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FRONT COVER:

Ingraned photograph of a two-stonm situation with
a thind duning its eanly stages of devefopment, 19
September 1977. Typhoon Dinah (Lower Left) at 65 kt
(33 m/sec) is meanderning in the South China Sea.
Details of Dinah can be found on page 30. Tropical
Stonm Emma {upper night) with 45 kt (23 m/sec) winds
is undengoing necwwature southeast of Japan. A yet
unnumbened thopical distwibance (which will eventually
become Tropical Stonm Freda) is slowly developing in
the Philippine Sea {Lower night). [Dinect nreadout
NOAA-5 VHRR IR imagery as recelved by Det 1, 100
Nimitz Hitl, Guam.}
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FOREWORD

Tropical cyclones have always been a men-
ace to both military and civilian activities
in tropical and subtropical oceanic regiomns.
During recent times, much effort has been fun-
neled toward more accurate tropical cyclone
forecasts and toward more efficient operation-
al responses to those forecasts. A large por-
tion of this effort is based on studies which,
if meaningful, must be based on accurateély
documented data. The Annual Typhoon Report
represents such documentation. The body of
this report is a summary of the tropical cy-
clones that occurred during 1977 in the west-
ern North Pacific, central North Pacific and
North Indian Oceans.

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 Fleet Weather
Central, Guam. The senior Air Force officer
assigned is designated as Director, JTWC and
is responsible to the Commanding Officer,
Fleet Weather Central, Guam for the operation
of the JTWC. The senior Naval officer of the
JTWC is designated as the Deputy Director/Op-
erations Officer. JTWC was established by
CINCPACFLT message 2802087 April 1959 when
directed by CINCPAC message 230233Z April
1959, Its operation is guided by the CINCPAC
INST 3140.1 (series).

The Fleet Weather Central/Joint Typhoon
Warning Center, Guam has the responsibility
to:

1. Provide continuous meteorologi-
cal watch of all tropical activity north of
the equator, west of the Date Line, and east
of the African coast (JTWC area of responsi-
bility) for potential tropical cyclone devel-
opment;

2. Provide warnings for all tropi-
cal cyclones in the assigned area of responsi-
bility;

3. Determine tropical cyclone re-
connaissance requirements and assign priori-
ties;
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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 Ty-
phoon Report for issuance to interested agen-
cies; and

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

In the event of incapacitation of the
JTWC, the alternate (AJTWC) assumes the re-
sponsibility for the issuance of warnings.
In early November, 1977, Fleet Weather Cen-
tral, Pearl Harbor, Hawaii was designated as
the AJTWC. Assistance in determining tropi-
cal cyclone reconnaissance requirements and
in obtaining reconnaissance data is provided
by Detachment 4, 1st Weather Wing, Hickam AFB,
Hawaii. Previously, the AJTWC designate was
Detachment 17, 30WS, Yokota AB, Japan, with
assistance from the Naval Weather Service
Facility, Yokosuka, Japan.

The Central Pacific Hurricane Center,
(CPHC) Honolulu, Hawaii is manned by members
of the U. S. National Weather Service who
are responsible 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 with the
Fleet Weather Central, Pearl Harbor and De-
tachment 4, 1WW, Hickam AFB, Hawaii. Post
analysis information is forwarded to the
JTWC for inclusion in the Annual Typhoon
Report.

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 agen-
cies have started the education program by
showing the metric equivalents 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 is Air Force Weather
Service DMSP Data as acquired by OL-C, 27CS
personnel and analyzed by Det 1, 1WW person-
nel colocated with 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
following: (1) Significant Tropical Weather
Advisories issued daily describing all trop-
ical disturbances and their potential for
further development; (2) Tropical Cyclone
Formation Alerts issued whenever interpre-
tation of satellite and synoptic data indi-
cates likely formation of a significant trop-
ical cyclone; (3) Tropical Cyclone Warnings
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
Tropical Cyclone Conference deliberations.

2. DATA SOURCES
a. COMPUTER PRODUCTS:

FLEWEACEN Guam provides computerized
meteorological/oceanographic products for
JTWC. 1In 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.

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 mil-
itary aircraft (AIREPS). Computer plotted
charts of 0000Z and 1200Z conventional data
are produced daily for the surface, 850 mb,
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 0000Z and 1200Z synoptic
times. The surface/gradient, 500 mb and 200
mb level charts are hand plotted over impor-
tant tropical/subtropical regions during the
tropical cyclone season to complement computer
aids and insure all available data are used.

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, max-
imum intensity, minimum sea-level pressure,
and radius of significant winds exhibited by
tropical cyclones. These data are plotted on
large-scale sectional charts for each mission
flown. A comprehensive discussion of aircraft
weather reconnaissance is presented in Chapter
II.

d. SATELLITE RECONNAISSANCE:

Meteorological satellite data from
the Defense Meteorological Satellite Program
(DMSP) and the National Oceanic and Atmo-
spheric Administration played a major role in
the early detection and tracking of tropical
cyclones in 1977. A discussion of this role,
as well as applications of satellite data to
tropical cyclone analysis and forecasting, is
presented in Chapter II.

€. RADAR RECONNAISSANCE:

During 1977, as in recent years,
land radar coverage was utilized extensively
when available. Once a storm moved within the
range of a land radar site, reports were
usually received hourly. Use of radar during
1977 is discussed in Chapter II.

3. ANALYSIS

A composite surface/gradient level (3000
ft) manual analysis is accomplished on the
0000Z and 1200Z conventional data. Analysis
of the wind field using streamlines is
stressed for tropical and subtropical regions.
Analysis of the pressure field is stressed for
higher latitudes and vicinity of intense trop-
ical systems.

Manual analysis of the 500 mb level is
accomplished on the 0000Z and 1200Z data 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 extracted
from satellite data by Det 1, 1WW and AIREPS
(plus or minus 6 hours)} at or above 29,000
feet is accomplished on 0000Z and 1200Z data
daily. Wind and height data are used to
arrive at a representative analysis of trop-
ical cyclone outflow patterns, of steering
currents, and of areas that may indicate trop-
ical cyclone intensity change.

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

4. FORECAST AIDS
a. CLIMATOLOGY:

Climatological publications utilized
during the 1977 typhoon season include pre-
vious JTWC Annual Typhoon Reports and climatic
publications from Fleet Weather Central, Guam,
Director Naval Oceanography and Meteorology,
Naval Weather Research Facility, Naval Envi-
ronmental 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 univer-
sities and foreign countries.

b. OBJECTIVE TECHNIQUES:

The following objective techniques
were employed in tropical cyclone forecasting
during 1977. A description and an evaluation
of these techniques is presented in Chapter V:

(1} TYEN7S

(2) MOHATT 700/500

(39 FCSTINT

(4 12-HR EXTRAPOLATION
(5) HPAC

(6) TROPICAL CYCLONE MODEL
(7) INJAH74

5. FORECASTING PROCEDURES
a. INITIALIZATION:

In the preparation of each warning,
the actual surface location (fix) of the trop-
ical cyclone eye/center just prior to (within
three hours of) warning time is of prime im-
portance. JTWC uses the Selective Reconnais-
sance Program {SRP) to levy an optimum mix of
aircraft, satellite and radar resources to
obtain fix information. When tropical cy-
clones are either poorly defined or the actual
surface location can not be determined but an
upper level position is available, or when
conflicting fix information is received, the
"best estimate'" of the surface location is
subjectively determined from the analysis of
all available data. If fix data is not avail-
able due to reconnaissance platform malfunc-
tions or communication problems, synoptic
data or extrapolation from previous fixes 1is
used. 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.

b. TRACK FORECASTING:

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

(1) The prospects for recurvature
are evaluated for all westward and northward
moving storms. This evaluation is based pri-
marily 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 vertical
extent of the system. For mature storms lo-
cated south of the 500 mb subtropical ridge,
forecast changes in speed of movement are
closely correlated with forecast changes in
the intensity of the ridge. When steering
currents are very weak, the tendency for
storms to move northward due to their internal
forces is an important consideration.

(3) 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 tech-
niques and climatology.

(4) A final check is made against
climatology to ascertain the likelihood of
the forecast track. If the forecast deviates
greatly from climatology, the forecast ration-
ale is reappraised and the track adjusted as
necessary.

c. INTENSITY FORECASTING:

In forecasting intensity, heavy re-
liance is placed on aircraft reconnaissance
reports, the Dvorak satellite interpretation
model, and the objective techniques. Addi-
tional considerations are the position and
intensity of the tropical upper-tropospheric
trough, extent and intensity of upper-level
outflow, sea surface temperature, terrain
influences, speed of movement, and proximity
to an extratropical environment.

6. WARNINGS

Tropical cyclone warnings are numbered
sequentially. If warnings are discontinued
and the storm reintensifies, warnings are
numbered consecutively from the last warning
issued. Amended or corrected warnings are
given the same number as the warnings they
modify plus a sequential alphabetical desig-
nator. Each warning includes the initial
warning time eye/center position, intensity,
and the radial extent of 30, 50 and 100 kt
surface winds (when applicable); the latest
fix position used; the 12 hr forecast direc-
tion and speed of movement; and, forecast
information. Warnings within the JTWC Pacific
Area are issued within two hours of 0000Z,
0600Z, 1200Z and 1800Z with the constraint
that two consecutive warnings may not be more
than seven hours apart. This variable warning
time allows for maximum use of all available
reconnaissance platforms and spreads the work-
load in multiple storm situations. The fore-
cast intervals for all tropical cyclones,
regardless of intensity, are 12-, 24-, 48-
and 72-hr.

Warnings in the JTWC Indian Ocean area
are issued within two hours of 0800Z and 20002
with the constraint that two consecutive warn-
ings may not be more than fourteen hours apart.
Warnings for this area are issued only after a
tropical cyclone has attained an intensity of
34 kt or greater. Forecast intervals are 24
and 48 hours.

Warning forecast positions are verified
against the corresponding post analysis "best
track” positions. A summary of the verifi-
cation results for 1977 is presented in
Chapter V.

7. PROGNOSTIC REASONING MESSAGE

In the Pacific Area, prognostic reasoning
messages are transmitted based on the 00002
and 12002 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 depres-
sions nor for the Indian Ocean area.

This season JTWC began including confi-
dence statements for the 24 hr forecasts. A
summary of the verification results is pre-
sented in Chapter V.



Prognostic reasoning information appli-
cable to all customers is provided in the
remarks section of warnings when significant
changes are made or when deemed appropriate
by the typhoon duty officer.

8. SIGNIFICANT TROPICAL WEATHER ADVISORY

This plain language message, summarizing
significant weather in the entire JTWC area of
responsibility, is issued by 0600Z daily. It
contains a detailed, non-technical description
of all significant tropical disturbances and

the JTWC evaluation of potential for signifi-
cant tropical cyclone development within the
24 hr forecast period.

9. TROPICAL CYCLONE FORMATION ALERT

Alerts are issued whenever interpretation
of satellite and other meteorological data
indicates significant tropical cyclone forma-
tion 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 & COMMUNICATIONS

1. GENERAL

The Joint Typhoon Warning Center depends
on reconnaissance to provide necessary, accu-
rate and timely meteorological information in
support of each warning. The JTWC relies
primarily on three sources of reconnaissance:
aircraft, satellite and radar. Optimum utili-
zation of all available reconnaissance assets
is obtained through use of the Selective
Reconnaissance Program (SRP) whereby various
factors are considered in selecting a specific
reconnaissance platform for each warning.
Factors include: the cyclone's location and
intensity, reconnaissance platform availabil-
ity, current operations, limitation of recon-
naissance assets, and the cyclone's threat to
life/property. A listing of reconnaissance
fixes used this season can be found in Chapter
VI. Timely receipt of reconnaissance data is
extremely important to the typhoon warning
service. Similarly, a warning is useless
unless it can be received by customers in a
timely fashion. Therefore, efficient commu-
nications into and out of JTWC is invaluable.

