n
28 ,4n
€b,4n
26,n
2B an
26,4
26.1n
FL L
26.1n
261N
ZB,eN
264N
263N
26,0
261N
28 ,4n
26 , 3N
26,3n
26,1n
28.4n
26.1n

EvE TEW? (M)

s IN/ Do/sST

*24
+26 +25
«11
+10 ¢ 3
+12 e
+16 + 8
+14 07
+15 +1y
s16
+19
+17 + o
+16 o)y
19 +1n
+16 *lp
+15 +1
+19 +1>
18 1>
+16 13
+14 ¢l4
¢l6 ¢l
+18 ¢l3
+18 *ln

an
TON

144.9E
16449E
164e9E
104.9E
146.9E
144.9E
164.9€
164.9E
14649E
144.9E
144,98
144.9E
144.9E
1464+9E
184.9E
127 .8E
127.8E
129.5E
t27.7€
129.5E
127+8E
127,78
123.5E
127.8E
12778
129.5€
127.8E
127.7E
129.5€
127.8E
127.8E
127.7€
127.8E
129.5E
y2l.8E

T.8E
:ET.TE
127.5E
127.8E

29
29

SiVF

wM0 NO,

91218
91218
J1218
91218
91218
91218
91218
91218
91218
91218
91218
91218
31218
9118
91218
87937
27937
67909
47437
47909
47937
47937
47409
47931
47937
47709
47937
47937
47909
47937
47931
47937
47937
47709
4793}
4793}
47937
47909
47937

sy
N,

O OE W WW NG T U YIS S W

—



110

111

ile
113
11s
113
llo
1nr
114
1y
12d,
121

iee.
1ed
12s
12>

142105
142130
142200
1e2200
142200
142200
la223¢
142300
142300
1423u0
142300
pETEIT
142330
150000
1sug00
150000
150000
150030
154100
150100
150100
150100
150100
150135
150200

150200 °

150200
1b0200
1s0200
150300
150300
150300
150300
15030¢
150330
150400
150400
150400
150400
150400
159500
150500
150500
150500
159600
150600
150600
150700
150700
150700
150700
150800
150800
150800
150800
150800
150300
150900
1503900
150900
151000
151000
151000
151000
151039
is11v0
151100
151100
153100
151200
151200
151200
151300
151300
151300
151400
15100
151600
151540
151500
151500
151600
151700
1518400
151900
1520u0

26.1n
260\
26bein
2h.2N
2643

26.3N°

2642w
2643N
26eIM
26442
2646N
2644
26e3.
26458
26e4n
2644n
2645m
266N
2645
2646n
2645
2646m
2645w
2646n
26,Tn
26468
26478
26460
26450
2648w
26490
2647w
2649N
26,8
2bHeBn
2740
264890
26451
26494
26.9M
27a0m
274 1n
27,0
27.0n
271w
27420
271
O
27e2:
27.§u

23410

129.%E  LAND
129.4E  LAND
129.2E  LAND
129.2E  LAND
129,3E  LAND
129.3E  LAND
129.1E  LAND
128.9E  LAND
128.9E  LAND
129.0E  LAND
129.8E  LAND
128,9E  LAND
126.3E  LAND
128, 7€ LAND
12R.0E LAND
178.7E  LAND
129.4E  LAND
128.5E LAND
128, 4E  LAND
12R.4E  LAND
128,4E  LAND
128.5E LAND
128,5E  LAND
128.3E  LAND
128,28  LAND
128,2€  LAND
128,3E LAND
128.2E  LAND
128,26  LAND
128,0E  LAND
127.9€  LAND
128,0E LAND
128,06 LAND
127,96 LAND
127.8E LAND
127.6E  LAND
127.6E  LAND
127.8E LAND
127.7E  LAND
127.7E  LAND
127.6E  LAND
127.5E  LAND
127.5€ LAND
127.4E  LAND
127.2E  LAND
127.6€  LAND
127.3E  LAND
127.0E  LAND
127.0E LAND
127.VE  LAND
127.,2E  LAND
126+8E LAND
126,88 LAND
126,98 LAND
. TRE LAND
1?6\:\§§\\\\\LAND
126.9E LAND
126.6E  LAND
. 126,5€ LAND
126,5€ LAND
126,38 LAND
126.3E  LAND:
126,4E  LAND
126.3E  LAND:
126,2E  LAND
126,0E  LAND
126.1E LAND
126.1€  LAND
126.,0E  LAND
125,9E  LAND
125.8€ LAND
125.9€ LAND
125.7€  LAND
125.6E  LAND
125.7€  LAND
125.4E  LAND
125,3E  LAND
125,6E LAND
125.2E  LAND
125.2E  LANO
125,0E  LAND
124,.9E  LAND
126.,8BE LANO
124.6E LAND
124.4E  LAND
124,3E LAND

GouU

600D
GOVL

GO
GovL
GouD
GOUD
POVR
Gnou
Gouu
G6n0u

Gov0
GOLD
[chIMY
GDLD
GOLD
GOV
GnoL

GnUD
GOVD

6noD

6000
POUN
GNLD
POUR

6QYp
600D

G000
G000

GooD
G000
GOVD
[0V
6000
8000
Falr

FalRr

PNOR
GOoD

LY
6000
FalR

FalR

CIRCULAR

CIRCULAR

ELLIPTICAL

ELLIPTICAL

ELLIPTICAL

ELLIPTICAL

ELLIPTICAL

ELLIPTICAL
ELLIPTICAL

ELLIPTICAL

ELLIPTICAL

ELLIPTICAL

CIRCULAR

CIRCULAR

CIRCULAR
CIRCULAR

CIRCULAR

3.2

18
25

0

20
a2

18

20

18

r

20

70

5
20
20

21
15

18
23

Fd:

16

23

18
17

18

1n614
10612

10611

1061

loeie

14711

S//42

/742
1171}

11764
ar722

IR 1Y)
57742

5//742

10711
10811
67741

37713
loete

17741

10712
6774}
3/712

10731
3//712

LYFL Y
37712

20882

20741

31712
S/r72
LY 224

6s17/
S7272

67127
37772

37272
LYy 2 dd

S//72
S//71
Ssr/¢2
Sr1/2
87772

72915
5311

72917
52920

52913

72916

52915

652919
12915

13016
53113

2916
53215

53013

291
13014
53019

$3011
73012

$3015

12912
52716
53110

72¥12
53011

5282y
52910

T2914
72914

s5271e
52908
72912

12916
5301¢

72811
52912

52911
7301

salis
53100
S3013
52711
53300

132

MNY

LUl

MOy

MOV

MOV

MDY

MOy

MOy

Mov

Mov

Koy

L1

Hov

MOV

MOV

nov

MOV

3230

3130

3130

3130

3030

3030

3030
3130

2vzo

3025

3n2s
2930

2930

3030

3020
3030
3u20

3030

127 8E
127,8€
127.8E
127-8€
129.5E
127.7€
1274 8E
127.8E

Te8E
}ST.TE
1276E

“129.5E

12748E
127 7E
12748E
12%.5E
127.6E
127.8E

129.5E

127.6E
127.8€
127.7E
129,58
127.8E
127.6E
127.8E
127.7€
129.5E
127.8E
127.8E
12748E
129.5E
127.7E
127,6E
127.8E
127.86E
127.8E
1235E
127.8E

1277

123.5E
127.7¢
127.8E
127.8E
127.8E
129.5E
127.7E
125.3€
127.8E
127.7€
123.5€
1278

7.8€
183:sE
125.3E
127 7€
127.8E
123038
12747E

129,5E

125¢3E
126.8E
127 .8E
127.8E
127.8E
127.8E
127 +8E
126.8€
125.3E

125.3E

127.8E
126.8E
12748E
125.3f

126.8E

127.8E
12543E
126.8E
12336

127.8E

125488
125.3E
12543E
12543E

123.3E

12543€

47931
4793}
47493}
47937
47909
47937
4793)
#7937
4793)
47937
47930
47909
4793)
47937
47931
47919
47930
#7331
47937
47930
4733)
47937
47309
47931
47330
4793}
47937
479909
«7937
4793}
47337
7909
47937
47930
47931
47930
47937
4799
47931
47937
47909
47937
«793]
47937
47937
47909
7937
aT927
47937
4737
47209
47931
47937
47909
47927
37937
47937
47927
47937
47909
sT927
47929
47931
47937
47931
47937
«793)
47929
47927
«7927
47937
47929
47937
47927
47929
#7937
s 7927
47329
47927
47937
#7929
41927
A7927
47927
47927

47927



FIX

CE~NT UF W -

Fix
NO.

O U F W -

FIx

NENCY S W -

TIMZ
(¥4}

1ov210
1p12v0
loe213
11105«
111142
li163s
111634
112154
112243
112243
12025
120318
120316
121035
121125
121553
122134
130007
13vess
130258
13v2s3
131120
131243
131540

1145
73

110423
120403
120624
12065)
121508
i21320

T1ME
(2)

121700
121800
121300
122000

122100.

122200
122300
130000
130100

X
Los1TION

12.5N
15,an
15,5
1H,6N
13,4m
i3,aN
ir, 3
204 0N
27, 7N
20,18
209N
224N
21,.5N
23,28
2344N
24428
23,9N
24 ,6N
25,0N
26 AN
25,.2N
2643N
26,6N
267N

129, 0E
1729.5€
129.9E€
126,9E
127.0E
126.6€
1727.0E
125.0E
126 7€
175.8E
124,6E
126.2€
125.0E
12447
173.9E
177.4E
127,0E
12146E
121.1E
120,8E
121.0€
170.3E
170.JE
119.5€

Fix
POSITTION

1A.3N 12A,1E

21,58
21,5N
21,98
22.6N
23,IN

124.9€
174,8€
126.5€
122.9E
122.1E

Fix
POSITINN

22.9N
23,1n
23,2n
23,5N
23,4N
23,4N
23,5N
23.8N
24,18

172,.,8E
122.6E
127.4E
122.4€
122.2E
122.4E
122.1€
122.2€
122.1E

aCcRy

PN
PCN
PCcy
PCN
PCN
PCN
PCN
PCN
PCN
PCN
PCy
PCN
PcN
PCN
PeN
PCN
PCN
PCN
PeN
PcN
PeN
PCN
PCN
PCN

COCLULUUUTUTOoOUUTY YT U UYTUT U U

FLT
LVL

1500F1
Toomt
ToDmy
To0MH
TooMH
Toomy

RaDAR

LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND

JVHIaK COPE

TU«0/040

TULB/0.0 /S0.0/720HRS

Tle0/1en /0140/24HRS

Tle0/140

TleD/3e0

T245/245¢/0143/24HRS

T3e37345

T3eN/340-7D2.0/2RHRS

T2e5/245=/01 45/ 24HHE

4lv
AGT

BT
3031
3035
008
2990

sCrRY

n8s
MSLP

399
987

984

EYE
SHAPE

TROPICAL STORM DELLA

SaTEIF TTH FIXES

SaT

DuSPIn
Dus yn
Dmeea7
Dmswy?
omMaR YA
Dusa3y
OMSe S
OmsR 4T
[TLUETY
[ELUATS
NnAAS
oMSP 35
LI ALY
PusP?
DMGH 34
OMSH I
omsPy?
DMSK aA
Qomsean
[T T
DMSPIS
NnAAG
oNGR A
QuSP N