2. RECONNAISSANCE
a. AIRCRAFT:

Aircraft weather reconnaissance is
performed in the JTWC area of responsibility
by the 54th Weather Reconnaissance Squadron
(54 WRS). The squadron, presently equipped
with six WC-130 aircraft, is located at Ander-
sen Air Force Base, Guam. From July through
October, augmentation by the 53rd Weather
Reconnaissance Squadron at Keesler Air Force
Base, Mississippi brings the total number of
available aircraft to nine. The JTWC recon-
naissance requirements are provided daily
throughout the year to the Tropical Cyclone
Aircraft Reconnaissance Coordinator (TCARC).
These requirements include area(s) to be
investigated,tropical cyclone(s) to be fixed,
fix times, and forecast position of fix. In
accordance with CINCPACINST 3140.1M, "Usage
of reconnaissance assets in acquiring meteoro-
logical data from aircraft, satellites and
land-based radar shall be at the discretion
of FLEWEACEN/JTWC Guam based on the following
priorities:

(1) Alert flights and vortex or
center fixes as required for issuance of trop-
ical cyclone warnings in the Pacific area of
responsibility;

(2) Center or vortex fixes as
required for issuance of tropical cyclone
warnings in the Indian Ocean area of respon-
sibility;

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

As in previous years, aircraft reconnais-
sance provided direct measurements of height,
temperature, flight level winds, sea level
pressure, estimated surface winds (when ob-
servable) and numerous additional parameters.

The meteorological data is gathered by the
Aerial Weather Reconnaissance QOfficers and
dropsonde operators of Detachment 4, Hq AWS
who crew with the 54th. These data provide
the Typhoon Duty Officer indications of
changing cyclone characteristics, radius of
cyclone associated winds and position and
intensity determinations. Another important
aspect of this data is its availability for
research in tropical cyclone analysis and
forecasting. Aircraft reconnaissance will
become even more important in years to come
when high-resolution tropical cyclone dynamic
steering programs will require 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 responsibility.
Interpretation of this satellite imagery pro-
vides cyclone positions, and for daytime
passes estimates of storm intensities are
also made through the Dvorak technique.

Detachment 1, 1lst Weather Wing on
Guam is the primary fix site for the western
North Pacific. 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 satel-
lite data for the Indian Ocean. NOAA satel-
lite fixes were also received from Fleet
Weather Facility (FLEWEAFAC), Suitland, Mary-
land for the western Pacific and Indian Ocean
areas. GOES fixes were also provided by the
National Environmental Satellite Service,
Honolulu, Hawaii for the storms near the
dateline.

c. RADAR

Land radar alsc provides very use-
ful positioning data on well developed cy-
clones when in proximity (usually within 17§
nm of the radar site) of the Republic of the
Philippines, the Republic of China, Hong
Kong, Japan {including the Ryukyu Islands),
the Republic of Korea, and Guam.

3. AIRCRAFT RECONNAISSANCE EVALUATION
CRITERIA

The following criteria are used to evalu-
ate reconnaissance support to JTWC.

a. Six-hour fixes - To be counted as
made on time, a fix must satisfy the following
criteria:

(1) Fix must be made not earlier
than 1 hr before, nor later than 1/2 hr after
scheduled fix time.

(2) Aircraft in area requested by
scheduled £fix time, but unable to locate
center due to:

(a) Cyclone dissipation; or



(b) Rapid acceleration of the
cyclone away from the forecast .position.

(3) 1If penetration not possible
due to geographic or other flight restric-
tions, aircraft radar fixes are acceptable.

b. Levied 6-hr fixes made outside the
above limits are evaluated as follows:

(1) Early-fix is made within the
interval from 3 hr to 1 hr prior to scheduled
fix times. However, no credit will be given
for early fixes made within 3 hr of the
previous fix.

(2) Late-fix is made within the
interval from 1/2 hr to 3 hr after scheduled
fix time.

c. When 3 hr fixes are levied, they
must satisfy the same time criteria discussed
above in order to be classified as made on
time. Three-hour fixes made that do not meet
the above criteria are classified as follows:

(1) Early-fix is made within the
interval from 1 1/2 hr to 1 hr prioer to
schedule fix time.

{2) Late-fix is made within the
interval from 1/2 hr to 1 1/2 hr after sched-
ule fix time.

d. Fixes not meeting the above criteria
are scored as missed.

e. Fixes levied as '"resources permit-
ting" are not evaluated.

£f. Investigatives - to be counted as
made on time, investigatives must satisfy the
following criteria:

(1) The aircraft must be within
250 nm of the specified point by the sched-
uled time.

(2) The specified flight level and
track must be flown.

(3) Reconnaissance observations
are required every half-hour in accordance
with AWSM 105-1. Turn and mid-point winds
shall be reported on each full observation
within 250 nm of the levied point.

(4) Observations are required in
all quadrants unless a concentrated investi-
gation in one or more quadrants has been
specified.

(5) Aircraft must contact JTWC
before leaving area of concern.

g. Investigatives not meeting the time
criteria of paragraph f, will be classified
as follows:

(1) Late-aircraft is within 250 nm
of the specified point after the scheduled
time, but prior to the scheduled time plus 2
hr.

(2) Missed-aircraft fails to be
within 250 nm of the specified point by the
scheduled time plus 2 hr.

4, AIRCRAFT RECONNAISSANCE SUMMARY

During the 1977 tropical cyclone season,
189 six-hourly vortex fixes and 4 supplemen-
tary vortex fixes were levied (Table 2-1).
This was 114 less than during 1976. There
were fewer tropical cyclones (4) and 169
fewer warnings issued. Increased reliance on
satellite data as a fix platform and utiliza-
tion of aircraft for synoptic data accounted
for the lower percentage of aircraft fixes.
For example in 1976, 310 aircraft fixes were
levied for 661 warnings (46.9%) while in 1977
only 203 fixes were levied for 494 warnings
(41.1%). In addition to vortex fixes, 42
investigative missions were levied during
1977 compared with 34 in 1976. Various
factors accounted for the increase. In 1977
only 3 storms had no investigatives because
of distances involved while 11 storms had 2
or more and 7 investigatives were levied on
systems that did not develop. In 1976 7
storms had no investigatives with only 2
storms having 2 investigatives each.

Reconnaissance effectiveness is summa-

rized in Table 2-1. The missed fix rate of
1.5% is the best in recent years.

TABLE 2-1. AIRCRAFT RECONNAISSANCE EFFECTIVENESS

0
11
=3
203

LEVIED VS. MISSED FIXES

LEVIED MISSED PERCENT

AVERAGE 1965-1970 507 10
1971 802 61
1972 624 126
1973 227 13
1974 358 30
1975 217 7
1976 317 11
1977 203 3

MWW WnMOo NN
MU NRO

5. SATELLITE RECONNAISSANCE SUMMARY

The Air Force provides satellite recon-
naissance support to JTWC using meteorological
data from polar orbiting meteorological satel-
lites of the Defense Meteorological Satellite
Program (DMSP).

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 1§77,
the Guam site was modified to acquire very
high resolution data from the National Oceanic
and Atmospheric Administration (NOAA) satel-
lites. The Hawaii site was modified soon
after.

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

Prior to October 1977, both the techni-
cians who maintain and operate the DMSP ground
station equipment and the analysts who inter-
pret the data were members of Air Weather
Service (AWS). 1In October 1977, the techni-
cians became members of the Air Force Commu-
nications Service (AFCS) as part of an overall
AWS/AFCS maintenance consolidation.

Satellite positions are assigned Position
Code Numbers (PCN's) depending on the avail-
ability of geography for precise gridding and
the state of the tropical cyclone's circula-
tion. These are shown in Table 2-2. Esti-
mates of tropical cyclone intensity are
obtained from visual data using the Dvorak
technique (NOAA Technical Memorandum NESS 45
and later refinements).

TABLE 2-2. POSITION CODE NUMBERS

PCN METHOD OF CENTER DETERMINATION/GRIDDING

EYE/GEOGRAPHY

EYE/EPHEMERIS

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

CC=Circulation Center

Increased satellite availability provided
the opportunity to more effectively use satel-
lite reconnaissance through the Selective
Reconnaissance Program (SRP). For the first
time more than half of JTWC's warnings in
WESTPAC (51%) were based on satellite posi-
tions of tropical cyclones. In the Indian
Ocean, where aircraft and radar were not
available, 95.5% of JTWC's warnings were based
on satellite fixes.

Use of a dual-site tasking concept which
requires at least two DMSP sites to make each
JTWC levied tropical cyclone fix has in the
past resulted in a 99% reliability in meeting
JTWC's satellite fix requirements. However
in 1977, this reliability dropped to 94.9% due
to an unreliable early afternoon and early
morning DMSP satellite.

The loss of data from this satellite was
random. Therefore, aircraft reconnaissance
was levied to support the 0600Z and 1800Z
warnings when appropriate. Radar and NOAA §
satellite data was also used as primary or
backup reconnaissance at these times limiting

.land or ship.

phe need to revert to extrapolation as a warn-
ing base.

A comparison of satellite derived posi-
tions and the JTWC Best Track positions is
shown in Table 2-3. The relative accuracies
of satellite positions can be obtained from
this table. However, the values are also a
function of the Best Track smoothing process.

Satellite derived fixes were also ob-
tained from: USN ships equipped for DMSP
direct readout; the National Environmental
Satellite Service using NOAA and GOES dataj
Fleet Weather Facility (FLEWEAFAC), Suitland,
Maryland using stored NOAA data; and, from the
Naval Weather Service Environmental Detachment
at Diego Garcia using NOAA APT data. This
information was invaluable to the warning
service. Since these were secondary sources,
they were not put through the end of the year
evaluation.

TABLE 2-3. Mean Deviations (nm) of DHSP Derived Tropical Cyclone
Positions from JIWC Best Track Positions, 1974-1977 (all sites).
Sumber of cases shown in parentheses.

1974
(ALL SITES)

1976 1977
(ALL SITES) {ALL SITES)

1975
(ALL SITES)

13.6 (224)
17.4 ( 37)
20.1 (422)
23.9 { 70)
35.4 (342)
49.4 (108)

11.8 (214)
20.4 { 35)
21.2 (271)
22.4 { 50)
34.2 (323)
4.7 (D

124 (131)
20.1 (124)
21.7 {161)
29.3 (152)
§0.4 (247)
49.0 (153)

15.7 (134)
19.1 ¢ 47)
22.4 (141}
30.0 ( 25)
37.7 (357)
60.9 (247)

15.2 (261}
20.6 (492)
38.8 (450)

13.0 (249)
21.4 {321}
36.1 (394)

16.1 (255)
25.4 (31))
43.7 (400)

16.6 (181)
25.0 (216)
39.0 (604)

6. RADAR RECONNAISSANCE SUMMARY

The 1977 Typhoon season produced a total
of 385 radar center fixes accounting for
16.3% of all tropical cyclone fixes in the
western Pacific. One radar fix was taken by
a- WC-130 aircraft of the 54th Weather Recon-
naissance Squadron during Tropical Storm
Ruth. All other radar fixes were taken by
The number of storms that were
within radar acquisition range this year was
11 compared to 12 last year, but the total
number of radar fixes this year was only one
half of last year's number. This apparent
contradiction is explained by a smaller num-
ber of well organized storms especially of
the Super Typhoon classification, one versus
four last year.

The WMO radar code defines three cate-
gories of accuracy for the various national
meteorological agencies' radar reports. These
categories are: 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
287 radar fixes were coded in this manner of
which 62% were good, 27% fair and 11% poor.
Compared to the JTWC best track, the mean vec-
tor deviation for land radar sites was 18.3
nm (34 km) compared to 11.6 nm (21 km) last
year and for the one aircraft fix the devi-
ation was 32.4 nm (60 km) compared to 16.0 nm
(30 km) last year. This decrease in accuracy
is attributable to the smaller number of well
organized storms.

0f the total 385 radar fixes this year,



the national meteorological agencies of
various countries accounted for 75%; U. S.
Air Force, Air Weather Service, Sites 19%;
and 5% from aircraft control and warning
(ACEW) sites. This year the land radar sites
in Taiwan provided a much greater percentage
of radar fixes (31%) as compared to previous
years due to five storms (Ruth, Thelma, Vera,
Amy and Dinah) passing through their area of
acquisition. The extensive radar network of
the Japan-Ryuku area provided 37% of the
total with 13% from Guam and 3% from the
Royal Observatory in Hong Kong. The Republic
of the Philippines also noticeably increased
their coverage, up to 12%, as five storms
(Thelma, Sarah, Freda, Kim and Mary) moved
through their area. As in previous years,
there were no radar fixes taken within the
Indian Ocean area.

Of the eleven storms making up this
year's number of radar fixes, three typhoons
{(Babe, Kim and Vera) accounted for 58% of the
total. Typhoons Babe and Vera were tracked
by the Japanese Meteorological Agency and
Taiwan radar sites to account for 40% of the
total. All three of these storms were fixed

simultaneously by three radar sites on more
than one occasion during their tracks.