CIameNTS

INTI
Cl uP

IS

cl ur

INJI 04s

INDY J4s
Ccl vP

INIT 04S

"VIL/ARG/RNG

sTRCRAFT FIXES

MaX=SFCewWND MAX=FLT=LVL=4NN ACCRY

H/VEL/dRO/ NG NAV/NET

40 090 1S Pad 40 150 10 2 2
50 0S0 25 160 58 0B0 25 4 N
260 40 18v )15 e 2
210 35 11V 20 5 &

QAJAR FTXES

EYF RANOBCQUE

DIam

ASWAKR

?597¢3
LY
25473
Pass2
25473
Pass2
?9s/73
124207
10472

TOOFF

51314
5311«
§331¢
53415
5231¢
53440
S3313
5021¢
50515

133

Evc
SHAPE

COMMENT S

SITE
PGl
PGIw
PGTw
PGTw
PGIw
PGTW
ROUN
PGTH
fGTH
RPMK
PGTY
ROON
RPMX
PGTw
PeTH
RPMK
PGTw
/KSO
REMX
PG
ROUN
PGTw
ROON
PGl
EYE ORJEN- EYE TEW? . (p)
DIAM/TATION OUT,/ INZ JPs5ST
*12 ¢l6 ¢y
¢lé +la
+18 «18 +0A
18 +20-+04
HADAR SITF
PDOSETTON wyD NO,
20,08 120468 486699
20,UN 121.6E 46889
24,08 121.6E 46499
26 ,0n8 121.6E 456599
28,08 12]1,6E «6hR9
24 0N 121 ,6E 46539
24,08 121,6E 56599
24,08 12]146E 46599
24,08 121,.6E 46539

sy
NOD,

(3
u2
02
uz
03
03



TROPICAL DEPRESSION 14

caTEL) TTF FEXES

Fia 174: FTx
NU. (7) BOSLITAM aCey OVHaK CONE SaT CO4MFNTS SITE
1 132299 My VAP AT PCN 6 TULD/0D NNAAG INIT J9s PGTW
2 lér3al 1l.an 150,00 PCN © OmsP2L CI vLaN PGTW
3 Lonter 12,an 184,98 PCN D YULD/0.0 /SD040/72THRS  DMSP3IS PGTW
4 159952 13,30 15AHE PCN B NnAAL cl uP PG
3 151323 13,48 15A .98 PEN & PLACE PG
S 1lotdls 1A,n1 164,48 PCN Y TULD/D.0 /SDe0/724HR]  DMSP3IS PGTv
f 179147 19,34 140,63 PCN 3 TlaD/14D /D).0/26HRS  DMSP3S PGTW
3 170293 20,40 1aR,9E PCY & OMSP3A PGl
F 1720597 21.an T6u 6 PCN 5 Tieli71.0 7S50.0/713HRS OWSPys egly
b 1Ba1Z7 22,24 148,92 PCY o LIS PGTW
1l 181122 2Za,an 164,78 PCN 6 OMSP 4 PGTd
12 18)135 P4.3m 146,58 PCy o NOAAS PGTN
§3 181511 24438 144.8T PCN 4 OMSPIs  PARIIALLY PGYY
16 182113 2914 16,68 oCN D T2.077.04/0)1.0/726HRS  DNSP37 PG
1> 182223 25,78 141.mE  PCN 3 DMSP 34 PGTd
15 19009 S 141.0E  PCN 3 NOAAS PGTW
14 191000 12 £ pey 3 oMSP3T CI 00aN PGl
i8 191000 k PCN 3 onNsPa7 RKSO
1% 191043 137.9E PCN 4 NOAAS PGTd
¢ 191306 PCN 3 OMSPIS PGTH
21 192099 dAn.1i 174, ocN 3 ~/D0.3726HRS  DNSPIT PGTN
22 192953 3n.nn 13R.0E PCN 3 . puse3?  INIE 245 RKS0
23 1872053 3u,im 13%,5E PCN 3 Tle0/140 DmsP3? INIT 038 RODN
2% 192205 30,44 135,45 PCN 3 DMSPIA PGTw
2o 192325 30.3n 13R.7E NDRAS PGTW
25 200054 31,2n 135,1E  PCN 8 DusP3s : PGTW
21 200235 31,711 134.9E  PCN 3 DMSP3S PGTY
28 209235 31478 134.8E PCcN 3 DusSP3IS RKSO
29 200940 33,98 1.9 PCN S DMSP37 PGTM
3u 200940 33.34¢ 133.6E  PCN © DusP37 ROON
B1CRAFT +IXES
Flan Trws F1y FLT MiN 028S  Max~=SFC.wND Max=FLT=LvL-wNn ACCRY EvE EYE ORIEN~ uS Y
NUe  {2) POSLTEN LYL HGT  MSLP  VIL/HRG/RNG NDIR/VEL/BRUG/=NG NAV/MET SHaA®PE 0laM/TATION NU,
1 Ia13%y 24,1n (64,3E Toomo 3103 19002 100 4B oB0 95 5 3 *11 +10 + 8 2
2 199132 29,94 140,5E Toous 3
3 19932% 26,3y 139, YE  Tooms 3008 998 50 360 15 oke 50 300 15 2 3 +24 +26 426 29 3
4 §19§52¢ 2749 13%.5E 700Ms 3116 090 3B 040 40 13 & *10 +10 +lo &
S 2pu24y 313w 134,%E  1500F) looe 20 130 &0 250 35 130 &0 5 20 26 +17 H
QAYAR FTXES
Fin TIsZ Tix EYE EYF RANOB-CODE RaDar sITFR
NGe  (2) BOSTTION RADAR  ACCRY SHAPE DIsv  ASMAH TDOFF CoMMERTE: PpSETTONI wMd NO,
1200700 33,2N 134.4E  LAND 51427 7999/ 33,38 138,2E1  478A9
¢ 200300 33.4N 134.5E LAND Ss7¢/ 50127 33.3M 13852E1  479R9

b



TYPHOON ELAINE

caTEN) 17F FIXES

Fia 103 FIx
NU. (2) POZITINN aCeRy JVIBK CONE SAT LIM¥FNTS SITE
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SATENt TTE FIXES

Dvraax CONE SAT CIMNFNTS STTE
DusK3IA  APPANZNT LOW LVL peTw
TUe0/040 DOMSE 3R INIY 4§ PGTH
DwSK 36 EAPUSZIY 1LCC PGTx
11407140 /DLa0/24HRS  DMGP34 PGTH
DMSP3Ih  EXJRAP. Tn ILL DEFINEV LLCC PGTw
12207240 70)0/20HRR  DMRR37 eGTW
DMS® PGTw
OmMeP3S PGTW
DwsP37 PeTH
T345/3e5 /N1+5/26HRE  DMSP A PGl
DMSH IS PGTH
omMeP 37 PGTN
DMSP 36 PGTd
DMSR3A ROON
DMER 5 PGTd
DMsP3? PGTW
T4e0/4.0 7D0.5/24HRE  DMSP3IA pPeTw
DmsP34 ROON
Duspa7 PGTW
DMSP37 RKSO
DusPa? RODN
DusP3n PGTw
DusSPIs RKSD
DMEP3N PGTW
T400/440 /S0.0/23HRS  DusP37 PeTH
T5.0/5.0 DMSP37  INEI J4S RODN
15.0/540 DWSP37  [NLI J4s RPMK
DMSPIA PGTW
DusP3S PGTHW
OMSP3I?  RAGGED EYVE ROON
DMse3?  Cl oAvE PeTw
DusP 36 PGTW
DMSP 34 eGTwW
DMSPI% PGTW
DMsPIS ROON
DmsPaS RKSO
- 75407540 /S0.0/26HRS  DuSPI7 ROUN
T445/445+/D043/24HRS  DMSP37 ™
DusP3s PGTw
DusPyh PGTY
QusP3s PGTW
Dusp37 RODN
DusP37  Cl SAvE PGTwW
OMSP36 PGTH
OesP3IS PGTW
Omsp37 RKSO
T3e0/400 /W1le3/24HRS  (NSP3T PGTH
T3e57/345 [(ELTPTY INIT 24s KGNC
Omce KGWC
Omse KGHC

ATCRAFT FIXES

MiN OBS MAX=SFC-®\yD MaX=FLT=|.vL=W¥NN ACCRY EYE EYE ORJEN- EYE TEMP: (p) wsy
HGY MSLP WZL/BRG/RNG DIR/VEL/URG/ANG NAV/MeT SHaPg D1aM/TATION wUT/s IN/ DPsSST NU,
30ls 991 30 070 7?5 150 56 060 7R 4 2 14 *ln 1
3007 990 40 270 350 360 30 270 60 4 10 +13 +13 * o 1
2936 lun 51 jlue 5 +18 +lg 2
2917 980 110 55 360 o9 5 b CIRCyLAR 35 *31] +16 11 2
2917 979 55 270 30 3%0 45 270 38 2 2 *12 ¢16 *1p 3
2899 977 40 140 30 210 50 14U 3n el16 +1> k)
2883 377 140 B0 poU 25 30 +15 +1 .
2867 912 2a0 50 250 28 & 2 ELLIRTICAL 3p 20 090 o114 o17 1> 3
2778 964 30 010 15 a7a T8 D10 23 15 1 3
2754 - 962 70250 20 330 T2 250 20 S5 S ELLIPTICAL 35 38 020 “16 +lé ¢lp 3
2N13 357 219 105 210 20 +17 +la 6
2680 953 270 120 180 )& 2 3 CIRCULAR 25 416 +19 +13 5
2656 950 30 250 15 090 92 00 1k 19 «13 7
2661 950 30 260 16 3Inn 106 270 1> 4 2 CIARCULAR 3R ©343 +48 +ls 7
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LR ]

'TROPICAL STORM KIT

SATELI ITF FOIXES

FIX TyME Fix
NOe  (2) POSTTION aCCRY D¥93aK cODE Saf COMMENTS S1TE
1192318 13.6N 133.6E PCN D T0a0/0.0 DMSP3A INIT J8s PGTW
2 200946 16.3N 12R.2E PCN 6 DmsP37 PGTYW
3 202227 13,7w 127,26 PCN 5> TLu0/1.0 /D1.0/23HRG Duso37 PGTu
& 202227 13,2N 1PR.0E  PCN 5 Tlu5/1.5 DMsP37 INET O3S RPMK
5 21u31l5 13.,6N 1PR.0E PCN 5 DMSP3I5 RPNK
6 211068 12,48N 125,4E PcN S DMGP37 ROON
7 211108 13,4N 126.5E PCN 5 DMSP37 RPMK
6 211142 13,5N 127.2E PCN € DMSPIA PGTW
¥ 211413 13,0N 128.4E PCN o OMSP IS RODN
10 211556 1le.0N 125.7E  PCA S OMSP3IS5  BASED IN CB W EDGE  OUTFLOW RODN
11 212208 13,7N 123,88  PCN 5 T240/2.0 700.35/724HRS  DMsP37 RPMK
12 212208 154.9N 123.2E PCN 5 T1la5/1.5-/00.5/24HRS  DMSP3/ PGTH
13 220257 14,0N 120.7€ PCN 5 DMEPIS 2ND 15,0n 120,.7E 19,08 122,75 RPHK
14 220257 15,0N 123.3E PCN 5 omsPIs POTW
15 221048 15,28 120.8E PCN & oMSeI? RPMK
16 221048 15,5N 121.0E PCN S ouse7? PGTH
17 221533 }4.4N 118,.1E PCN DMSP3IS RPMK
18 221333 )h 4N 118.6E PCN 9 pMsSP3Is PGTH
19 222148 17.8N 117.8E PcN S DusP3T  CI wP PGTH
20 222148 18,1N.117.7E PCN DusP3? RPMK
21 222330 15.5N 115.7E  PCN 5 DmsP37 RPMK
22 230239 15.5N 115.8E FCN 5 T2.0/2.0 /D0.5/28HRS  DuMSP3S APPARENT LOW LvL CIRCULATION PGTW
23 230239 15.5N 115.4E PCN 5 T72.0/2,04/50.0/28HRS  DMSP35 RPMK
2% 230421 15,5N 115.0E PCN 5 DMsP35 RPMK
25 231029 14.8N 114.,0E  PCN & DMsSP37 RPMK
26 231029 15,28 115.4E  PCN 6 DmusP3?7 PGTW
27 231210 15.0N 112.7E  PCN © DusP37 RPMK
2B 231243 14,5N 1143 PCN 6 DMSP36 RODN
29 232310 15.7N 113.4E  PCN 5 T2.5/2.5 /D0.3721HRG  DMSP37 RPMK
30 232350 16,3N 112.9E PCN 6 T245/2.5-/00.5/21HRS DMSP36  2NU 1746N 123.7E 179N 112.9€ PGTd
31 232350 16,3N 113,0€E PCN 6 73,0/3.0 DMSPI6 INIT Od§ ROON
32 240403 16,0N 113.3E PCN S DMSP3S BETTER: ORGANIZED RPMK
33 241151 16498 112.2E  PCN S OMsP37  CPL 00N RPMK
34 241151 17.1N 112.4E PCN & OMSP3T ROON
35 241643 17.6n 111.7€ PCN S DuSPIS RPMK
36 262251 17.9N 111.26 PCN 3 73.40/3.0-/0045724HRG  DMSP3T RPMK
37 242251 17.9N 111.2E PCN & pusPa7 SECONOARY AT 16.88 110.1€ ROON
38 242332 18,28 111,06 PCN 6 ougPI6 PGTY
39 250345 17,9 J10.4E  PCN S oMSP3s RPNK
40 250345 1A.5N 109.5E PCN S OuEP3S RODN
41 251132 18.9N 109.0E  PCN S DMsP37 RPMK
42 251132 17.8v 1n8.7E  PCN 6 pusP3?  Cl wP ROON
%3 251215 19,3N 1n9.1E  PCN D DMSP36 PGTW
46 251527 18.8N 1nB4IE  PCN 5 DMSP3S RPMK
45 25223]1 1Be2N 107.6E PCN 5 T2.07/245=/W0e5/23HR:  DMSP37 PGTW
46 260058 17.9N 107.2E PCN | T3.5/3.5=/D0.5726HRS DMSP36 RAGGED: EYE RPMK
47 260327 17.8N 107,0E  PCN 3 DusP3s RPMK
48 261112 17.5N i1nk.4E PCN S DmsP37 RPMK
49 261112 17.6N 105.3E  PCN 5 DMSP3T RODN
SU 261509 17,78 104.4E PCN © DMSP3S ROON

&TICRAFT FIXES

FIx Time FIx FLT MIN  08S MAX=SFCeWND MAX=-FLT=LVL=4NND ACCRY EvE EYE QRIEN= EVE TENPL (¢) usy
NOe (2) POSEITINN LvL HGT MSLP VEL/BRG/RNG DIR/VEL/BHG/ANG NAV/MET SHAPE OLaM/TATION OUT/ IN/ DP/SST WO,
1 210122 13.5N 12B.8E 1500FF 1001 15 040 50 190 18 070 20 S 20 ELLIipTICAL 360 25 23 23 27 ]
2 210152 13.2N 12R.0E 1500F7 oTn 12 310 {20 +10 + 9 1
3 212258 l4.7wm 125.2E 1500FF 995 20 090 245 180 26 1y0 @60 S 2 +25 +25 +23 27 2
4 220251 14.9N 124.2E 1500F7 995 25 100 145 1R0 23 170 145 & 6 25 +28 423 2B 2
5 221562 15.4n 121.9E  ToOMB 3099 1001 0R0 20 350 10 2°S CIRCULAR 15 *10 +lo +do 3
6 230200 15,38 115.7E  7o0MB 3054 25 080 210 150 33 080 210 +11 + 9 “
7 230337 14,6N 115.2E  ToOMB 3049 996 10 120 100 210 25 120 g0 4 S *10 +10 * 9 4
B 230958 14,9N 115.8E ToomB  303) 994 40 090 20 180 37 090 25 3 4 13 415 + 7 5
9 231458 15,38 115.3E  TpOMB 3019 992 3%0 19 270 15 1o 3 *42 »15 +12 5
10 232137 15,4n 114.2€ T00MB 3044 995 210 53 110 5n 5 & ELLIPTICAL 20 15 .15¢0 *30 13 ¢lo [}
11 232137 15,4N 11442 _TpoMB 3044 35 050 45 210 53 110 50 +13 o [
12 240040 16,08 113.7E  700MB &
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Flx

[ T
CUFLRI-FSLENOU Wi

17

20204%
21v32s
2116145
212243
271357
231107
232208
240222
241010
241010

241050

241503
241503
262109
242332
250206
250204
250330
2503590
255215
291215
251645
252231
252231
252315
26u32?
26llle
26ll1he
2A1157
261628
261828
262211
2622l2
26222
262298
270310
270310
270310
271053
271053
271140
271140
27135)
27el%e
272152
272152
20022
2Bu2h2
2Bu2w2
281033
281033
28130
2R1534
282314
290004
290004
297234
294416
291245
291516
291516
292255
2922535
292347
30u358
301138
301138
301640
302233
30235
302329
0101l
010340
010340
011118
011116
oriaie
011622
011822
012215
012216
o2vu3ze
020322
021057
021057
021336
021604
021604
072338
030034

Frx

2081

YN
1a,2N

I8N
11,38

GeoN
11.0n
12.7n
12N
12,20
1246N
12.4N
124508
12.4n
11,78
13.1N
13,nN
12.4n
12,08
119N
12N
1749N

12.9N
13.08
13.3N
13,5N
13,38
13,eN
13,48
13488
13,78
13,98
14,38
401N
14.4N
14,5N
149N
14,68
15,0N
14458
141N
15.4N
15.5N
15,7N
15,4N
1642N
1642N
16,TN
14,7N
16,5N
16,3N
1645N
17.0N
1718
16,9N
17.1N
17,20
17.58
17,68
18, IN
18,0N
18.4N
18,78
18,88
18,5N
18,7N
lo,1n
19,08
19,68
19.6N
195N
19,8N
20.0N
20.0N
204N
20.7N
206N
21.5N
2le4N
21.2N
213N
2145N
21e4N
21.6N

Tro~

14A.0FE
tahkalE
1464LE
162.4E
14144E
139,38
137.6E
135.3E
136,2E
136.6E
133.9E
133.1E
1 1E
131.7€
131.7€
130,5€
131n.8E
179,6E
1729,5E
17946E
129.8¢€
129,.0€
126.9E
175,9€
126 ,hE
125.9E
t24.7E
126.7E
124 4%E
12645E
1744,0E
122+ 1E
122.4E
122,5€
172.4E
121.7€
171.7€
121.7€
170.2E
120e4E
119,.9€
172042E
119.42€
1V1T7.9E
11R.9€
118.8€
118.2E
117.1E
117.3E
116.6E
116.5E
116.6E
11640E
118.0E
116.9E
114.7€
11446E
11446
113,95
113.1€
173.0E
113.2€
113.0E
113.1€
112.7€
112.4E€
11246€
117.2€
111.7E
1L.TE
112.0E
112.0E
111.4E
T11.3E
110.5E
11n.5E
190.7E
11046E
110.3E
110.0E
109.9€
109.6E
109,5E
10R.6E
108,5E
108,0E
107.7E
107.6E
106.9€
10AHE

aCCRY

PcN
Pcy
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Pcw
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Pew
PN
PCN
PN
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PCN
PN
PeN
PCN
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PcN
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(2
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PCN
PcN
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PcN
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PCN
PCN
PCcN
PCN
PcN
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PCN
PCN

PCN
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PcN
PcN
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PcN
PcN
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TYPHOON LOLA