7. COMMUNICATIONS

A new piece of communication equipment,
the Naval Environmental Display Station (NEDS)
was installed at FWC/JTWC in 1977, The NEDS
is an addition to the existing variety of
JTWC's communication systems which include the
Automatic Voice Switching Network (AUTOVON),
the Automatic Digital Network (AUTODIN), the
Naval Environmental Data Network (NEDN), and
the Air Force Automated Weather Network (AWN}.
The NEDS has been available, although not yet
fully operational, since mid-1977 and promises
to add significantly to the efficiency of data
receipt and warning preparation. It will
eventually replace the current FWC computer
which is now providing the graphical display
of much of the basic meteorological intelli-
gence received via the NEDN.

The AUTOVON serves as a vital communica-
tion 1link and is a back-up for primary commu-
nication systems. AUTODIN is used for dis-
semination of warnings and other related
bulletins which are concurrently transmitted
via the AWN. These messages are also relayed
for further transmission over US Navy Fleet
Broadcasts and to all ships and island sta-
tions via US Coast Guard CW (Continuous Wave
Morse Code) and voice communications. Inbound
message traffic for JTIWC is received via
AUTODIN addressed to FLEWEACEN GUAM.

TABLE 2-4.
FOR AIRCRAFT RECONNAISSANCE

1973

ZComplete fix messages
delayed over one hour

%Complete fix messages
received after warning
time

20

Actual message tape preparation and
entering of messages into the AUTODIN and AWN
circuits is performed by the Nimitz Hill Naval
Telecommunications Center (NTCC) of the Naval
Communications Area Master Station Western
Pacific.

The main data source for JTWC analyses
is a dedicated AWN circuit linking JTWC
directly to the Automated Digital Weather
Switch (ADWS) at Clark AB, RP. The ADWS
selects and routes the large volume of mete-
orological reports necessary to satisfy JTWC
requirements for the right data at the right
time. At times of primary circuit outage,
JTWC has other, though limited and less
efficient, teletype data sources. One of
these provides data to and from the U. S.
Trust Territory, Guam, and the Northern
Marianas.

High frequency single sideband (HF/SSB)
and phone patch through the USAF aeronautical
station at Andersen AFB (Andersen Airways) is
the normal means of communication between
weather reconnaissance aircraft and JTWC.
Depending on storm location or propagation
difficulties, the same direct voice contact
can be established via AUTOVON through other
USAF aeronautical stations, such as Clark,
Yokota or Hickam Airways. USAF weather sta-
tions, colocated with the aeronautical sta-
tions, are designated weather reconnaissance
monitors who are charged with acquiring,
checking and transmitting reconnaissance
reports into the AWN. As does JTWC, these
monitor stations receive the data via HF/SSB
and phone patch and often copy reports simul-
taneously with JTWC for efficiency and
accuracy.

Reconnaissance aircraft provide vortex
data in two stages. The preliminary data,
requiring minimum onboard computations, con-
tain enough information to permit JTWC fore-
casters to begin preparation of warnings.

The average delay between the time the prelim-
inary fix data messages were obtained and the
time they were copied at JTWC was 19 minutes
in 1977 as compared to 15 minutes in 1976,
and 21 minutes in 1975. Similar delay times
for the second stage, or complete eye/center
fix data were 53 minutes in 1977, 30 minutes
in 1976 and 49 minutes in 1975. The large
difference between the 1976 and 1977 averages
is in part due to cases when extremely poor
propagation conditions caused exceptionally
long delays. Further statistics relating to
the efficiency of air/ground aircraft recon-
naissance communications are given in Table
2-4.

1973-1977 AIR/GROUND DELAY STATISTICS




CHAPTER lll =~ RESEARCH & DEVELOPMENT SUMMARY

1. GENERAL

One of the tasks of the Joint Typhoon
Warning Center is to conduct applied tropical
cyclone research, as time and resources per-
mit. The objective of this research is to
improve operational forecasts. This research
primarily involves the development of fore-
casting and analysis techniques from pub-
lished studies and preparing reports requested
by outside agencies. Meteorologists from
agencies such as the Naval Environmental Pre-
diction Research Facility, the Naval Postgrad-
uate School, Det 4, HQ Air Weather Service,
Det 1, 1st Weather Wing and the 54th Weather
Reconnaissance Squadron often collaborateon
these projects. The following abstracts
summarize the year's research and development
projects completed or still in progress.

2. OPERATIONAL APPLICATION OF A TROPICAL
CYCLONE RECURVATURE/NON-RECURVATURE
STUDY BASED ON 200MB WIND FIELDS

(Guard, C. P., FLEWEACEN/JTWC TECH NOTE
77-1)

In his paper, Tropical Cyclone Motion
and Surrounding Parameter Relationships,
John E. George demonstrated the relationship
between various 200 mb wind fields and recur-
vature/non-recurvature. Evaluation of the
wind fields with data independent of George's
study indicated that significant modification
of his study was required to produce an oper-
ationally applicable recurvature/non-recur-
vature study. Synoptic analysis revealed two
distinct environments affecting tropical cy-
clones, a Winter Regime and a Summer Regime.
All tropical cyclones were stratified accord-
ingly. By integrating the results of the
evaluation with results from rigorous synoptic
and statistical analyses, operationally appli-
cable recurvature/non-recurvature techniques
were developed for, both, Winter Regime and
the Summer Regime tropical cyclones.

3. TROPICAL CYCLONE CENTER FIX DATA FOR

THE 1976 STORM SEASON
(Staff, FLEWEACEN/JTWC TECH NOTE 77-2)

This publication is a listing of all
center fix data for each tropical cyclone
occurring in the western North Pacific, Bay
of Bengal, and Arabian Sea during 1976.
(Note: The 1977 center fix data is included
in Chapter VI herein, and will not be pub-
lished as a separate report.)

4. EVALUATION OF THE DVORAK IR TECHNIQUE
FOR USE WITH DMSP DATA

{Corey, T. D., DET 1, 1ST WEATHER WING)

An evaluation was made of the Dvorak IR
technique (1975) using nighttime DMSP IR data.
The data included all tropical storms and
typhoons occurring during the period 1 June
through 31 December 1976. A comparison was
made between the Dvorak IR intensity estimate

and the corresponding best track intensity.
The results showed that the Dvorak IR tech-
nique is useful in describing intensity trends
but not in making independent intensity esti-
mates.

5. A CLIMATOLOGY OF TROPICAL CYCLONES
FOR THE PERIOD 1971-1976

{(Willms, G. R., FLEWEACEN/JTWC)

An analysis was made of all tropical cy-
clones occurring in the JTWC area of respon-
sibility during 1971-1976. The analysis
determined: the average speed of tropical
cyclones, by month, traversing each 59 lati-
tude/longitude square in the western North
Pacific; and the average annual number of
occurrences of tropical cyclones by 50 lati-
tude/longitude square in the western North
Pacific, Bay of Bengal and Arabian Sea. This
study updated previous work.

6. RELATIONSH!IPS BETWEEN THE TEMPORAL
VARIATION OF EQUIVALENT POTENTIAL
TEMPERATURE AND TROPICAL CYCLONE INTENSITY

(Hassebrock, A. W., FLEWEACEN/JTWC)

The use of equivalent potential temper-
ature as a predictor of tropical cyclone
intensity has been studied previously by
Sikora (ATR, 1975) and Milwer (ATR, 1976).
These studies examined the equivalent poten-
tial temperature (magnitude) in relation to
tropical cyclone intensity and found incon-
clusive results. In this study, aircraft
center fix data for 1976-1977 tropical cy-
clones were analyzed to determine if temporal
variations, versus magnitude, of equivalent
potential temperature had any relationship
with tropical cyclone intensification. Two
types of variations were found which show
potential as intensity forecasting aids.
These two techniques will be evaluated during
the 1978 storm season.

7. THE TRANSITIONING OF TROPICAL CYCLONES
TO EXTRATROPICAL CYCLONES

(Guard, C. P., FLEWEACEN/JTWC and Brand,
Samson, NEPRF)

An examination was made of the post-
recurvature transition of tropical cyclones
to extratropical cyclones. Particular empha-
sis is placed on the short-lived intensifi-
cation that tropical cyclones sometimes under-
go after recurvature, as cold air is initially
advected into the region of the wall cloud.

8. FUTURE AIRCRAFT RECONNAISSANCE
STORM TRACKS

(Staff, FLEWEACEN/JTWC, DET 4, HQ AWS
AND 54 WRS)

An examination was made of storm tracks
needed to satisfy future data requirements.
New tracks were developed to provide increased
peripheral data for the 1978 season. Addi-
tional tracks were discussed which may be



required to provide the necessary input data
for the FNWC Tropical Cyclone Model.

9. TROPICAL CHART SERIES FOR SEPTEMBER 1975

(Sokol, D., Willms, G. R. and Guard, C.
P., FLEWEACEN/JTWC)

A series of surface/gradient and 200 mb
charts were prepared for the Naval Postgrad-
uate School. These charts depicted a period
of high storm activity during September 1975
and are now an integral part of the labora-
tory instruction at the school.

10. TROPICAL WEATHER STUDY GUIDE
(Fukada, E. M., FLEWEACEN/JTWC)

A study guide on tropical weather was
prepared for the Navy Forecasters School.
The study guide, which was in a programmed
text format, discussés the climatology, syn-~
optics and dynamics of tropical weather.

Note: Anyone desiring additional information
on any of the above subjects should contact
the Director, JTWC.



CHAPTER IV

SUMMARY OF TROPICAL CYCLONES

1. WESTERN NORTH PACIFIC TROPICAL CYCLONES

During 1977, the western North Pacific
experienced the smallest number of typhoons
since JTWC's formation in 1959. Of the 21
numbered tropical cyclones occurring during
1977 (Table 4-1), only eleven developed to
mature typhoons, eight peaked out as tropical
storms, and two did not develop beyond de-
pression stages. Tables 4-2 and 4-3 show
that both the number of tropical storms and
typhoons were well below the quantity nor-
mally observed. During the season, only Babe
reached the 130 kt (67 m/sec) intensity nec-
essary to be classified as a "super" typhoon.
The months, January through June, were com-
pletely void of typhoons and had only a total
of two tropical storms, Patsy in MarchAand
Ruth in June. This early season lull in

TABLE 4-1.
1977 TROPICAL CYCLONES

CYCLONE TYPE PRD OF WRNG

activity was similar to that observed during
1973 and 1975. Tropical cyclone occurrences
were near normal during July, but fell to a
record low for August when no typhoons and
only a single tropical storm was observed.
During late July the southwest monsoon of
India and Southeast Asia became very deep and
intense, extended anomalously into the west-
ern North Pacific, and persisted for weeks.
The monsoon trough was oriented in an east-
northeast to west-southwest direction from
Hainan Island to the Bonin Islands. Several
cyclonic eddies formed within the trough as
Monsoon Depressions, i.e., systems charac-
terized by broad surface circulation centers,
highly asymmetric wind fields, surface winds
less than 34 kt (18 m/sec), greatest inten-
sity at 5,000 to 10,000 ft (1470-2940 m), and
strong vertical shear.

PACTFIC AREA

CALENDAR

DAYS OF
WARNING

NO. OF WARNINGS  DISTANCE
TOTAL AS TY TRAVELLED

01 TS 23
02 TD 26
03 TS 14
04 05 JUL-06
05 16 JUL-21
06 JUL-26
07 JUL-01
08 JUL~-04
AUG-23
SEP-10
SEP-05
SEP-23
SEP-20
SEP-25
OCT-10
0OCT-20
OCT-27
*

MAR-31
MAY-27
JUN-17

OoCT

NOV-17
28 NOV-07 DEC
20 DEC-03 JAN

NOV

ANV VWA O WY DUMUNO RN S NWY

iz
10
15

25 1199
6 318
14 874
6 396
21 1548
21 1992
18 814
17 936
16 936
36 2436
9 614
38 1998
21 1680
9 859
30 2332
19 1544
24 1877
20 1015
44 1338
39 3922
59 4002

1977 TOTALS

124 %%

492

INDIAN OCEAN AREA

11 MAY-13 MAY

10 JUN-13 JUN

29 0CT-31 OCT
*

15 NOV-19 Nov

1977 TOTALS

*JEAN 28 OCT-31 OCT AND 02 NOV-03 NOV
21~-77 10 NOV-12 NOV AND 14 NOV-21 NOV

**QVERLAPPING DAYS INCLUDED ONLY ONCE IN SUM

10
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Upon relaxation of the deep, southwest
monsoon flow, Tropical Storm Wilda developed,
but did not exceed 45 kt (23 m/sec) intensity
in the environment of strong vertical shear.
As Wilda moved east of Japan, she caused the
monsoonal flow over the western Pacific to
move toward the north, rather than toward the
climatologically favored regions where trop-
ical cyclones normally develop. This north-
ward flow toward low pressure continued as
several extratropical systems developed near
the sea of Japan, south of the normal regions
for extratropical cvclogenesis in August.
About the middle of August, the deep, south-
west monsoon flow again intensified, and
again several Monsoon Depressions formed.
When the monsoon finally weakened, Tropical
Storm Amy developed, but barely to 40 kt (21
m/sec). Amy again drew the western Pacific
region of low pressure far north of its nor-
mal position, preventing establishment of a
significant near-equatorial trough (NET). 1In
fact, during much of August, pressures were
much above normal in the tropics and easterly
winds dominated the equatorial regions, help-
ing to prevent cyclogenesis. By early
September, pressures had fallen in the trop-
ics, flow was back to normal, and Super
Typhoon Babe developed in the NET, south of
Guam. The remainder of the 1977 season for
both tropical storms and typhoons was near
normal.

During 1977, 26 Tropical Cyclone Forma-
tion Alerts were issued. Of these, 20 or 77%

TABLE 44,
PACIFIC AREA
TROPICAL CYCLOVE FORMATIOR ALERT SUMMARY

HUMBER ALERT SYSTEMS TOTAL
oF WHICH BECAME NUMBERED
ALERT RUMBERED TROPICAL DEVELOPRENT
YEAR SYSTENS TROPICAL CYCLONES CYCLOKES RATE

1972 41 Fel 32 71z
1973 % 2 23 85%
1974 35 30 3 862
1975 34 5 5 7
1976 34 2 25 7t
1977 2 20 21 m

MONTHLY DISTRIBUTION
J F M A " J
FORMATION ALERTS 0 0 1 0 1 1 3 5 3 3 2 1

«
»
“
o
=
©

developed into significant tropical cyclones
(Table 4-4). No formation alert was issued
for Typhoon Jean. Instead, a warning was
issued in order to provide more information
to a U. S. Navy ship approaching the system.
The average lead time between issuance of a
Tropical Cyclone Formation Alert and the
first warning was 21 hours, with a minimum of
4 hours with Tropical Storm Wanda and a maxi-
mum of 48 hours with Typhoon Kim.

Only 12 multiple-storm days occurred in
1977 (Table 4-5). This is the lowest number
of multiple-storm days observed since JTWC
began keeping records in 1959. Like 1970 and
1975, there were no days in 1977 in which
three or more western North Pacific tropical
cyclones occurred simultaneously.

The 1977 tropical cyclone season was
characterized by an abundance of poorly de-
fined cyclones of relatively small radial
extent of which many exhibited numerous
erratic movements. The weaker cyclones were
often inhibited from development by an un-
usually large and intense subtropical ridge
and shear of the horizontal winds with height.
In contrast, periods of weak steering currents
resulted in five storms executing one or more
loops each. Overall losses of life and prop-
erty were thankfully small. Taiwan, however,
survived a three-month drought, then experi-
enced two of the worst typhoons in 80 years,
Vera and Thelma.

I TABLE 4-5. SUMMARY QF JTMC WARKINGS 1959-1977.
WESTERN NORTH CENTRAL
KORTH PACIFIC NDIAN QCEAN NORTH PACIFIC
AVERAGE

AVERAGE
1971-7§

TOTAL NUMBER
OF WARNINGS 452 679 44 26 0 s

CALENDAR DAYS OF WARNINES 124 142 21 16 o 10

NUMBER OF WARNING DAYS
NITK THO CYCLOKES 12 48 H 1 ] 1

NUNSER OF WARNING DAYS
RITH THREE OR MORE CYCLONES 4 9 o L L] [

TROPICAL DEPRESSIONS 2 5 - - 0 1

TROPICAL STORMS 8 11 - - 0 1

TYPHOONS/HURRICAKES 11 19 - - o 1

1.0. TROPICAL CYCLONES - - 5 4 - -

TOTAL TROPICAL CYCLONES

# 1971-1974 DOES NOT INCLUDE ARABIAN SEA

12
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The first typhoon of the 1977 season did
not occur until mid-July. Meteorological
satellite data on the morning of July 13th
showed an area of convection some 225 nm
(417 km) east of Koror (WMO 91408) in the
Palau Islands. This tropical disturbance
meandered on a 10 kt (19 km/hr), westward
track and crossed Koror at 1200Z on the 1l4th.
On the morning of the 15th, the system exhib-
ited increased organization and a Tropical
Cyclone Formation Alert was issued at 0000Z.
Simultaneously, the disturbance took a more
climatological, west-northwestward track and
showed evidence of possessing multiple circu-
lation centers.

During the 16th, satellite data hinted
that the western-most circulation center was
becoming the dominant one. Reconnaissance
aircraft refuted this however, and fixed the
primary center approximately 200 nm (370 km)
east of the satellite positions. At 09432
aircraft observed 38 kt (20 m/sec) winds at
700 mb and estimated surface winds at 25 kt
(13 m/sec). Satellite data an hour later
showed that convection in the area had, in
fact, consolidated around the aircraft-fixed
circulation center, and the first warning on
Tropical Depression (TD) number 05 was issued
at 12002Z.

By the evening of the 16th, TD 05 had
accelerated to 17 kt (31 km/hr), and satel-
lite data illustrated increased organization.
At 1800Z the depression was upgraded to Trop-
ical Storm Sarah, while located 30 nm (56 km)
east of the Philippine island of Samar.
During the subsequent 24 hours, Sarah, pos-
sessing 40 kt (21 m/sec) intensity, moved
toward Manila at 13 kt (24 km/hr) on a west-
northwest to northwest heading (Fig. 4-1).

At .2355Z on the 17th, Clark AB observed a
minimum sea level pressure of 997.3 mb; winds
were from the northwest at 12 kt (6 m/sec).
Within two hours winds at the Air Base had
become southerly. Synoptic reports were of
great value during this period. The moun-
tainous terrain prevented aircraft reconnais-
sance of the low level circulation center,
while frictional effects weakened and disor-
ganized Sarah making satellite positioning
very difficult.

From the evening of the 16th until the
morning of the 20th upper level patterns in
Sarah's environment were favorable for en-
hancement of her upper level outflow, which
would normally result in intensification.
The Tropical Upper Tropospheric Trough (TUTT)
was oriented east-west, north of her and was
enhancing outflow in the north semicircle;
strongly divergent winds south of the trop-
ical storm increased outflow to the south.
While over land, however, Sarah could not
intensify since the latent and sensible heat
required to maintain sufficient thermal and
related pressure gradients were not availl-
able. The tropical storm entered the South
China Sea on the afternoon of the 18th and
immediately began to intensify.

On the evening of the 19th, a mid-tropo-
spheric low over south central China deepened
and weakened the subtropical ridge north of
Sarah; she responded and turned to the north-
west; toward Hainan Island, still intensi-

SARAH

fying. Sarah was upgraded to a typhoon at
1800Z and six hours later reached its maximum
intensity of 75 kt (39 m/sec). At 21007 Hsi-
Sha-Tao (WMO 59981) reported sustained winds
(10 minute average) of 60 kt (31 m/sec) from
the west-southwest and a sea level pressure
of 977.5 mb.

Sarah went ashore on Hainan Island on
the evening of the 20th. At 1200Z Ch'iung-
Hai (19.3N-110.SE) reported 10 kt (5 m/sec)
winds from the west and a sea level pressure
of 978.5 mb. At this time Sarah's intensity
was estimated to be 70 kt (36 m/sec). Mean-
while, the mid-level low over China had
receded toward the north and the subtropical
ridge began to build westward, north of Sarah.
During the subsequent six hours, the typhoon
slowed to 8 kt (15 km/hr) and took a westward
course, passing north of the central mountain
range of Hainan. At 1800Z Tan-Hsien (19.5N-
109.6E) was near the center when it reported
15 kt (8 m/sec) winds from the east-northeast
and a sea level pressure of 969.5 mb.

Typhoon Sarah entered the Gulf of Tonkin
on the morning of the 21st with an estimated
65 kt (33 m/sec) intensity. The typhoon
accelerated to 15 kt (28 km/hr) and went
ashore near Haiphong. At 0600Z on the 21st,
Kien-an Phulien (20.8N-106.6E), a Haiphong
suburb, reported north-northwesterly winds of
30 kt (15 m/sec) and a sea level pressure of
986.9 mb. Six hours later these values had
changed to 30 kt {15 m/sec) from the south
and 988.5 mb with pressure rising rapidly.

The final warning on Sarah was issued at
1200Z on the 21st as she was dissipating over
the Red River Valley, northwest of Hanoi.
Very little damage occurred during Sarah's
existence. Only Hanoi Radio reported cases
of destruction with no casualties.

FIGURE 4-1. Sarah at 40 kt (21 m/sec) .intensity
cnossding nontheastern Samarn, RP, 17 July 1977, 00572
(NOAA-5 imageny)
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THELMA

Thelma, the second typhoon of the 1977
season, wrought more destruction on Taiwan
than any event since World War II. While
Typhoon Sarah was still crossing the South
China Sea, Thelma was detected by satellite
on the morning of July 20th as a tropical
disturbance in the central Philippine Sea.
The disturbance continued to organize during
the subsequent 24 hours, and the first warn-
ing was issued on TD 06 at 0000Z on the 21st.

Reconnaissance aircraft at 0918Z on the
21st found flight level winds of 55 kt (28
m/sec), a central pressure of 993 mb, and
surface winds estimated at 50 kt (26 m/sec).
Based on the aircraft data and corroborating
satellite data, TD 06 was upgraded to Trop-
ical Storm Thelma at 1200Z. During the fol-
lowing 30 hours, Thelma continued to inten-
sify at a rate of 5 kt (2.6 wm/sec) per 6
hours. At 2050Z on the 22nd, aircraft fixed
the tropical storm 255 nm (472 km) northeast
of Manila, and observed 60 kt (31 m/sec)
winds at its 700 mb flight level. The air-
craft further indicated that the central
pressure had fallen to 965 mb. As a result
of those observations, the system was up-
graded to Typhoon Thelma at 0000Z on the 23rd.

The trigger for Thelma's intensification
was nearly identical to that of Sarah's a
week earlier. Highly efficient outflow chan-
nels were provided Thelma by intense cyclonic
cells in the TUTT, to the north, and by
strongly divergent upper level northeaster-
lies over Indonesia and the South China Sea,
to the south. This situation lasted from the
21st to the 24th when the TUTT receded north-
ward, and Thelma ceased her intensification.

The typhoon continued to move northwest-
ward at 9 kt (17 km/hr) toward the southern
periphery of the mid-tropospheric subtropical
ridge. On the evening of the 23rd, the storm
entered the Bashi Channel, passing 10 nm (19
km) northeast of Escarpada Point on north-
eastern Luzon. At this time the Kakuho Maru
reported 80 kt (41 m/sec) winds and 20 ft
{6 m) seas just northwest of the center.

Since the time of Thelma's development,
the mid-tropospheric subtropical ridge had
been intense over the western Pacific and
extended well into China. By 12002 on the
23rd, geopoténtial heights at the 500 mb
level began to fall over northern China as a
low developed over eastern Monogolia and
deepened rapidly. On the morning of the 24th,
the subtropical ridge north of the tropical
system showed signs of weakening.

During the evening of the 24th, recon-
naissance aircraft positioned Thelma 145 nm
(269 'km) south-southwest of Kao-hsiung, which
indicated that the storm was beginning to
move northward. At this time the typhoon
attained its maximum intensity of 85 kt (44
m/sec) with a minimum pressure of 957 mb, and
slowed to 6 kt (11 km/hr). At 1800Z the
passenger liner, President McKinley, reported
45 kt (23 m/sec) winds and 20 ft (6 m) seas
while some 70 nm (130 km) northeast of the
eye.