SATEN§ 1T+ FIXES

U¥33AK CANE
Tlsli/0en
TUe0/Ded /SDeD/2AHRS

Tle0/1e0

T245/245 /D145/23HRS

T2.0/240

1243/2454/50+0/23HRR
12e3/245 /D0B+5/20HRS

13407340

T34573¢5 /014D/24HRS
13.5/3,5 /D1.0/24HRS
T420/4404/Dlle0/24HRS

¥2.0/740

7345734547504 0/29HRS
T345/345 /S0.0/29HRS

T845/445 /D) «0/20HRR

T4e5/445

T545/545 /D) +0/25HRS
T540/540 /D0+5/22HRS
T4:5/4.5

T4e5/445
T4.0/5.0-/W1.0/24HRS

75.5/545=/50+0/26HRS

T540/5+0=/%0e5/22HRS

T3¢0/440=/42%0/20HRS
T3a0/140

a7

Qusp it
OusH 32
QusP Iy
DMSPIA
[ERTETY
TR T
LINCET
PuSP 3
oMy
omSe3?
DuSP YA
DusE I
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[LEIN-E Y S
DusP 3h
DusP3sS
[PEIEETY
DMsP 37
Dusk37
LDMSP3s
DMSP 34
DMSP 3%
pmse3y?
DM 3/
OmGR3A
QusPIs
DMSPI T
omsp37
NUSPIH
OusPIY
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DusPa7
OmGLR 37
DMsP37
DMSP 36
DMSP3IS
DMSP 34
UMGP3S
DMRP37
DMSP27
PELTETY
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DMSP3IS
DMSP3T
DmwsPa 7
DMSP3IA
DMSP3A
DMsP3n
DwSP3G
DMsP37
DwsP37
DuSPIA
DMsP IS
onsPI7
DusP A
OMsP3IA
DMEP IS
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Duse3a
DMSPIS
DMSPIS
DuSE7?
puSP37
DMSPI6
DuSPIn
DNSE3IT7
ouse?
ouseIS
DMSK3I7
DMSP37
DusP3A
DMsPI6
DuMsP3IS
DusP 35
DwsP37
Dwuse37
DMSP3IA
DuSPIS
DuSEP IS
DusPI7
DMsP3T
INsP3s
DMSPIS
DNSP3T
QMee37
DusPIA
DMSHIS
O¥SP3IS
DMse3?
LA T
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CoaMeNTS

INLD 048
dAScU UN POSS 1 LCC

INTH

Cl1 yP

BASEU N CHR WawnS

INLE 03s
CI uP
MULIT (8 LINFS

Cl-ub

INIL D43S

INIT Jds

ci uP

INODISTENCT EYF

INII 335

EYE EXRANDING 3/4 DEG CIRCULAR

INII 93s

INTi D4s
EDGE JF NATA
RAGGED EYE

EXTREME FUGE OF DATA

EYE ALMOST GONF
INIT 03§

J9S SECONNAKY 1leéN 134,58

StTE

PGTH
e5ld
aGTW
PGTW
PGTW
PGiw
PGiW
PGTW
PGTw
RPMK
3L
PGTw
RPMK
PGTW
PGIW
PGTW
RPMK
PGTW
RPMK
PGTW
RPUX
PGTN
PGTW
RPMK-
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FIX
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Fix
NOe

WN =€ CE~CU FWn ~

b bt bt o e
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Tims
[§2]

242200
250135
250315
251551
251850
252119
260200
260356
271100
271510
280306
280415
281855
282120
29935)
290635
290848

TI~E
(¥4}

261900
26233¢
27455
270130
270210
27023¢
270310
270330
270430
270510
270535
270630
270710
270730
270810
270830
270910
271010
271030
271100
2ri2io
271235
271310
271410
271500
271800
272100
272300
280300

FIX
POSTTTION

1241w
12.2n8
12.2N
12.8N
12438
iz.0m
12.2N
12,38
14,28
14.5n
15428
15.38
16,38
15,4N
1646N
1548N
17.08

Fex

131.3E
130.5E
120.3€
12R,1E
127.7€
127.3€
12646€
12h42E
12044E
119.5E
11T7.7E
117.4€
115.7E
115.1€
11446E
114.3E
114,08

POSITION

13.4n
13060
1354
13a6n
13,6
1346n
135%6m
13e6n
13e4n
}306"

l4atN
440N
14e0v
4o
léeom
13494
14.0v
13e9n
lésn
1443y
14,3n
14.3N
1443u
1500
14.8u
15,0n
1S.0M
15,3

123.4E
122.5€
122.%E
122.4E
122,2E
122.1E
122.0E
121.9€
121.7E
121.8E
1 E

121.3E
121.1€
121.0€
121.1€
121.1E
121.1€
120.8E
120.7€
119.8€
120.3€
120.4€

120.3E€-

.1E
139:5¢
119.7E
118,8€
118,3E
117.4€

FLT
LvL

TooMB
TooMB
ToomMs
TooMmy
T00MB
Toome
Tpoms
Tnomh
Tooms
TooMs
Tooms

RADAR
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LAND
LAND
LAND
LAND
LAND
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LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LANOD
LAND
LAND
LAND
LAND
LAND
LAND

¥ly
HGT

3104
3105
3097
3070
3045
3044
04
3013
2965
2964

2935
2823

2813
2812
2173

=2

2764

aCCRY

POUR
POOR
POUR
POUR
PAUR
POOR
POUR
PoOR
PouR

Fal#
FalR
FaiR
FalR
Falk
FalR

POUR
PQOR
POOR
POOR

aTCRAFT FIXES

n8S Max=SFC-vyD
MSLP  VILZARG/RAG

1005 25
25
1002 10

35
. 30
992 5

59
983 30

968 65
70

EYE
SHAPE

CTRCULAR
CIRCULAR
CIRCULAR
CIRCULAR
CTRCULAR
C1RCULAR

CIRCULAR
CIRCULAR
CIRCULAR
CIRCULAR

340
340
130

290
120
100

0
120

090
350

EY
DI

RAJAR FXeS

F
[L]

33
24
29
23
?9
0

12
a6
8
36

50
50
35

30
30
80

0

30
50

MaX~F| T=LYL=~¥ND ACCRY EYE EYE OR
DIR/VEL/BRG/ING NAV/MET SHaPE OFaM/TA
a50¢ 30 340 60 5 10
040 37 340 60
210 20 130 )% 3 s
130 50 060 180 5 In
330 33 230 60
670 38 290 320 5 1P
210 40 130 60
180 45 090 &40 2 3
oas 72 310 6o
300 62 190 10 & 5
190 57 120 60 32
130 74 020 45 iv 5 ELLIBTICAL 59 0 3
140 62 160 Sn T 5 ELLIPTICAL 50 20 3
170 74 090 30 3 & CIRCyLAR 359
080 B2 350 60 5 &
386 87 09U 3a 15 3 ELLIPTICAL S; &0 2
RADUB~COVE
aSwak TODFF COMMENTS
PROBABLE EYE NOT #ELL DEFINED
PSEL CFNIER
2e8/7 83212
PSBL CFMTER
PS8t CENVER
PSBL CEMEER
PSBL CFNIER
PSBL CFNTER
PSBL CFNIER
PSBL CERTER
PSBL CENTER
PSBL CENFER
EYE NEG wAlL CLO
Evk NEG WALL CLO
EYE APRNT WALL CLU FRMG E QUAD
EYE NEG wALL LLD
EYE NEG WALL CLOD
Eve NEG waLL CLO
EYE NEG WALL CLO
10207 17747
EYE APPEARS TU 8¢ REQRGANIZING
Evt APPEARS TU 8 REQRGANLZING
Evek BCMG INDISTINCT DUE TU MTNS
PSHL EVE WEG Walp Cio
aSs2s 117174
arsry 1177/ 10 OEG SPRL OVERpAY
&r474 12727
45777 621i¢  1n DEG SPRL QVER{AY
ans// 52709 16 DEG SPRL OVERLAY

1EN- EvE TEW? (¢)
TION OuT/ IN/ DIP/SST
+12 +12 *+ R
«11 +1n
*1] 13 ¢+ 9
12 *+ 7
12 ¢ 7
+12 + R
+12 *11
+20 ¢13 +lp
*ih Q2
+43 +15 ¢l
42 +15 ¢+ o
1] +i% #15 +12
*14 215 ¢
+12 +15 + o
+*16 *+ 9
40 *12 217 ¢ 8
RADAR sITE
PostTioN wM0 NO,
14.4N 12340 98440
15.2N 12046E 98327
14 IN 123.0E  gBesap
15,2N 12046E 98327
15.2N 120.6E 98327
1542N 120.6E  9B327
15.2N 120.6E 981327
15.2N 12046E. 98327
15.2N8 120.6E 98327
15.2N 120.6E 98327
1S.¢N 12046E 98327
15.28 12046E 98327
15,28 120,6€ 98327
15.2M 12006E 98327
15.28 12046E 98327
15.2N 120.6E 98327
1542N 12046E 98327
15.2n8 12046E 98327
15.2N 120.6E 98327
1b.3N 12D46E  9B321
15,28 12046E 98327
15,8N 120,6E: 98327
15,28 120.6E 98327
i15.¢n 120e6E 98327
16,38 12046E 58321
16438 12046 98321
16,38 120,6E 98321
16,38 120.6E  g832)
16438 12046E 98321

MS .
NO,

NN NG R B B W N N



TYPHOON MAMIE

GATELLITF FIXES

FIX  Tlag F1x
NU.  (2) 2051 TTON aCCRY DVO24aK CODE SaY CI4UFNTS S1TE
1 282223 19.9N 154.0E PCN 5 T0.0/0e0 DMSP3s  INIT J35 PGTH
2 290924 19.7N 153.3E PCN & pusP3In  CI WP PGTHW
3 291105 20,0N 153,38 PCN S DwsP36  CI uP PGTH
& 292205 19.6N 153.2E PCN S5 T145/1.5 /D1+53/24HRc  QUSP36 PETH
5 300035 15,4N 152.9E PCN 5 oMSP35 PGTH
6 30uSi3 19,5N 153.2E PCN & pmMse3? PGTH
7 301048 19.,8N 152.9E PCN 5 OMSPIA PGTW
8 301316 2n,1w 1R3.0E PRcN 5 OMGR35 PGTY
3 302053 21.5N 153.3E “PCN 6 DMSP37 PGTW
10 302054 21.5N 153.3E PCN 6 DMSPa7  BASER 3N CENTER CDO RODN
11 302148 213N 153.6E  PCN 6 T2,5/2.5 /01.0/23HRS  DMSPIA PGTW
12 01001p 2),4N 1R2.3E  PCN 4 DuSP3%  BASEU 3N EXTRAP CU/TCU LINES PGTH
i3 010335 23,28 152,06 PCN > DmMsP3a7  CI uP PGTH
1% 011030 23,5M 151,9E  PCN S DMSP3K PGTN
15 011259 23,48 151.86 PN © puseas PGTW
16 012034 24,0M 150.3E PCN 4 T13.5/3,5 /DL.0/2Z6HRR  QusP3? PGTW
17 01c034 24,8N 150.4E PCN & Ti.0/1.0 OmsP37  INIi 345 RODN
18 012130 24,3N 150,7€ PCN & DMeP 36 PGTwW
19 020160 25,2N 149.8E  PCN S QuSPaS . PGTw
20 020315 2643N 150.1E PCN S omSP37 CI savg PGTW
21 020915 26,5N 150.4E  BCN & 7 RODN
22 021013 26.6N 150.2E PCN S OuSP A PoTw
23 021422 27JeN 150.5E PCN 5 . DmsP3s PGTH
24 022014 2R.IN 15n.4E PCN & T3.0/3.04/D2.0/24HRS  DNSP3IT RODN
€ 022015 282N 150,4f PCN & T3.0/345 /wl.5724HRS DMSPI7 PoTH
26 022113 2A,2N 150.6E PCN 4 DMSP 3 PGTH
27 030122 29.5N 151.,1€ PCN 4 DMSP35 PGTY
28 030856 142N 162.7E  PCN S DMSP3a7  Cl UOaN PGTY
23 030356 31.5N 152.6E PCN 6 DMSPIA PoTd
30 031604 32.6N 153.4E PCN 6 DMSP3S PGTH
31 031355 35,0N 155.9E  PCN 3 T2.0/3.0 /M1.0/28HRs  DMSP37 PGTW
32 031355 34,9N 155.9E PCN & T2.5/2.5 DMsP37 INIT Jus KGWC
33 032056 35,64 15A,8F  PCH 3 DHSPI6 P61
34 040105 36,AN 15R.2E  PCn 3 pusPas PGTY
35 040836 39,.aN 161.6€ PCN 4 "DMSP NO CONVERTION KGWC
36 041346 41.SN 164.3E PCN 6 DWSP3Is  CONVECTINDN NORTH OF STORM KGWC
37 081935 42,1N j68.58 PCN ¢ Duse3?  wELL DEFYNED SC BANDING KGHC
38 062305 42,2N 170.5E PCN ¢ OMSPI5  WELL JRFTNED SC BANDING KGWC
L13CRAFT FIXES
FEX TyME: Fix FLT YIN  DBS MAX-SFC-wND MaX<F_T=LVL=4ND ACCRY EYE EYE ORIEN= EvE TEM
NOe (7)) POSITINN LY HGT MSLP  VEL/RRG/ANE DIR/VEL/BRG/ANG NavsweT SHAPE plaMsTaTION OUT, IN/
1 3p0213 996 30 150 40 2«0 27 160 35 3 1 +23 +25 +25
2 390358 2056 996 35 150 &0 220 22 190 28 & 2 *10 12 ¢l
3 010156 3030 35 050 30 190 43 050 3n +15 + 7
¢ 010350 3003 990 35 260 30 330 30 260 3n 4 2 +13 ¢16 + o
5 011855 2967 986 280 38 160 25 5 2 +12 «18 +1>
6 02u357 2983 9RS 45 060 15 0nen 54 330 25 3 7 *14. 15 ¢l>
7 021928 2858 973 260 S50 160 25 4 3 CIRCyLAR 1o «13 415 +1s
8 030050 2797 65 130 45 2720 70 130 20 20 ¢lo
9 030317 2774 965 50 060 65 160 65 000 3a 3 3 +12 +18 +11
10 031243 2813 oR9 200 RB7-090 62 18 12
11 031605 2824 389 170 75 Q80 L2a *lS 13
12 0131503 33.6n 156.0E Tooms 2795 963 3hn S8 310 R . & ELLIPTICAL 40 30 1S0 *13 17 12

147
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FIx
NUW

FIx
NO.

LR LV

Tz
t7y

052203
061065
062327
071203
074435
072200
072310
d8104]1
041041
08115¢
uB13558
08216)
084252
090253
09u253
v3l0ee
091135
091541
09154]
092303
092303
lovole
louoey
1g91322
101523
1p22é3
102243
lg2353
102353
o223
11w223
110405
111124
1112e}
111505
111505
12223
114223
112223
120347
121105
125105
121523
122204
122326
122324
130329
130323
131045
131045
131207
131611
132326
14311
180311
140311
141207
141553
141553
141553
142307
151148
151314
151533
1515335
160014
1pVsl7
161128
161128
161256
161517
161517
162356
162353

Time:
2

072336

080230
081555

081300

082040

F1Y
POSTTTION

15,6n
17,78
lo,0m
14,58
1a,en
15,78
15.6N
14,8N
134N
15.1N
15.6N
14458
léonn
LS.IN
15 ,0m
15,5N
15.3n
15,08
15,78
14,98
16,8m
14 ,4n
la,3N
15,3n
14,58
14,98
12,78
144N
15,08
154N
15,08
15,28
15.4N
15, 4N
15.58
155N
1544N
15.4n
15.2N
15.2N
15.5N
15.5N
15,48
15.6N
1545N
15,>N
15,2N
15,28
15,5N
15438
15.7N
15.6N
17.1N
16,78
15,7N
16.2N
17.7N
17,98
17.9m
18,1N
1844N
18.8N
19.2N
19,0N
20,0N
2n.8N
214N
21,6N
2]146N
22.7N
215N
2246N
21.93N
216N

160 ,6E
1137,3E
136,2€
131.1E
130,0E
128,3¢
12%,2€
124, 8E
126.8E
12741
176.1€
124.8E
124,6E
123.5€
1764 3€
124.0€
1731€
177.0E
177 6E
121.0€
120 ,9€
170,08
1264 3€
118R.0E
119.0E
117.3€
117.5E
117.8E
117.3€
117.6E
118.2E
118.3E
117.9E
117.8E
117.1€
117.5€
116.6€
11A.1E
115,8E
115.7€
115.8€
116.3E
114.dE
115.6E
116.0E
116.5E
116.2E
116.8E
115.2€
11h44E
116 4E
115.7E
115.7E
114.9€
115,2€
11S.1E
115.3E
114.9€
114.8E
114.TE
113.6E
1119
111.9E
112.2E
111.7€
112.1E
117408
113.1E
114.2E
11246E
114.4E
114.2E
114.2E
111.3E

Frx
POSITTDN

15.2N
15,28
16,58
14,6N
147N

129.3€
12R.7E
12641E
12546E
125.3€

aCCRY

~cN
Py
PCN
peN
PCN
PCN
PCN
(]
PCN
PCA
PCN
PCN

FLY
LYL

1500F7
1500F1
TnoMB
Toomu
Toome

h:)
a
z
WUETU U WU Wwwd Ll Wi U W oUW WL P~ = bl bLUWLWLUWC UV U LOUT WU LUUTO O WU SO U Y

TROPICAL STORM NINA

GATEI [ 1TF FIXES

U¥D3IAK CUDE

TUe0/040

T1e5/7145 /0145/24HRS

T2+57/245 /D143/23HRS

T24n /240
T34D0/3.0-/0045/29HRE

T2eN 724047500/ 20HRT
T243¢245¢/N0,5/22HRe
73057345 /DDe5/22HRS
T3.0/340 /N045/23HRS

T4e)7640=/D045/24HRE

T3en/340 7S040/ 24HRS

T4407440
T340/340 /S040/29HRR

Tle5/245 /M1e5/20HRS
1345/440 /W0e5/24HRS
12057245
13e0/3.0

T2e40/240

sat

DMsPIA
PELCRTS
OMSP 4k
DusPak
OmMePIN
DM&P3IT
DMSP 36
Duge37
omsP37
OSSP 3IA
OmMeP 3N
OmMSe 37
DuSKH3IN
PLATE L
DusEIY
oM 3T
LT AT
PR
DMSR 3%
ousP7?
OMSP T
DMSP 3A
Nnaas

DMSP N
[PLT LY
oMSP3T7
OMSP3T
OMGH Ik
DusP I~
OMSE 19
OMGHIG
omMSPIS
IR
LT
OMSPIY
OmMEeRIS
OMSHIT
owmsP37
owse7
pusP3s
oMsP7
pMSe3?
DOMee Y
pusp3?
DMsPRIh
Duse3s
OMSR35
DMse IS
oMsPI7
Dwsey?
oMsP3?
LT ELY
pusP37
DMSPIS
LI LY
DMSPIS
DMSP37
DusP3s
DMSP 3%
DmsP 3%
DMse3?
DuSP7
DMSP3S
DusSP3S
DMSPa%
OMSPIh
OMSP N
omePi7
omse?
OusP36
oMSPIS
O™SPIS
DMSP A
DwEPIA

CJaMENTS

INLT 348

cr ¥

iINET J3S

Sk WUAY DO

POSSIILE 2ND 167N 1l4e3E

PARILALLY EXPOSED LLLC
dASeU UN EXPOSED LLCL
BAScU JIN EXPOSF) LLCU
PARILALLY EXPDSED LLCC

PARIIALLY EXPNSED LLCC

PUS> 2YD EXPOSFD 16¢2N 117e0€

INIT 298
LLec

Cl 00av
PARTIALLY EXPDSED LLCC

BASED ON CENTER OF FEATYRES
INI1 035 PARTTALLY EXPOSED LLCC

INIT 035
EXPUSED 1 LCC

NE vF CDn

INIT Jds

Cl V04N
2NV 21478 110.9E

A13CRAFT FIXES

MiN 288
HGT MSLP

HAX=SFC=¥ D
VEL/9RG/ANG

MAX=FLT=LVL=4ND
NIR/VEL/IRG/ING NAV/MET

ACCRY

e

EvE

SHaPE

293
992
2973 986
2974
2964 286

30
30

080 35 110 36 050
060 30 120 33 ooV
100 53 010
nen 53 30
240 39 120

148

rrw

"o N

>

SIVE

PGTW
PGy
PGIW
PuTw
PGTH
PGTY
POTH
P5TW
RPHX
PETH
RODN
oGTe
PG
RPHK
PGIN
PGTH
PeTo
APMK
RODN
RPUK
ROON
RIPMK
PGT
RP MK
PGTH
RPMK
00N
PGTR
RIPMK
Pi3TW
RPMK
RPMK
RPMK
RIPMK
PETN
RPMX
PGTW
RIPMK
RKSO
RPMK
RODN
RPMK
RP¥K
PBTW
PoIw
RPMK
RDDN
RPPMK
RPMK
PiTW
PGIW
RPMK
RPMK
RODN
PiTW
RKSO
RPMX
RPMX
ROON
RSO
RQOON
RPAMK
RPMK
RIOON
PETW
RPMX
RPMX
ROON
RIPMK
ROON
RPMK
PETH
RIOUN
APMK

EYE DRIEN=
DIAM/TATION

EYE TEWP: (¢) uSy
Ouly IN/ JP/SST NO,

*26 26 ¢27 2% 3
+26 «27 23 27 3
*hh el ely .

+13 13 .
i ¢l4 17 .