On the morning of the 25th, radar data

showed that Thelma had turned toward the
north-northeast and had accelerated to 10 kt
(19 km/hr}. When satellite confirmed the
radar movement, the 241800Z warning was
amended to reflect the system's impending
threat to southern Taiwan. During early
afternoon of the 25th, Thelma crashed into
Kao-hsiung harbor (Fig. 4-2). The Chinese
Weather Central reported that Kao-hsiung (WMO
46744) observed 86 kt (44 m/sec) peak winds
accompanied by a 991.5 mb pressure minimum at
250939 local. Satellite, aircraft, radar,
and synoptic data all indicated that the
typhoon was small, but very intense. Most
damage was confined to the direct path of
Typhoon Thelma as the central mountain range
of Taiwan drastically weakened the peripheral
winds east of the typhoon's track.

After moving across southwestern-Taiwan,
Thelma began to weaken, and move on a track
slightly west of north. On the evening of
the 25th, Thelma entered the Taiwan Straits,
and on the following morning went ashore on
mainland China, 30 nm (56 km) north of Fu-
Chou with 50 kt (26 m/sec) winds.

During her rampage over Taiwan, Thelma
claimed more than 30 lives, injured thou-
sands, and rendered an estimated 5,000 home-
less. The typhoon ripped down 53 steel
towers supporting high-tension power lines.
The loss of power shut down more than one-
half of the island's 45,000 factories.
Taiwan's largest harbor at Kao-hsiung was
virtually destroyed. All eight giant cranes
used to load and unload cargo were badly
damaged or destroyed. At least 17 ships cap-
sized in the harbor. In her few short hours
over southern Taiwan, Thelma left destruction
amounting to several millions of dollars
(U.S.). According to the Central Weather
Bureau of Taiwan, Typhoon Thelma was the most
destructive tropical cyclone to hit Taiwan
in more than 80 years.

FIGURE 4-2. Typhoon Thelma enterning southwestean
Taiwan with an §0 kt {41 m/sec) intensity, 25 July
1977, 02437. [DMSP imageny)
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A tropical disturbance, north of the
climatologically favored area, was first evi-
dent on satellite imagery and JTWC's synoptic
gradient level analysis at 260000Z July 77
with a cyclonic surface circulation center
near 25,5N-133.6E. Exhibiting westward move-
ment over the next 24 hour period, the dis-
turbance gained organization and potential
for significant development. At 270500Z, a
formation alert was issued. By 2718007 the
surface circulation reflected 30 kt (15 m/
sec) of wind at the surface and JTWC's ini-
tial warning on the system as Tropical
Depression 07 (TD 07) was issued at 280000Z.
Subsequent post-storm analysis revealed that
TD 07 had reached 35 kt (18 m/sec) intensity
(minimum tropical storm intensity) by initial
warning time,

Beginning as far back as 220000Z, a low
cell imbedded in a tropical upper tropo-
spheric trough (TUTT) had formed to the
northeast of TD 07's initial warning posi-
tion. Tracking west-southwest, this upper
cell was centered near 30.5N-131.0E at
260000Z. The TUTT, now nearly east-west
oriented, continued to dig toward the west
and at the same time an upper level anti-
cyclone over Korea/Japan north of this TUTT
built eastward. The 200 mb winds at statioms
along the east coast of Japan reflected 60-75
kt (31-39 m/sec) out of the north-northeast.
By 271200Z the TUTT cell was centered near _
27.8N 133.5E with strong difluence southeast
of the cell located over the surface distur-
bance (Fig. 4-3). The vertical coupling had
thus been effected and the necessary condi-
tions for tropical cyclone development ful-
filled.

FIGURE 4-3. Vera at barely 40 kt (21 m/sec) intensity
showing strong diffuence alogt to the southeast of a
TUTT Low, 2§ July 1977, 0039Z. [(NOAA-5 imagery)

VERA
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By 280000Z, then, TD 07 was upgraded to
a tropical storm and named Vera. A generally
westward track (260°) at 3 kt (5.6 km/hr) was
observed. Steering at this point seemed to
be governed by the easterly flow on the
southern periphery of the major anticyclone
over Korea/Japan. The TUTT low also moved
westward. By 291200Z the anticyclone over
Korea/Japan began to build toward the south-
west in advance of Vera. Therefore, steering
influences were reflected in the observed
west-southwest (becoming southwest) track
that Vera assumed. As she proceeded south-
westward, Vera continued to intensify attain-
ing 65 kt (34 m/sec) by 2912002. From
291200Z to 291800Z Vera intensified from 65
to 90 kt (34 to 46 m/sec) proceeding to the
southwest at 9 kt (17 km/hr). Beyond 2918002
a marked decrease in forward speed was noted
(from 9 to 4 kt [17 to 7.4 km/hr]) as the
northeasterly steering at upper levels
appeared to relax. Simultaneously, an in-
crease in intensity occurred. By 3006002
Vera had attained winds of 100 kt (52 m/sec)
and satellite imagery revealed a well-defined
eye (Fig. 4-4) while reconnaissance aircraft
reported 100 kt (52 m/sec) at the 700 mb
flight level. By 301200Z satellite data
showed improved outflow channels aloft to the
west and north and fix positions from radar,
satellite, and aircraft supported a more
west-northwestward track.,

t

TAIPE!

FIGURE 4-4. Typhoon Vera 200 nm {370 km) east of
Taiwan and accelerating noathwestwand.



Upon making her turn to the.west-north-
west, it became evident that Vera would
likely pass directly over Iriomote-Jima and
just to the south of Ishigaki-Jima. Figure
4-5 shows the one-hourly surface reports from
Ishigaki-Jima (WMO 47978) and indicates eye
passage south of the island between 302100Z
and 302200Z. Maximum winds reported were
from the southeast at 103 kt (53 m/sec) at
3022002 (Fig. 4-6). Minimum pressure re-
ported was 935.6 mb at 302100Z. As Vera

e FWC/JTWC GUAM

passed south of Ishigaki-Jima, her speed had
increased to 10 kt (19 km/hr). Post-analysis
revealed that Vera attained her maximum inten-
sity of 110 kt (57 m/sec) by 3100002 (Fig. 4-
7) and decreased in intensity slowly there-
after as she approached Taiwan at a speed of
11 kt (20 km/hr) (Fig. 4-8). Aircraft recon-
naissance at 310850Z verified a slight inten-
sity decrease as low level inflow channels
were restricted by the island of Taiwan.
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FIGURE 4-5. Hourly sunface synoptic observations grom Ishigaki-Jima durning passage of Typhoon Vera.
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FIGURE 4-6. Hua-Lien nadarn presentation of Typhoon
Vera when Ishigaki-Jima was nrecelving maximum sus-
tained winds of 103 kt (53 m/sec), 30 Juby 1977,
22002. (Photograph courtesy of the Central Weather
Bureau, Taipel, Taiwan, Republic of China.)
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FIGURE 4-7. Typhoon Vera at maximum 110 kt (57 m/sec)
Antensity and fust 19 minutes after the luzdzvt {magerny
£in Figure 4-6, 30 July 1977, 2219Z. - (DMSP imagery)



Landfall on the island of Taiwan occurred
at Keelung {Chi-Lung) at the mouth of the Chi-
Lung Ho River basin. Moving at 11 kt (20 km/
hr) Vera followed the river basin to the
west-southwest toward Taipei. Keelung re-
corded a minimum low pressure of 939.9 mb at
310930Z and a total rainfall of 7.95 in (202
mm). Maximum winds recorded at the Chinese
Weather Bureau office in downtown Keelung were
66.6 kt (34 m/sec) with gusts to 113 kt (58
m/sec) at 311030Z. In Taipei, a minimum
pressure of 951.5 mb was recorded at 311028Z
with total rainfall recorded as 8.0 in (203
mm). Taipei International Airport reported
maximum winds of 64 kt (33 m/sec) with gusts
to 96 kt (49 m/sec). Both Keelung and Taipei
established new records in observed maximum
wind reports with Vera's passage. After pass-
ing over the northeastern part of Taipei

city, Vera continued on a nearly westward
track and emerged in the Taiwan Straits just
north of Hsin Chu at 311500Z. Vera continued
on a westward track at 11 kt (20 km/hr) and
made landfall on the China mainland near Ch'
uan-Chou at 010100Z August with an intensity
of 80 kt (41 m/sec).

Following so closely after Typhoon Thel-
ma, which had wreaked havoc on the southern
portion of Taiwan, Typhoon Vera left at least
25 dead in her wake and vast amounts of pro-
perty and crop damage. Two ships sank, 10
went aground, 3 were washed away, and 22 were
damaged. However, with timely warnings and
the occurrence of Thelma two weeks prior,
most ships diverted and rode out the storm in
the safety of the open sea.

FIGURE 4-§. Typhoon Vera approaching northern Taiwan,

30 July 1977, 2352Z. The next cyclone, Tropical Stomm

Wanda, is shown at development stage with 30 kt {15 m/ .
see) winds 100 nm {185 km) south of Iwo-Jima.

[NOAA-5 imagery gnom FLEWEAFAC Suitfand, MD)
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BABE

During August 1977, no typhoons were
observed. The JTWC significant Tropical
Weather Advisory of 31 August stated, ‘'the
probability is that the remainder of 1977
should see an increase in typhoon activity”.
The next day, 1 September, the seedling of
the year's 10th tropical cyclone and the only
super typhoon was first observed. Babe was a
very challenging storm in that during her
lifetime she threatened virtually every major
DoD facility in the western North Pacific.

Satellite data on the 1st at 0143Z and
00002 synoptic data indicated a weak surface
circulation with associated convection near
7N-150E. Based on this data, a Tropical Cy-
clone Formation Alert was issued. At this
time, there was a tropical upper tropospheric
trough (TUTT) present at 200 mb to the North
of the alert area. The TUTT maintained its
position through the 3rd at 0000Z and the
divergence on the southern side of the TUTT
aided in the development of the seedling into
Tropical Depression 10 (TD 10).

The first warning on TD 10 was issued on
the 2nd at 0000Z. An aircraft fix on the 2nd
at 0052Z estimated the maximum surface wind
+o be 40 kt (21 m/sec). On the following
warning {(0600Z), TD 10 was upgraded to Trop-

ical Storm Babe., With the TUTT circulation FIGURE 4-9. Babe at minimal typhoon strength and
providing fair outflow conditions aloft, Babe headéing nonthward, 5 September 1977, 21551.
slowly intensified as she moved westward [DMSP .tmageny)

across the warm Philippine Sea. Babe was
being steered at this time by a well devel-
oped mid-tropospheric subtropical ridge which
extended from the dateline into central China.
With this westward movement expected to con-
tinue, Babe was forecast to cross the Repub-
lic of the Philippines and pose a threat to
Subic Bay and Clark AB. The westward move-
ment continued until the 5th at 0000Z when
signs of a change in direction of movement
first appeared. Between the 2nd and the 4th,
Babe had an average speed of 14 kt (25 km/hr).
By the 4th at 1200Z, the speed had dropped to
8 kt (14 km/hr), further dropping to S5 kt (9
km/hr) in the following 12 hours.

On the 5th at 0000Z, an upper air trough
in the mid-latitude westerlies appeared over
northeastern Asia. A weakness in the sub-
tropical ridge between the trough and Babe
became evident and increased the probability
of a more northerly storm track. A change in
Babe's direction of movement was first noted
by satellite data at 052155Z (Fig. 4-9) and
confirmed by aircraft reconnaissance at
052243%Z.

Taiwan, which was still recovering from
the effects of earlier typhoons, Thelma and
Vera, was now threatened again. Aircraft
data between the 5th at 0832Z and the 7th at
22047 showed_Babe to have undergone rapid
deepening with the central pressure dropping
from 988 mb to 907 mb, a rate of 1.3 mb/hr.
This rapid deepening was in response to the
divergent southwesterly flow ahead of the
strong upper air trough now stretching from
east of Japan into central Taiwan, which
provided a strong outflow channel aloft.

Babe was upgraded to a typhoon on the 6th at FIGURE 4-10. Super Typhoon Babe at 130 kt (67 m/sec)

0000Z and a super typhoon on the 8th at 00002 intensity 250 nm (463 km) sowtheast of Ishigaki Jima,
(Fig. 4-10). & Septemben 1977, 0303Z. {DMSP (mageny)
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Up until the 080000Z warning, Babe was
still forecast to cross Taiwan and then dis-
sipate in mainland China prior to full recur-
vature. On the 7th at 1200Z, however,
another upper air trough moved into northern
China. This short wave additionally weakened
the mid-tropospheric ridge over southeastern
China. A low soon developed in this trough
over Korea indicating the trough would move
slowly and possibly deepen. This increased
the probability that Babe would recurve much
earlier than expected. This came to pass and
as Taiwan was relieved, Okinawa and Japan now
faced the fury of Babe. Aircraft and radar
data showed Babe began recurvature to the
northeast after the 8th at 0600Z and while
weakening at a rate of 5 kt/6 hr (2.5 m/sec).
Conditions of readiness were set for southern
Japan and aircraft evacuated Kadena AB for
appropriate ''safe haven' locations (Fig. 4-
11).