Fix
NU«

EENTU PFWR -

Q9u3es
IOTEY-3]
1nu9ss
lru2os
110333
131323
1y1328
120927
12i5u5
l4c20)
loy2ds

Tiqz
(¥4}

081845
090730
090900
091100
091230
09133y
Uy 1330
U91400
091403
091439
091500
091510
09133¢
091605
091630
091630
091710
u9173¢
091810
09}83g
[T38 1)
91330
092000
092010
09200
092100
092110
lygbus
151150
151510
151829
152120
15235¢
leu3dou

15.2n
13,98
145N
15.3N
15.6N
15,5N
19468
15,38
14,58
13,1N
18,.5N

Frx

173.4E
119. 7€
116, 7E
117.8E
117.5E
117.6E
117.3E
116.2E
115.7E
113.6E
112.8E

POSTTION

1600
15.2nm
15,2n

2049

125.0€
122.4E
129.8E
122,8€
, 122.%E

112,2E
112.5E

Toomd
Tnomt
TooMH
Tooud
T0OMH
TooMs
Toome
Tooms
TooMr
Tooms
TooMH

RADAR

LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND

2945
3012
1009
2933
2923
2991
2979

2956
2954
297

ACCRY

FalR

60U
Falr

FAlk
GooD
FaiR

Falr
PNOR
POUR
POOR
FalR
PNOR
POUR
POOR

POOR
POOR

984

994
984
981

989.

87

985
384
987

EYE
SHAPE

55
45

5
*0

45

CTRCULAR

CIRCULAR

CIRCULAR
CTRCULAR

CIRCULAR

CIRCULAR

CIRCULAR

CIRCULAR

C1RCULAR

as0
350
200
040
230

100

0%0

EY
oI

50

0An
2h0
240
150
200
0o
2?70
190
1940
1]a
1RO

45
»2
se
44
30
46
46
S7
61
55
50

RAJAR FIUES

F
am

1l

3%0
150
290
040
1o
200
140
110
oro
100
090

RanVB=CUVE
ASwax TDUFF

25777
1261/
11517
1199/
1034/

10387

10317
| TE) ¥4

1134/

2511
4S5/ 7%
65774
[ Y I 244
LYZ 244
&s/7/3

12477
S/£/7
Y24
52927
2274

LY {844

s2l00

2710

52715

53108
s3107
73106
83606
93605
90109

149

50 S 5
2% 4 10
a0 3 10
125 & &
55 6 9
B8R

90 5 2
-1 4 5
125 5 o
3s 7 2
40 7 5

COMMENTS

Fye QPFN S MOYG 2707
QNT b0 KTS

QNT 30 KTS

EvE ELLIPTICAL OPEN NE
Evt ELLIPTICAL OREN N 35 XIS
EYE CIRCULAR UPEN NW 42 KIS

PARADES

Qni 40 KTS

Evt PASSING QVER PULTLLU (S

QmT 49 KTS

€vE

QN1 40 KTS

EYE

QNE 32 KIS

Evt

NFG wALL CLD MOVED ONSHR

NEG waLL CLD CNTR OVR LAND

PSBL CNTH NEG WALL CLD OVR MTNS
PSBL CNTR NEG wALL CLD

PSEL CNTR NEG WALL CLD

CNTR LEAVING MTNS

PSuL. EYE WALLACE
NEG WaLL CLO NMVY ATTENUATINN
PSBL CNTH NEG WALL CLO ATTEN
PSHL EYE wALLACE
PSHL CNTR NEG wALL CLO

LOCATED 190721 FROM CLARK

“7

*43

1l

18
«lo
10

2«12

+13
t2
+13

+15

L33
+lo
+lo
+lo
*09
1

+00

122.7€

120.6E
120.6E
12046E
120.6F

120+6E
120.6E
120.6E
120.6E
120.6E
12046E
12046E
120.6E
120+6E
120.6€
12046E
120.6€
120.6E
12046€
12046€
12046E
120.6E
1204 3E
120+6E
120.6E
1203E
12046E
120.6E
11¢,2E
11%,2€
11¢2E
114.2E
114,2€
116.2€

WD WD~ NPV

568321
98321
98321}
98321
98321
98327
98321
98327
98327
98321
98327
98321
98327
98321
98327
98327
98327
98327
98327
98327
98327

98327
98327

98327
98327
45005
45005
45005
45005
45005
45005



FIA

KE ST U &N

Fix
NO.o

1o

IS 1
2

072319
081417
LEVATSY
0we252
090117
91022
021133
091335
092121
092234
Lto1ouz
loiooe
ieiil7
lgise3
102iv}
lo2lo2
102333
T1vzed
11022,
110223
11u943
11124}
11124}
111505
111505
112223
11222
lie22)
120205
120203
121105
121105
121447
121447
12c204
122204
122324
1732
130329
130329
131045
131045
131049
131207
131611
132148
132300
le0 311
l403)}
lel02s
141026
lajléer
141353
la1353
le1553
leclas
lacles
1224y
151008

Ti™Mz
2)

052254
lou238
lol230
101458
110321
110630
110839
111326
111530
120306
i2v710
130630
130553
132122
140040
14n252
151315
141639

FrY
AINSTTIOM

11.28
11,2N
la,5N
Ia,an
14,38
14,6
l4.6n
14,508
17.08
171N
1A, 78
13,4N
1a,4aN
190N
14,98
14,08
13438
204N
20,0N
13,98
209N
2143N
2n.5K8
21.0N
214N
FARL 1Y
21e8M
21 48N
22.0N
22,0N
22,38
22,0N
224NN
221N
22488
27,9N
23,18
23.0N
23.7N
234N
24 44N
24,7N
24428
244N
25,0
25 ,5m
25,98
26,5N
26, 64m
27.2N
27,38
27.7N
272N
29,08
27.,°N
24,3IN
2T 4N
29,nNN
31.56

137.8E
1R, 6E
1R, 5E
120,BE
13R,7E
138, 7E
1368.5E
13649
134.3E
133,2E
137 ,2E
137,18
147+ 1E
YA .1E
17R4E
130 ,4E
129.3E
12945E
120,5E
179,3€
178.2E
127.3E
12ha1E
12h43E
126.5E
17%.1E
124, 7E
174 .8E
127.9E
126, 1E
122 .6E
173,.1E
123, LE
1727.5E
122, 7€
127,9E
172 8E
127.9€
177.9E
127 .9E
123.3E
123,28
123.3E
123.2E
123.7E
173.5E
127.8E
123,9€
1723.9E
176.7E
17A,4E
12643
127.2E
127.9€
17h.7E
120 BE
129,5F
12a,1E
138,3E

Fix
POSTITTION

17.1N
1744N
17.7N
13,38
19,an
20,3N
20,78
27.9N
21,28
22418
22.aN
23,7N
24,0N
25,8N
26,0N
26h42N
27,6N
27.6N

134,0E
133,.5E
131.3E
13) .0
120, 2E
128,5E
128, 1E
126.9E
176.4E
123.9€
123.4E
122.7€
122.8E
123.4E
173,8E
124.0E
17h,6E
12A.6E

aCely

PCN
Pry
PCN
PeN
(4%
PCY
PoN
Pcy
PeN
PCN
PN
PeN
Pey
PeN
PCN
PeN
PCN
PcN
PcN
PCN
PeN
PcN
Pey
Pcy
PrN
PcN
Pcy
PN
PeN
PN
Pey
PCN
PCY
PCN
PCN
PCcN
PeN
PcN
ofN
PeN
PeN
PCN
PCN
PCN
PcN
PCN
PN
PeN
PCN
PcN
PcN
PeN
PeN
PrN
PCN
PCN
PeN
PeN
PCN

ST U PLUUUUT VI WILE-—olbhbuem e AN r = b W2 WP T LWL RWOUTTITTIVYOTOTTITUITOTY

FLT
Lve

Tnoms
Tooms
TooMs
T00MB
700Mb
Tnoms
7n0mM8
T00M
Tooms
TooMB
Toomn
Tnomd
Toome
Tooms
Tooms
Toome
Toomd
Toomy

TYPHOON ORA

SATEIN VT FIXES

UVIIAK CODE

TueD 0l

TLa0/71e0 /D)ey/23HRE

Tlan/1e0 7S040/24HRS

T3a0/3s0
T¢a37245
T240/2.0=-/D1,40/27THRS

T3.5/3.5=/N140/20HRS
T3e0/340 /D1a0/20HRS
v3.873.0

1340/340 /S0e0/24HRS

T4,0r440 /ND140/24HRS
Tee0/4e0=/D1ad/24HRS
19.5/4,5=/D1.0/25HRs

T4e078440 #Ple9/25HRS

734076440 /W140/23HRS

¥T3.0/640=/W)0~/26HNRS
13.0/3.0 /%1+0/29HRS

T2a0/245=/W])e8/05HRT
T2uN/3e 0=/ W14 0/25HRS

Sat

OMSH 24
DMSE 3%
Dy 7
DesY 3R
Dmgar 3%
Dwser 3t
DwS 4
DUSA 3~
PEICEYS
PIIETY
Dugwr3?
Puswy?
DS 3k
DMSP 3n
Dmser 3 ?
DmMSs 37
DMSH 3R
DwSH 3%
DmsK 35
Duge 3%
Dusra?
DusK 4
[PEISCETN
Dwsk3s
DusH 35
DMss 37
Dus3?
Dmewy ?
DMSH 3n
DRI L)
DMSP 47
Dmsw 37
DMSH 3%
DusSw3H
Dusp37
PEICEY]
DugH 3A
Dusk 1A
DMSEN
DMSH gn
Dusera?
DmgR 37
DM 3/
DMSKIA
OMSP3N
DMSp 37
DMSE3A
LA B
OMSHIn
OwusE 37
Ousw37
DusSK7
DuSH 3
QuSRIN
OMSPIn
oMeH 37
OMSH 37
DMSP3™
puer3?

CI49FNTS

IND)

)3s

SECUNDARY 11.0N 142.4E

CL uP 2acTIALLY EXPUSED LLCC

INI! J3S EXPOSFN LLCC

INLE

[ g
clL uP

J3s

INLE-038

BEGINVING OF RANDING TYRE.EYE

cl P

EXPOSED LLECC

PARILALLY EXPNSED LLLC

Cl ulwy

Pani

ATICRAFT FIXES

MIN MBS  MAX~SFCaw
AGT MSLP  VIL/qRG/R

3089 997 30 150
3073 398 50 150
3057

3033 396
59 110
30 310
367
2987 389
2945 M2
2323 arn

2163 362 75 tBo
2600 944 100 060
2b4p 549 1pe 180
298p  9RB

2967 9R6 40 160

3025 a9l 35 180
s 59%
038 998

ND  maAX=FLT=LvL=dNn
NG NIH/YELZBHG/ING

10 »on
10 #70
160
0an
45 1ia
30 0AD
Pan
nsn
19n
130
15 Pan
S 2n
1B 2An
20
10 250
75 P30
Fdalll
PRI+

38 guy
60 210
35 Qo0
40 29
45 210
36 310
33 190
42 310
55 uwu
65 0sU
7u A0
B0 12V
70 lov
62 30
54 lov
48 180
47 18U
45 200

150

20
30
60
60
45
120
75
an
2n
IS
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1n
2an
20
10
10
90
30
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NAV/MFT
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515
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3 7
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g
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Eve
SHAPE

CIRCLLAR
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CLRCILAR
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SI1TE
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PGTW
PGIW
PGTA
pGTw
P6T4
PGTd
oGla
PGTA
PGTW
PGTW
RP YK
PGTW
PGTH
PGiw
ROON
PGia
ROUN
RPMK
PGTH
PGTH
RPMK
RKSO
PGin
RPMK
RPMK
PGIW
RKSI
PGTW
ROON
ROON
RPN
RO0N
PGIN
PGTW
/XS0
/RPMK
pGld
RPNK
ROON
PGTW
RKSO
RPMK
PGTH
ROON
PuTW
PGTH
ROON
RKSO
RODN
PGTW
LAL]
RPMK
RODN
RKS0
PGIW
ROON
PGIW
PGTW

EYE ORIEN-

EYE TEM? ()
ontzs IN/ JoseST

+23
+ 9

“2
32

3}
52
e
1%
e
17
14

+11

+25
+13
+13
+11
+is
13
ls
+15
+14
+16
+16
+15
+15
+19
+18
+19
+14
+12

*22
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.7
11
+ln
el
el
+1>
14
+13
+12
+le
412
11
+19
+ 8
*13
+12
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QAYAR FIXES

Timg Fix EYF EYF RANDB=COUE RADaR (3812

(2) LOSITINN HabDaAR aceoHY SHAPE Olav ASwaR TDOFF COMMENTS POSETTOW wal NO,
112306 21.7n i24.8E LAND 38573 P78V 26,38 120,280 4798
120000 21.4N 124.5E LAND 21613 52916 26,38 124,2E 4798
J20l00 21,.9N 174,38 LAMD 10613 52919 26,38 120,250 47918
120100 22,0N 124.4E  LAND 21205 51717 26,8N 125,35 47977
Tau200 21,98 124,26 LAY 10423 8271 283N 12842E  4T3I8
120200 27.0N 174.2E LAND 25,75 52711, 26,88 125,38 47927
120300 22,08 123.9E  LAND 10413 72809 26,308 128280 478
124300 22,08 126.3E  LAND 28773 S2911 26,88 125,38 47977
12ueUD  22,1N 127.HE LAMD 10732 72911 24,38 124426 47318
120600 22,1N 123.9E LAND PORTS 530)4 24 8N 125, 3E 47377
120300 22,18 123.7E LAND 20823 73011 P4.IN 124428 47918
120300 22418 123.7E  LAND 35745 52710 P4.8N 125,3E 47927
120600 22.2N 123.5E  LAND a5sa2 12911 26,30 1 E 47918
120600 22,18 1723.4E LAWD AS//9 S2715 24BN 125,3E sTI?T
120700 22,2N 123,4E LAND 20522 72709 24,38 12442E 47318
120700 272,28 123.3E  LAND 367/4-533¢> 26.8N 123,30 47927
120700 22,38 123.3E LAND 6n00 25 Eve 26 .8N E  a?79P7
120800 22,28 123.1E  LAND A5/76 52711 24 8N 47927
12030y 272,38 1723.2E LAND 1nnRe 53329 26 ,0N 46599
15080y  22.2N 123.2E  LAND Tusle 72911 24,38 «7918
120900 22428 173.1E LAND 21833 72708 26,3N 47918
120200 22.2N 123.1E  LAND 10584 52497 24,0N 46699
120300 27,28 123.1E  LAND P1A38 72708 268N 47927
121100 22,28 122.BE  LAND 38776 52708 Pe,8N 123,38 47927
121100 22,1N 172.9E LAND 11323 52709 24,08 121.6E 46599
121100 22,2m 172,BE  LAND 31542 72500 24,38 126,260 478
121200 22.1N 122.7E  LAND 314/ 7200b 2,3N 124,28  47TN8
121300 22,IN 122.6E LAND 12474 52607 24,08 121.6E 46599
121300 22,1N 122.6E  LAND 3154/ 72708 24,38 124,260 47918
121800 22,0N 122.5E LAND 11374 52105 P4.ON 121.6E 46599
121400 22,0N 122.5E LAND 31511 72500 26.3N 128426 47918
121500 21.9n 172.5E  LAND 10314 50000 24,0N 121,681 46599
121500 21.9v 122.5E LAND 31541 50000 24,38 126,2E 47918
121500 22.1N 127.6E LAND 124264 520647 264,0M 121.6E 46609
121500 21,9N 122.5E LAND 31511 50000 26,38 124,260 4798
1217060 22,08 122,7E  LAND 12513 50708 20,UN 121.6E 46699
121700 22.0N 122.95E LAWD 3r4l/ 501086 24,38 12642 4TN8
120800 22,18 1272.7E  LAND 12478 50304 24,08 1214681 45555
121800 22,1~ 122,7E  LAND 10382 50311 24,38 120,280 (T8
121900 22,38 122.7E  LAND 20312 53615 28,38 120,2E1 4798
122000 27.,5N 177.BE LAND 12322 53609 28,08 121,6E 46509
122000 22.5N 122.8F LAND 21322 50310 24,38 126,2E 7318
122100 22478 122.6E  LAND 3%/76 43613 26.8M 123,36 ATI?7
122100 22.58 122.8E  LAND 21312 73612 24,38 124.2E0 47918
122200 22,88 127 ,6E  LAND 20476 53613 24 .88 125,36 47927
122200 27,8N 127.HE LAND 11312 73611 24,38 124.2E  4TM8
122300 23.0n 122.7E  LAND 20416 50112 26,88 123,3E 47927
122300 23.0N 127.8E LAND 12283 53513 24,08 121,66 46599
122300 23,0N 122.7E  LAND 21313 73511 28,38 120,2E0 4738
130000 -23,1% 122.7E  LAND 10313 73511 24,38 120,260 4T 8
130000 23.1N 122.7E  LAND 72416 53505 26,88 1255361 47377
130100 23,3N 127,76 LAND 10224 73509 24,38 128,2E1  4TM8
130100 23.3n 122.7E  LAND 11213 53509 20,08 121.6E 46889
130100 23.2N V27.8E  LAND 223726 53306 20,88 12303E 47927
130200 23.4n 122.7E  LAND 27375 50212 24,88 125038 47927
130200 23.3N 172.6E LAND 12213 53506 24,0N 121,61 456599
130200 273.4N )22.7E  LAND 10214 53508 26,3N 124426 47918
130300 23.58 }P2.T7E  LAND 1n122 73607 26,38 120,281 4798
130300 23.5N 122.6E LAND 11712 53510 26,00 121.6E0 46609
130300 23.4N 172.7E  LAND 22785 53404 26,.8N8 125,381 47927
130300 23.4N 172.8E LAND 6100 (33 €EYE M0V 0120 20,88 125,361 47327
130600 23,6n 122.7€  LAND 10212 50308 20,08 121,6E 46689
139600 23,78 122.7E Laye 11212 7368 73.3% j2se2El 47318
130600 23.6N 122.7E LAND 12285 50213 24.8N 125,361 47927
130500 23,9N 122.8E  LAND 12212 50211 26.0N 121681 46599
130500 23.8N 122.8E LAND 12335 50110 5 &7927
130500 23.8N 122.7E " LAND 12313 70109 T8
130500 24,0N 122.0E LAND 117213 53610 46599
130600 23,9N 122.7E  LAND 10212 70209 K798
130500 23,9N 122,9E LAND 12314 54011 47927
130700 24.0m 1272.9E LAND 12415 53605 47327
130700 24418 122.9E LAND 10213 70209 47918
130800 24.2N 123.0E LAND 12463 50309 46509
130800 24,1N 123.0E LAND 20354 50408 41927
130800 24,2N 123.0E LAND 10213 10309 41918
130900 2443N 123.1E LAND 17323 50309 45549
130900 24.3N 123.1E LAND 10212 70309 sTN8
130900 24,3N 123.1E LAND 10474 52012 «7377
130900 24.3N 173.1E LAND 6n00 n EYE MOV 0115 47927
-131000 24.5N 123.1E  LAND 11312 70309 4798
131000 24,5N 123.1E LAND 10316 §3612 47927
131000 24.5N 123.1E  LAND G000 " EYE MOV 3615 47927
131100 24.5N 123.1E LAND in314% 51008 « 7927
131100 26.7N 123.1E LAND 11311 70210 4798
131100 26.7N 123.1E LAND 6000 10 EYE MOV 3620 47927
131200 24.9N 123.1E LAND A%/// 50211 46509
131200 24.9N 173,1E  LAND &7771 73611 727
331200 24,98 i73.1E LAND A7/F1 73611 47?18
131200 24,8N 123.,1E LAND  GnOD 10 EYE MOV 3615 7307
131300 2S.nN 123.1E  LAND 6€r/771 73609 4798
131300 24,98 123.1E LAND 6r2/8 501006 7907
131680 25,1N 123,15 LAND 37724 53611 47327
131500 25,3N 123.1E LAND €//7/6 53614 «7927
131700 25,4N 123.0E LAND %77/ 53505 46599
140700 26,7N 124.9€ LAND  GnOD 55 EYE 47327
140800 26,8N 125:.3E LAnD  ¢20D EvE Mnv 8740 24,88 123,38 47327
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121082
121607
122324
13nla7
130900
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1321%6
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141143
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142128
1642243
151132
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TIME
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E
POSITINN

ToIN
542N
75N
54N
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He SN
AedN

S LN
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16,28
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1501 4KE
16600
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RaTELE TIY FEXLS

U¥IaK CONZ

TH.0/040

TUe0/Ne0 /S0.0/22HRS
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TROPICAL DEPRESSION 27
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DusSPIA

ELEEY

DOMSP A
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DMSPIS
DusP37
DUSPIR
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DMSP36  2ND 13.1N 131.7E
OMSP35  2ND 13.4M 130.7E
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DusP37
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ATICRAFT FIXES

MIv N8BS MAX~SFCewND MAX=FLT=LVL=-¥NN

HGT MSLP  VIL/3RG/RYG

1005 15 090
1003 15 120

40 200 17 090 40
35 170 24 020 72
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DIR/VEL/BRG/ING NAV/MET
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SHAPE

SITE

PG
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SNE ORIEN=-
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LA NTU FL N~
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CNT VS R -

Fix
NU.
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(7)

13124y
132003
132125
132348
14300y
145230
1431343
142107
15v325
1503950
156951
is12i2
isi2iz
151324
151924
152050
i6u0de
160805
1608v5
16v304
160333
161336
161336
162033
174036
17003
170915
171318

17533,
171318

172157
172191
181040
lgipep
181040
181300
1a1300
182133
1821a0
150000
190000
1g9102¢
191242
l9zlee2
200126
201005
201606
201806
202105
210108
230106
210106
210347
211348
211348
212048
220048
220743
221329
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1A0330
1616447
170355