FIGURE 4-11. Typhoon Babe at 120 kt (62 m/sec) inten-
s4ty, sfowly weakening and accelerating northward, 9
Septemben 1977, 0245Z. (DMSP imageny)

During Babe's north-northeastward tran-
sit, the upper air low which had formed over
Korea moved south-southwestward, deepened and
cut-off from the main upper air trough. This
allowed ridging to the east and northeast of
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Babe to build east-west to the north of Babe
and the cut-off low steering Babe toward
Korea, and eventually Shanghai. Evidence of
a Fujiwhara type effect between Babe's circu-
lation and the cut-off low also appeared.
Babe finally steered around the northern
periphery of the cut-off low and hit the
People's Republic of China just north of
Shanghai on the 11th at 0000Z with surface
winds of 65 kt (33 m/sec) (Fig. 4-12).

The greatest damage from super typhoon
Babe occurred after she recurved and headed
for Japan. Newspaper reports described Babe
as "the worst typhoon to threaten Japan in 18
years'. Babe struck the Japanese island of
Okino-Erabu with winds of 135 kts (69 m/sec)
injuring 45 people and destroying 1600 homes.
Kadena AB recorded maximum sustained winds of
36 kt (19 m/sec) on the 9th and a peak gust
of 60 kt (31 m/sec) at 091328Z. Babe also
disrupted maritime activities sinking a Pana-
manian freighter with 16 reported dead or
missing and damaging approximately 100 Japan-
ese fishing vessels which sought safety in
the East China Sea.

The overall forecast accuracy for super
typhoon Babe was below average. However, the
DoD operational impact was decreased by the
use of forecast confidence probabilities
appended to JTWC prognostic discussion bul-
letins and the many telephone conversations
between JTWC and WESTPAC staff meteorologists.
This was confirmed by operations staff per-
sonnel at the 1978 Tropical Cyclone Confer-
ence.

FIGURE 4-12.
km) north of Shanghai, People's Republic of China, 11

Typhoon Babe dwiing Land§all 60 nm (171

September 1977, 01092. The monsoon trough extending
from the Philippine to the Mariana Islands would soon
spawn the next typhoon, Dinah. [NOAA-5 imageny §rom
FLEWEAFAC Suitland, MD)
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DINAH

Dinah, the 5th typhoon of 1977, dis-
played the most unusual behavior. While over
the South China Sea, the storm executed two
hairpin turns and one loop before meandering
over South East Asia during dissipation.
Dinah's development, however, was a more nor-
mal sequence of events.

"Super'" Typhoon Babe's extensive circu-
lation system aided the monsoon trough to
move north of its normal location. After
Babe dissipated over eastern China, the mon-
soon trough extended from South East Asia to
the Mariana Islands along 20 degrees morth
latitude. South of the trough, deep south-
westerly flow produced localized gale force
winds and extensive areas of thundershower
activity. North of the trough, steady east-
erlies prevailed. Although the opposing
currents produced considerable cyclonic shear
and relative vorticity within the trough, the
counter productive northeasterlies in the
upper troposphere produced enough vertical
shear to prevent significant tropical cyclone
development. Meteorological satellite data
during this 2nd week of September period
showed several loosely organized areas of
convection within the monsoon trough. On the
12th, synoptic data located a low level cir-
culation center 400 nm (741 km) north of Guam.
Maximum intensity near the center was esti-
mated to be 20 kt (10 m/sec) while localized
gale force winds continued within the south-

west monsoon current to the southern and . s ,
eastern periphery of the monsoon trough. ﬁ?%im?l? ”ng"%lgﬂm‘ng ézzgﬂl zfufum
(Islanders in the southwest flow could not §rnom its place of onigin, the monsoon t/wu.ghg 12 Y

3 T 3 2 :]
believe there was not a tropical storm or Se ber 1977, 23107. [NOAA-5 imageny)

typhoon nearby.)

The circulation center initially moved
northwestward at an average speed of 16 kt
(30 km/hr). Synoptic reports and satellite
imagery revealed a tropical upper-tropo-
spheric trough (TUTT) oriented east-west and
just north of the position of the low to mid-
level monsoon trough. By 1200Z on the 12th,
a westward moving cyclone within the TUTT
became positioned northeast of the surface
disturbance. This orientation relieved much
of the previously inhibiting vertical shear
and provided an area of divergence aloft.
This new flow pattern permitted the surface
disturbance greater vertical growth and
intensification. Satellite data soon iden-
tified a distinct vortex which separated from
the areas of southwest monsoon cloudiness
(Fig. 4-13). At 0100Z on the 14th, a forma-
tion alert was issued. The disturbance now
moved westward as it entered the steering
influence of an anticyclone over the East
China Sea. Satellite pictures soon showed
larger and better developed banding features.
Since corresponding surface reports also
indicated intensification, the first warning
was issued for TD 12. Post analysis, however,
found that the disturbance had achieved trop-
ical depression intensity by 131800Z and
tropical storm stage by 140000Z (Fig. 4-14).
This was the period of maximum TUTT inter-
action. Because of the favorable conditions

present during this time, another disturbance FIGURE 4-14. Dinah at tropical stoam stage inten-
about 300 nm (556 km) north of Guam developed s4fyding in an intenesting split congiguration, 14
into Tropical Storm Emma. Septemben 1977, 0023Z. Dinah appears Lo be composed

of two, comma-shaped convective systems rotating
cyelonically with a naviow zone of relative subsi-
dence between them. (NOAA-5 imageny)
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As TD 12 grew and became Tropical Storm
Dinah, the pressure gradient bgtween the
storm and the subtropical ridge increased.
The associated easterly steering currents
correspondingly increased and accelerated
Dinah to a maximum speed of 19 kt (35 km/hr).
An intensifying, mid-tropospheric high over
eastern China was now the primary source of
these easterlies. As this high pressure cell
continued to build, Dinah was steered in a
southwesterly direction towards the Republic
of the Philippines. Forward speed decreased
as the gradient slackened. Steady intensi-
fication continued as upper level outflow was
well established in all quadrants. This
trend persisted until Dinah reached minimum
typhoon strength at 1506002 just 100 nm (185
km) off northern Luzon. With a maximum
intensity of 55 kt (28 m/sec), the storm
entered Luzon 35 nm (65 km) south of Escar-
pada Point at 151500Z. That evening Dinah
passed near Tuguegarao, a station in north-
eastern Luzon which experienced 96 kt (49 m/
sec) peak winds and a mean sea-level pressure
of 977.0 mb.

Upon entering the South China Sea after
7 hours over land, Dinah weakened to 40 kt
(21 m/sec), but quickly reintensified to 50
kt (26 m/sec) winds within 14 hours. Headed
west-southwestward, Dinah entered an area of
weaker steering currents. The dominating
anticyclone over China was beginning to
weaken and mid-latitude westerlies began
extending southward. By the 17th, the con-
tinued weakening of steering currents caused
the storm to slow to 9 kt (17 km/hr) movement.

For the next 4 days, Dinah exhibited
unusual behavior. The weakening subtropical
ridge over China broke down into a series of
smaller high cells while the southwest mon-
soon deepened. Caught between these oscil-
lating and opposing steering sources, Dinah
abruptly turned northeast and then executed a
loop during the 17th. As the southwest mon-
soon strengthened and became the dominant
steering flow, the storm was directed north-
eastward toward Taiwan.

Intensification resumed as a result of
the enhanced monsoon. The weakening subtrop-
ical ridge and increasing outflow aloft also
contributed to Dinah's growth. By 181800Z,
typhoon strength was again achieved. After
being displaced north nearly 150 nm (218 km),
movement slowed to 5 kt (9 km/hr) as Dinah’'s
steering flow became less effective. By the
19th an advancing mid-latitude trough over
China aided in steering Dinah eastward. Sus-
tained winds of 65 kt (33 m/sec) persisted as
satellite imagery at 191201Z revealed an eye.
At 200000Z, Dinah reached a short-lived max-
imum intensity of 75 kt (39 m/sec) (Fig. 4-
15). Ever since Dinah's origin, the south-
west monsoon was the major feeding current.
By 200600Z, this flow was being diverted into
the beginnings of Tropical Storm Freda in the
Philippine Sea and Dinah began to weaken.

As the mid-latitude trough advanced over
China, it did not dig south as forecast and a
large high pressure area built in behind it.
In response, Dinah did not continue eastward
in advance of the trough; it slowed to 2 kt
(3.7 km/hr), turned westward, then southwest-
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ward being influenced by the intensifying
high over China. Dinah was the first storm
to be directly affected by an early autumn
surge in the northeast monsoon.

The northeasterlies from
over China controlled Dinah's
the next 2 days. Diminishing
westerlies and increasing dry northeasterlies
steadily weakened the storm. Dinah accel-
erated southwestward and reached south Viet-
nam as a weak tropical depression at 231700Z.
JTWC's last warning was issued one hour later,

the strong high
movement for
moist south-

After landfall, Dinah, in its dissi-
pating stage, persisted for 4 days. Tropical
Storm Freda and the weakening of the north-
east monsoon were the controlling agents in
the last days of Dinah's unusual track.
After crossing the South China Sea, Freda
entered southern China drawing the southwest
monsoon northward. Once again embedded in a
southwest steering current, TD 12 (Dinah)
journeyed northward through Cambodia, north-
eastward over the Gulf of Tonkin then north-
ward into southern China and finally dissi-
pated.

Dinah's sweep across northern Luzon
caused loss of lives and property. Floods
and landslides alone caused 15 deaths and 11
missing. Although Dinah remained a safe dis-
tance from mainland China while jogging
unpredictably over the South China Sea, Hong
Kong displayed the Stand By Signal No. 1 for
a record 124 hours and 40 minutes.

FIGURE 4-15,
Typhoon Dinah at maximum intensity of 75 kit (39 m/

Infraned, threshold photograph of

see), 19 September 1977, 23102. This special
product consolidates the theamal range into four
sLices (gray shades) with white being coldest and
black wanmest.

Black: greaten than 253°K; darnk gray: 253° to 233°K;
gt gray: 233° to 213°K; white: Less than 2 13°K.
(DMSP imagery grom Det 5, 1wy, Clank AB, RP)
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On the 1st of October, a large area of
heavy convection, 300 nm (556 km) in diam-
eter, was detected by satellite approximately
325 nm (600 km) north of Ponape. Synoptic
data indicated a weak surface circulation in
the vicinity. The system, which would later
become Typhoon Gilda, was observed to be mov-
ing northward toward a weakness in the mid-
tropospheric subtropical ridge.

On the 2nd of October, a Tropical Cy-
clone Formation Alert was issued as satellite
data indicated increased organization and
upper level outflow. Further intensification
was expected due to the existence of an upper
level trough to the northwest.

Aircraft reconnaissance on the morning
of the 3rd reported 38 kt (20 m/sec) winds at
the 1500 foot (441 m) flight level. Based on
this data and the assessed good potential for
further intensification, the first warning
was issued on TD 15 at 0000Z on the 3rd.

For the next 18 hours the tropical de-
pression moved erratically toward the north
at a speed of 5 kt {9.3 km/hr). During the
3rd, the mid-tropospheric subtropical ridge
northeast of TD 15 began to build toward the
west. Late on the 3rd, TD 15 responded and
began to move toward the northwest. Simul-
taneously, the tropical depression began to
interact with a cyclonic cell in the Tropical
Upper Tropospheric Trough (TUTT) located to
the depression's northwest. Divergent south-
westerlies aloft, on the southeast periphery
of the upper level cyclonic cell, enhanced
the outflow of TD 15 and by 18002 on the 3rd
the system had intensified to tropical storm
intensity.

During the 4th, Tropical Storm Gilda
continued to intensify as it accelerated to
12 kt (22 km/hr) on its northwestward track.
Reconnaissance aircraft on the afternoon of
the 5th indicated 80 kt (41 m/secz) winds at
its 700 mb flight level, and observed that
the central pressure of Gilda had fallen to
974 mb, a 15 mb drop in 11.5 hours. Using
this information, Gilda was upgraded to ty-
phoon at 0600Z.

During the past 36 hours, a mid-tropo-
spheric, short wave trough moved eastward
from eastern China toward Japan, and began to
deepen. By the 5th this trough had moved east
of northern Japan, and had dug sufficiently
equatorward to sever the subtropical ridge
north of Gilda. By the afternoon of the 6th,
the typhoon had acquired a north-northwestward
track toward the weakness in the ridge. At
06222, aircraft reconnaissance showed that the
central pressure had risen to 986 mb. Conse-
quently, the 0600Z warning was amended and
Gilda was downgraded to a Tropical Storm. The
weakening, however, was short lived; 24 hours
later she had again attained typhoon inten-
sity. At 1500Z on the 7th Gilda passed
through the weakness in the subtropical ridge
and shortly thereafter began recurving toward
the north-northeast. As frequently observed
with October tropical cyclones, Typhoon Gilda
continued to intensify after recurvature. She
attained her peak intensity of 70 kt (36 m/
sec} on the 8th when aircraft at 03257 re-
ported the typhoon's minimum sea level pres-
sure of 968 mb(Fig. 4-16).

GILDA
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By the night of the 8th, Gilda had again
weakened to tropical storm strength, and had
taken a northeast heading around the north-
western periphery of the mid-tropospheric high
cell. During the subsequent 36 hours, the
tropical storm accelerated rapidly toward the
east-northeast and weakened at a rate of § kt
(2.6 m/sec) per 6 hours. On the morning of
the 10th, Gilda became extratropical, moving
toward the east-northeast at more than 30 kt
(55 km/hr).

During her eight day span, the closest
point of approach to land was 220 nm (407 km)
when she passed southwest-of Marcus Island on
the evening of October 5th. On the ocean,
ships stayed well away from Gilda's strong
winds. As a result, Gilda claimed no loss of
life or damage to property.

FIGURE 4-16.

Typhoon Gilda at maximum {ntensity of
70 Rt (36 m/sec) duning recwrwature, 7 October 1977,

23437, [NOAA-5 imagerny from FLEWEAFAC Switland, MD)
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Ivy, the 7th typhoon of 1977, originated
from an easterly wave. It was first detected
by synoptic data moving westward over the
Marshall Islands on the 14th of October.
Within 24 hours it entered an area of in-
creased low level convergence associated with
the near equatorial trough (NET), intensified,
and developed a surface circulation. For the
next 8 days it remained within the NET before
breaking loose.

The development of Ivy was also aided by
the movement of Tropical Storm Harriet, which
was also embedded in the NET. TS Harriet
moved northward through the Philippine Sea
displacing the NET northward. This northward
shift allowed for an increase in favorable
conditions for intensification. By the 19th
the developing cyclone (Ivy) was receiving
most of the low level, southwesterly flow
that was previously supplied to the now weak-
ening Harriet (Fig. 4-17). The next day
satellite data indicated that the distur-
bance's convective activity and organization
had increased while surface reports indicated
that the central pressures were steadily
falling. JTWC, therefore, issued a formation
alert at 200126Z.

FIGURE 4-17.
formative stage near Guam with Tropical Stowm Hanniet
at maximum intensity of 55 kt (28 m/sec), 19 October

Ingrared photoghaph of vy in the

1977, 10142, (DMSP. imagery)

vy
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Upper tropospheric, synoptic data from
the morning of the 21st indicated that the
outflow pattern above the alert area was con-
tinuing to strengthen. An aerial reconnais-
sance investigation on the afternoon of the
21st detected an organized surface cyclonic
circulation with a 996 mb central pressure.
Reconnaissance data further indicated that
the disturbance was moving northward just
east of the Mariana Islands. Along with
supportive satellite data, the first warning
on TD 17 was issued at 210600Z.

On the morning of the 20th, TD 17 began
moving through a break in the subtropical
ridge previously opened by Harriet. This was
also an area of weak and variable steering
currents. From the morning of the 21st to
the evening of the 22nd. there was a lack of
any definitive, middle tropospheric steering
flow which resulted in the erratic movement
of the storm. For 36 hours TD 17 meandered
and then looped before heading northeastward
(Fig. 4-18).

During the formative stages of TD 17,
upper tropospheric, synoptic and satellite
data indicated the presence of a weak trop-
ical upper tropospheric trough (TUTT) to the
northeast. As the disturbance reached trop-
ical depression intensity, data indicated
that a low in the TUTT had developed. The
establishment of the TUTT low in this. region
allowed for an increase in the advection of
mass away from the storm. This allowed for

further intensification and the depression to
reach tropical storm intensity during the
Aircraft reconnaissance

course of its loop.

FIGURE 4-18. Infranred photoghiaph of Tvy with 40 kt
(21 m/sec) winds executing a eyclonic Loop, 22 October
1977, 09232, (DMSP imagery)



on the 21st at 15457 observed a maximum
flight level, 700 mb, wind of 38 kt (20 m/
sec) associated with the storm. Based on
this data TD 17 was upgraded to Tropical
Storm Ivy at 211800Z.

From the evening of the 22nd, the storm
began to accelerate and move northeastward
in response to an eastward moving short-wave
trough in the mid-latitude westerlies.
During this period the TUTT began to inten-
sify. This crcated an upper air regime which
was favorable for further intensification.
On the morning of the 24th Ivy reached ty-
phoon intensity. Reconnaissance aircraft at
03412 recorded a central pressure of 967 mb
and observed sustained, 700 mb winds of 75 kt
(39 m/sec) about an eye 30 nm (56 km) in
diameter.

After reaching typhoon intensity, Ivy
continued to the northeast. This movement
caused the storm to pass 20 nm northwest of
Marcus Island (WMO 47991) at 241930Z. Marcus
reported a sustained 70 kt (36 m/sec) at
1800Z and 111 kt (57 m/sec) gusts at 2100Z.
As Ivy continued northeastward, further in-
tensification took place. After establish-
ment of other TUTT lows to the north and
south of the storm, a maximum strength of 90
kt (46 m/sec) was reached on the 25th (Fig.
4-19). New aircraft data reported a well
defined eye with a 945 mb central pressure.

Typhoon Ivy maintained maximum intensity
for 12 hours. The continued northward dis-
placement was due to the increasing influence
of a quasi-stationary upper-level trough east
of Japan. This also caused the storm to
enter a cooler environment which began to
degrade Ivy into an extratropical system.

As a result, the last warning was issued at FIGURE 4-19. Typhoon Tvy displaying a well defined
261800Z. Ivy quickly weakened and became eye at Lts maximum intensity of 90 ht (46 m/fsec), 25
extratropical along a cold front. October 1977, 0106Z. {DMSP imagery)
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JEAN

Jean, the 18th tropical cyclone of 1977,
established two season records; first, as the
shortest-lived typhoon of the season and
second, as the only tropical cyclone of 1977
for which a formation alert was not issued
prior to the initial warning. Jean was first
observed on satellite imagery as a weak dis-
turbance located some 200 nm (371 km) south-
east of Kwajalein Atoll at 21287 on the 24th
of October. While moving northwestward at 14
kt (26 km/hr), the disturbance was included
on JTWC's Significant Tropical Weather Advi-
sory (ABEH PGTW) for the next several days.
Located downstream of an upper tropospheric
trough axis in a difluent area aloft, the
disturbance was in a favored position for
development. By 1200Z on the 27th, an upper
tropospheric outflow center (200 mb) was ana-
lyzed over the surface position further sup-
porting development.

Due to the presence of a ship in close
proximity to the cyclone, the initial warning
on Tropical Depression 18 was issued at 1200Z
on the 28th with an intensity of 30 kt (15 m/
sec) and a northwest movement at 14 kt (26 km/
hr). Satellite data over the next 6 to 12
hours indicated an intensity increase and at
18002 on the 28th the depression was upgraded
to tropical storm status. At this same time,
Jean wgs beginning to show a more northward FIGURE 4-20. Infrared phgfongxzﬁ Jean at 55 ht
trend and had slowed appreciably to a speed (28 m/sec) intensity tracking nonth-nontheastward, 29
of 6 kt (11 km/hr). The more northward October 1977, 0905Z. (DMSP imagery]
thence north-northeastward track was attri-
buted to upper- and mid-tropospheric level
steering influences which were dominant above
the easterly steering flow near the surface
and in the lower troposphere. Because the
steering currents at various levels were not
acting in conjunction, a slowing trend in
forward movement was noted.

At 0513Z on the 29th, reconnaissance
aircraft penetrated the storm and observed
surface winds near 60 kt (31 m/sec) and also
reported that an eye was beginning to form.
Satellite imagery at 0905Z on the 29th (Fig.
4-20)- further supported the aircraft's ob-
served intensification; consequently, at
1800Z on the 29th, Jean was upgraded to a ty-
phoon. Satellite positioning also dictated a
more north-northeastward track. Jean main-
tained minimum typhoon intensity for the next
6 hours through the 300000Z warning thereby
establishing the aforementioned record as the
shortest-lived typhoon of the season.

Post analysis revealed that beyond the
3000002 position Jean began to react to the
effects of very strong vertical shear. At
the surface and at low-tropospheric levels,
steering flow was strong easterly around the
southern periphery of the subtropical ridge.
Steering flow at mid- and upper-tropospheric
levels was strong west-southwesterly. Under
this hostile regime, Jean began to weaken and
had made her furthest northeastward incursion
by 1200 on the 30th with 55 kt (28 m/sec)
intensity. Satellite data on the 30th showed
an exposed low-level circulation center to
the west of the area of major convective

activity. Jean began to weaken rapidly and FIGURE 4-21. Exposed Low Level cireutation of Trop-
move west and then west-northwest in response {cal Stonm Jean at 40 kt (21 m/sec] intensdity duning
to the east/east-southeasterly steering at westwand acceleration, 31 Octoben 1977, 0102.

low tropospheric levels. Figure 4-21 depicts {DMSP imageny)
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the low level circulation center with the
major convection sheared off to the east.
Figure 4-22 is a graphic depiction of Jean's
passage north of Marcus Island through three-
hourly synoptic reports.

JTWC issued its expected final warning
on TD 18 (formerly Tropical Storm Jean) at
1200Z on the 31st with a forecast dissipation
within 12 hours. The low level circulation
was closely monitored via satellite for signs
of reintensification for the next 24-36
hours. By 2323Z on the 1st of November, the
disturbance began to show an improved satel-
lite signature with an increase in convective
activity. TD 18 was reactivated and a warn-
ing was issued at 0000Z on the 2nd of
November. AT this time, TD 18 began meander-
ing northward at 3 to 4 kt (5.5 to 7.5 km/hr)

TIME
?

FWC/JTWC GUAM

and showed an intensity of 30 kt (15 m/sec).
For the next 12 to 24 hours, the system
executed a looping movement and by 14507 on
the 2nd satellite data again showed the
effects of strong vertical shear with an
exposed low level circulation again visible
to the west of the main convection. Once
sheared off, the low level circulation
responded to low tropospheric, northeasterly
flow around the southeastern periphery of a
large anticyclone centered over the Sea of
Japan. The final warning was issued at
031200Z with dissipation forecast by 031800Z.
The low level circulation center continued
tracking to the southwest and then west-
southwest remaining weak and visible on
satellite imagery until 0019Z on the 6th of
November.

021 30 OCT 1977

STATION .
30/21 3100 3YQ3 131/06 3109 3112 13115 13118 3U21  10Y00
o c o o ) 5 O o o o 0
?\/ﬁ?{iﬁéAM 50| dome| boas| oro . 28| eon) a0 & v\g o o

FIGURE 4-22.
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Three-hourly synoptic sunface observations at Marcus Island during the passage of Jean.
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Kim, the 9th typhoon of the season, orig-
inated in an active near-equatorial troug ’
(NET), which extended through the western
Marshall Islands. Weak surface circulations
existed within this trough near Ponape and
Kwajalein. During the 2nd of November, this
activity had consolidated into a single sur-
face circulation 100 nm (185 km) southwest of
Ponape with a central pressure of 1007 mb.
The disturbance began moving northwestward
within the NET at approximately 6 kt (11 km/
hr).