171451
171557
1Bu245
180315

182321

TImE
(¥4

182042
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X

»OSITrOM

9.nN
3e3N
NelIN
Jo.an
11.3N
11.8N
13.an
134N
14,48
lo.en
la, 78
14458
la,8n
15.2N
13,08
15,3N
5.3
15,5N
1618
15,58
15,50
15.7N
15.46N
16,6N
15.8N
1s.9N
17,68
1R8.4N

10 aN
18,588

19,8
12,48
20,88

40,3N

F1

1#6.5E
1h609E
166sTE
153.3E
15642E
1439E
1072 .9E
167.1E
147 JUE
1h1.6E
167 .9E
1614 7E
161 #6E
161.1E
141.5€
161.2E
161.0E
VAN 3E
1589, 7E
18q,5%€
159.88
159.6E
T89.4E
15R.6E
15R«5E
15R«5E
157.0E
157+2E
157.9€
155.9E
1RAOE
155.3E

171.3E

X

POSITION

15.9N
15.3m
17,3N
18,78
13,8N
2n.0N
29,38

22,0N

FIXx

1A0.6E
159.5€
158, 1E
156.8E
156.7E
155, 3€E
155.3E
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POSITION

21 49N
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PCN

FLT MIN  0BS MAX-SFCeWVD wMaX=FLF~LVL=WND ACCRY EvE
LYL 6T MSLP  VIL/RRG/RNG DTR/VEL/BRG/ING NAV/MET SHAPE
Tooms 3015 992 55 030 20 130 60 030 15 10 5 CIRCyLAR
ToomMs 2964 IR6 0an 52 360 2n 5 5 CLRCyLAR
Toomy 2907 gA0 48 220 30 320 55 220 18 & 2 CIRCuLAR

Toomn 282 968 30 80 270 1n 3 5  ELLIPTICAL
Thomy 370 85 260 )0
TooM8 2707 953 90 140 10 230 83 140 1o 4 2 CLRCyLAR
700M8 2799 50 060 10 1720 105 060
Tooms 274p 957 100 160 1S 270 90 1¢0 s 2 3 CIRCyLAR
©0AYAY FIXES
EYE EYF RANLB=-CUDE
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T14z
)

142315
laez13
15¢312
JEISETY
lellne
162033
16ed33
162315
170369
170315
175915
170315
171128
171138
171845
172015
180343
JET RS
184857
lgudsa
181113
11118
lgugou
13u000
199846
191242
191242
191348
lygerez
192122
L9c342
201005
201224
201224
202105
210108
2]1ulus
210947
211348
212050
21¢223
220048
220048
224923
22v332
221330
221330
221339
222211
222212
2303912
231054
231312
232011
232)54
240154
240154
240852
2404852
241036
2414635
2414835
242133
242133
242319
250136
250136
25101¢
251014
25101¢
251201
251201
251201
251418
251418
252113
252255
252301
260258
261300
260355
260953
260955
261000
261143
261542
261542
261542
2622386
262236

FrIx
BOSITTHN

lason 174,54
WaN 177,04
Qetty 17R.1N
FetN 170,2E
Qebn 179,5E
RN 1 TR.YE
HeBN 17942E
QN 1TRSE
D8N | 77.7E

InaIN 177.2€
VBN 17T44E
.TN L IRLTE
LnaaN 176.6E
Q4N 1TARE
Ene3n 176.2E
lo.nn 174.5€

10,7N 173.8€

10 0N 1 73.5€

Lo, 6N 172.9E

la,9N 173.3€

11.2N 1772 ,.8E
losan 171.9E

L1.7N 170.9€

L1.6n 169,5E
11a9n 16RL3IE
11,28 157,3E
11eIN 1AT.4E
Fla3IN 1RT.2E
It e6N 168.1E
blaenm 165,4E
121N 144.0E
1l.78 181.7€

118N 1A1,0E

11.68N 141.2€
11e4N 15R.BE

11,58 157.BE

L1 .8N 18R,.6E

11.18 188,.6E

109N 155.4E

11428 1R6.4E

111N 153,%E

11,68 143, 7E

11,48 153.2E

11458 15).5E

112N 16P.8E

11enN 16810

118N 151.0E

11.6N 151.0E

114308 169.0E

11.6n 148.9E

12,0N 145,2E
11.9N 1585, 8E

323N 185,26

11.3N 142.7E

I2.2N 142,0E

12,18 141.1E

12.2N 161 ,.4E

12.5N 138.7E
125N 13R.7E
12.5N 13R.UE
126N 134.7E
12.6N 137.0E

12.728 1400 1E

12,9m Y441E

12,7 133,3€

12.7N 137.6E

1278 132.4E

13,30 129.7€

13.2N 129.7E

13.0N 179.5E

13,28 12R.9E

13,38 129.0€

13410 129.0€

13,38 ¥PRGPE

13.,5N 12A,5E

13.98 126.1E
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APPENDIX

1. CONTRACTIONS

ACE&W

ACCRY

ACFT

AIREP

ANT
APT

ARWO

ATT

AVG

AWN

BRG

DIAM

DIR

DMSP

ELEV

FLT

GOES

HATRACK

Aircraft Control and Warning
System

Accuracy
Aircraft

Aircraft Weather Report(s)
(Commercial and Military)

Antenna
Automatic Picture Transmission

Aerial .Reconnaissance Weather
Officer

Attenuation

Average

Automated Weather Network
Bearing

Central Dense Overcast

~ L Tk ool b
Lurrent iLuntens.iuvy

Confidence (number)
Degree (s)

Diameter

pirection

Defense Meteorological Satellite
Program

Elevation
Flight

Geostationary Operational
Environmental Satellite

Hurricane and Typhoon Tracking
(numerical forecast)

Height

Mean of XTRP and Climatology
Hurricane

Hour (s)

Wa=arr

Heav

International Civil Aviation
Qrganization

Infrared

Kilometer(s)

)
>

KT
LLCC

LVL

M/SEC

%2
1
=
wn

to
n
0

[

3

g

PSBL
PTLY
QUAD
RADOB

RECON

Knot (s}

Low Level Circulation Center
Level

Meter (s)

Meters per Second
Maximum
Millibar(s)
Meteorological
Minimum

Modified Hatrack
Mission
Navigational

Naval Environmental Data Network

Nautical Mile(s)

National Oceanic and Atmospheric
Administration

Naval Telecommunications Center
Observation (s)

Position Code Number

Possible

Partly

Quadrant

Radar Observation
Reconnaissance

Range

Selective Reconnaissance Program

Stationary



sT Super Typhoon

TC Tropical Cyclone

TCARC Tropical Cyclone Aircraft Recon-
naissance Coordinator

TCM Tropical Cyclone Model

TD Tropical Depression

TIROS Television Infrared Observation
Satellite

TS Tropical Storm

TY Typhoon

TUTT Tropical Upper Tropospheric
Trough

VEL Velocity

vis Visual

VSBL Visible

WESTPAC Western Pacific

WMO World Meteorological Organization

WND Wind

WRS Weather Reconnaissance Sguadron

XTRP - Extrapolation

Z Zulu Time (Greenwich mean time)

2. DEFINITIONS

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

CENTER - The axis or pivot of a tropical

~lemes Towvnlly Aararmina ey wind

ove A
CTYCi0iic. Ustaliy Getermined oy windg,

perature or pressure dlstrlbutlon.

oy .
cem=

CYCLONE - A closed atmospheric circula-
t¥on rotating about an area of low pressure
(counterclockwise in the northern hemi-
sphere) .

EPHEMERIS - Position of a body (satel-
lite) in space as a function of time. When
no geographical reference is available for
gridding satellite imagery, then only
ephemeris gridding is possible which is
solely based on the theoretical satellite
position and is susceptible to errors from
satellite pitch, orbit eccentricity and the
non-spherical earth.

EXTRATROPICAL - A term used in warnings
and tropical summaries to indicate that a
cyclone has lost its "tropical” characteris-
thS. The term 1mp11es both poleward dis-
placement from the LLUyLua and the conversion
of the cyclone's primary energy sources from

release of latent heat of condensation to

The +erm carrieg no

»08 TeIlt Carrles

hmvarmlini~s myvAn~naccos

0aroCiinic proCeEssesS.

implications as to strength or size.

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

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

RECURVATURE
cyclone from an
of northwest to

- The turning of a tropical
initial path toward the west
the north then northeast.

SIGNIFICANT TROPICAL CYCLONE - A tropical
cyclone becomes "significant" with the issu-
ance of the first numbered warning by the
responsible warning agency.

Qo TYPHOOR /HURRICA

SUPER TYPHOON/HURRICANE - A typhoon/
hurricane in which the maximum sustained sur-
face wind (l-minute mean) is 130 kt or

oreatrar
greacex.

TROPICAL CYCLONE - A nonfrontal low pres-

sure system of synoptic scale developing over

tropical or subtropical waters and having a
definite organized circulation.

TROPICAL CYCLONE AIRCRAFT RECONNAISSANCE
COORDINATOR -~ A CINCPACAF representative
designated to levy tropical cyclone aircraft
weather reconnaissance requirements on recon-
naissance units within a designated area of
the PACOM and to function as coordinator be-
tween CINCPACAF, aircraft weather reconnais-~
sance units, and the appropriate typhoon/
hurricane warning center.

TROPICAL DEPRESSION - A tropical cyclone
in which the maximum sustained surface wind
{(l-minute mean) is 33 kt or less.

TROPICAL DISTURBANCE - A discrete system
of apparently organlzed convectlon--generally
100 to 300 miles in diameter--originating in
the tropics or subtropics, having a non-
frontal migratory character, and having main-
tained its identity for 24 hours or more.

It may or may not be associated with a
detectable perturbation of the wind field.

As such, it is the basic generic designation
which, in succe551ve stages of 1ntens1f1ca—
LLUH, may be classified as a troplcal aepres-
sion, tropical storm or typhoon (hurricane).

7o ¥ = - & P I
TROPICAL STCRM = A tropical cyclone with

maximum sustained surface winds (l-minute
mean) in the range of 34 to 63 kt, inclusive.

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

TYPHOON/HURRICANE - A tropical cyclone in
which the maximum sustained surface wind (1-
minute mean) is 64 kt or greater. West of
180 degrees longitude they are called ty-
phoons and east of 180 degrees they are cal-
led hurricanes., Foreign governments use
these or other terms for tropical cyclones
and may apply different intensity criteria.

WALL CLOUL - An organized band of cumuli-
form clouds immediately surrounding the cen-
tral area of a tropical cyclone, The wall
cloud may entirely enclose the eye or only
partially surround the center.
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