At 21552 on the 3rd, satellite first
fixed the disturbance and estimated the winds
to be 20 kt (10 m/sec). A circulation center
was located 150 nm (270 km) northwest of
Ponape. With the weekend approaching, a for-
mation alert was issued on the 4th as satel-
lite and synoptic data indicated a strengthen-
ing surface circulation. Aircraft reconnais-
sance the next day found a central pressure
of 1007 mb and estimated a maximum surface
wind of 20 kt (10 m/sec). As the disturbance
continued northwestward toward a broad, rela-
tive weakness in the strong mid-tropospheric
subtropical ridge, synoptic and satellite data
still indicated no significant development.
Potential for development remained fair to
good and the formation alert was therefore
extended for 24 hours. A second aircraft
investigation on the 6th fixed the system with
a 1004 mb central pressure and maximum surface
winds of about 25 kt (13 m/sec). Kim's first
warning as TD 19 was issued at 0600Z on the
6th. The system was upgraded to Tropical
Storm Kim just 12 hours later.

Xim next turned toward Guam at a speed of
approximately 10 kt (19 km/hr). Slow intensi-
fication occurred during the next 48 hours due
to the dominating presence of the strong sub-
tropical ridge to the north. A short wave
trough in the upper tropospheric westerlies
also hampered rapid development by restricting
outflow to the north of Kim. However, after
the trough passed by, outflow aloft steadily
strengthened. A deepening long wave trough
over eastern Asia was now beginning to weaken
the subtropical ridge which was previously
suppressing Kim's low level development.
Satellite data at 080204Z indicated increased
organization (Fig. 4-23). Kim began intensi-
fying at the rate of 30 kt (15 m/sec) in 24
hours and the central pressure dropped 22 mb
in a 24 hour period.

Kim passed directly over Guam on 8
November between 1020Z and 1235Z approaching
Guam from the east-southeast, moving westward
over the island, and exiting toward the west-
northwest. The eye entered with a circular
configuration and exited with an elliptical
configuration. Figure 4-24 depicts eye pas-
sage as seen by radar while Figure 4-25 dis-
plays the barograph trace recorded at Andersen
AFB, Guam.
the island lasted up to 1 hour and 10 minutes
near the center of the storm track. The peak
gust recorded was 77 kt (40 m/sec) on Nimitz
Hill. The greatest damage was in the south-
ern end of the island where 22 homes were
damaged or destroyed (Figs. 4-26 and 4-27).
Fortunately, no lives were lost on Guam.

KIM

The duration of the eye passage over
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FIGURE 4-2%. Kim at 50 kt (26 m/sec) intensity, rap-
Ldly intensifying, and heading fon Guam, § Novemben
1977, 0204Z. (DMSP .imagery)

FIGURE 4-24. Air Weather Service nadar presentation
of Kim at 60 kt (31 m/sec) intensity with the eye over
Guam, § Novemben 1977, approximately 1130Z. (Photo-
graph countesy of Det 2, 1Wg, Andersen AFB, Guam.)

FIGURE 4-25. Reproduction of the barograph trace from
Andersen AFB, Guam duning eye passage of Kim. The
center passed approximately & nm (15 km] south of
Andersen AFB.



FIGURE 4-26. Kim's nearly typhoon strength winds bat-
tened the exposed, coastal village of Umatac. (Photo-
ghaph courtesy of P. J. Ryan of the Pacific Daily
News . )

FIGURE 4-77. Although damage was s8éght on most of the istand, Umatac Village on
the southwest coast did not farne so well. (Photograph countesy of P. J. Ryan of
the Pacific Daily News.)
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Kim was upgraded to typhoon strength at
2200 local on the 8th just after exiting
Guam. For the mnext 48 hours the storm con-
tinued to intensify. The subtropical ridge
continued to slowly weaken throughout this
period, but it maintained sufficient strength
to steer Kim in a west-northwestward direc-
tion. Moving at approximately 15 kt (28 km/
hr), Kim advanced toward another weakness in
the ridge located between two subtropical
high pressure cells. As the tropospheric
steering flow weakened, forward speed de-
creased and intensification increased. When
Kim was nearest this weakness within the
ridge, she attained a speed minimum, 5 kt (9
km/hr), and an intensity maximum of 125 kt
(64 m/sec) (Fig. 4-28).

Kim now took on a more westward track as
she came under the influence of the next sub-
tropical high cell. Kim was also gradually
approaching a deep, quasi-stationary, upper
tropospheric trough over Asia. This trough
produced strong southwesterly flow which
began to restrict outflow ahead of Kim re-
sulting in decreasing intensity. At the same
time, a deepening low cell in the Tropical
Upper Tropospheric Trough (TUTT) was slowly
approaching Kim from the east. This low cell
eventually came in position to emnhance upper
level outflow. A secondary maximum inten-
sity, 120 kt (62 m/sec), was achieved from
this interaction.

Kim was soon headed straight for central
Luzon (Fig. 4-29). Landfall occurred on the
13th causing extensive damage on the coast-
line with winds of 115 kt (59 m/sec). The
storm passed about 35 nm (65 km) north of
Manila and 5§ nm (9 km) south of Clark AB.

The typhoon exited into the South China
Sea 7 hours after landfall with an intensity
of 65 kt (33 m/sec). This amount of weaken-
ing is in good agreement with the latest
climatological studies of intense typhoons
crossing Luzon. Even though the South China
Sea still had warm sea surface temperatures,
Kim never reintensified due to strong, cool
northeast monsoon flow entraining into the
storm environment. By this time the mid-
latitude westerlies had sufficiently weakened
the subtropical ridge which separated Kim
from the westerlies. Rapidly decelerating,
Kim turned northward in response to the
steady southwesterly steering flow being
produced by an approaching upper tropospheric
trough. Increased upper level shearing began
the storm's extratropical transformation.
Turning northward, Kim entered deeper west-
erly flow and was accelerated northeastward
through the Bashi Channel. Kim became an
extratropical system by 0000Z on the 17th
and merged with a weak frontal system east of
Taiwan.

Xim was a long-lived storm with 44 warn-
ings issued during a 12 day period. Guam
sustained moderate property damage when Kim
crossed the island as a strong tropical
storm. Luzon, however, reported 55 drownings
due to widespread flooding. In Manila, a
fire in a hotel, caused by a lighted candle,
during the height of the storm resulted in 47
deaths. Minor damage occurred at Clark AB
with a roof blown from a school building and
falling trees causing other damage. One ship
was reported sunk while another went aground
as Kim exited into the South China Sea.
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FIGURE 4-2§. Infnared photograph o4 Typhoon Kim at
peak intensity of 125 kRt (64 m/sec), 10 Novemben 1977,
21452, (DMSP .imageny)

FIGURE 4-29.

Ingraned photograph of Typhoon Kim with
110 Rt (57 m/sec) winds about 20 hours before Landfall
on the Philippine 1slands, 12 November 1977, 22557,
{DMSP .imageny)
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Lucy, the 10th typhoon, was in most re-
spects a typical winter season storm. Devel-
opment was difficult and near the equator
while recurvature occurred at a low latitude.
An unusual event happened during the devel-
opment stage when the system divided into
two disturbances and then recombined 2 days
later.

As with the previous typhoon (Kim),
Lucy's birth was a '""double vortice" develop-
ment pattern discussed by many authors. The
earliest accounts of tropical storms occur-
ring simultaneously on both sides of the
equator are described in a book "The Law of
Storms" by Reid (1849). In this particular
case the tropical cyclone in the Southern
Hemisphere near equatorial trough (NET)} de-
veloped first and was well on its way to
maturity before Lucy formed in the Northern
Hemisphere NET. The expanding circulation
about the Southern Hemisphere TC 24-77
(Steve) strengthened the westerly flow along
the equator increasing the horizontal shear
along the Northern Hemisphere NET aiding the
development of Lucy (Fig. 4-30). On the
26th, 33 kt (17 m/sec) gradient level winds
were observed at Tarawa (WMO 91610}, an
island about 75 nm {139 km) north of the
equator. Westerlies extended above 500 mb
and created an extensive horizontal wind
shear trough north of the equator. Enough
cyclonic spin was imparted over the Marshall
Island area that the nearby preexisting dis-
turbance began to develop. All factors for
further development were present therefore,
at 270600Z a Tropical Cyclone Formation
Alert was issued.

A large mid-tropospheric anticyclone
dominated the subtropical western Pacific and
concentrated strong trade winds north of the
depression. The system soon began acceler-
ating westward as it neared the anticyclone's
southern domain. Synoptic data indicated an

increase in circulation size and satellite
imagery showed better organization.

Weather

FIGURE 4-30. "Doubfe Vontices". Lucy 4is seen in hen
formative stage in the Nonthern iemisphere NET between
Kwajalein and Majuro whie TC 24-77 (Steve) {4 near
matunity in the Southern Hemisphere NET, 25 November
1977, 21182, (NOAA-5 imageny)

LUCY

reconnaissance aircraft were sent in to
investigate further. Early on the 28th air-
craft found a 997 mb surface pressure center
with 30 kt (15 m/sec) surface winds and 45 kt
(23 m/sec) flight level winds at 1500 ft (457
m). JTWC thus issued their first warning on
TD 20 at 280600Z. Six hours later the
depression crossed the southern coast of
Ponape (WMO 91348} with only 10 kt (5 m/sec)
sustained and 25 kt (13 m/sec) gusts re-
ported. These unexpectedly weak surface
winds supported prior aircraft reports which
observed maximum winds at flight level, not
surface.

On the 29th TD 20 split into two distur-
bances. One went northwestward and the other
west-southwest around the Truk Islands (Fig.
4-31). This split occurred when increasing
amplitudes in the mid-latitude long wave
patterns strengthened the subtropical, mid-
tropospheric anticyclone which was positioned
north of TD 20. The pressure gradient be-
tween TD 20 and the high pressure cell gener-
ated 45 kt (23 m/sec) easterly flow at 500
mb. The resulting intense, horizontal shear
produced enough vorticity to induce a second-
ary circulation system just north of TD 20.
As they separated, both systems weakened as
their energy sources also became divided.

Because the northern system was gener-
ated in the mid-troposphere, it was .reflected
on the surface only as a weak depression.
Infrared satellite imagery identified the
northern split as having more activity at
higher levels. Aircraft and synoptic data
indicated better organization in the southern
split. The northern system reached a maximum

forward speed of 20 kt (37 km/hr) as the pres-
This rapid movement

sure gradient peaked.

FIGURE 4-31. Lucy during an unusual split configu-
nation while oven the Caroline Iskands, 29 November
1977, 21252. (DMSP .mageny)
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placed the secondary disturbance well ahead
of TD 20's primary circulation. As the dual
system moved westward away from the dominat-
ing influence of thc subtropical high, hori-
zontal shear and induced vorticity diminished.
This resulted in the northern system's decel-
eration and dissipation. The southern,
primary, system soon caught up to and absorbed
the remnants of the northern system 100 nm
(185 km) northwest of Woleai Atoll. By 0000Z
on the 1st of December, TD 20 was again a
single system with the same intensity as it
was before the split.

TD 20 now began heading northwestward
around the southwestern periphery of the
steering anticyclone toward a break in the
subtropical ridge. Deceleration and intensi-
fication progressed for the next 2 days. TD
20 became Tropical Storm Lucy at 010600Z.
Aircraft data, however, still indicated that
the storm was best developed in the middle
layers. This was again evidenced when Lucy
passed 25 nm (46 km) northwest of Yap (WMO
91413) which only experienced 15 kt (8 m/sec)
sustained surface winds and a sea-level pres-
sure minimum of 1001 mb.

‘Continuing northwestward, Lucy appeared
to be heading for a recurvature path. An in-
tense, short-wave trough was passing north of
Lucy, with an apparent weakening in the sub-
tropical ridge. But the trough quickly
passed, trailing a migratory anticyclone be-
hind and Lucy again took a more westward
track. Now headed for the Republic of the
Philippines, Lucy attained typhoon intensity
at 020600Z and continued to deepen. Synoptic
and satellite data showed excellent upper

level divergence in all quadrants. Aircraft
reconnaissance began reporting maximum winds
nearer the surface, indicating better verti-
cal development. By this time Lucy attained
a maximum intensification rate of 20 kt (10
m/sec) per 6 hours and satellite data re-
vealed a large, well defined eye (Fig. 4-32).

By the 3rd of December, Lucy was again
heading northwestward as a strong westerly
trough began creating another weakness in the
subtropical ridge. In 24 hours the ridge
west of Lucy had completely dissipated.
Lucy's easterly steering currents rapidly
weakened under increasing pressure from the
advancing trough. At 1800Z on the 3rd, a 115
kt (59 m/sec} maximum intensity was reached
with a minimum forward speed of 8 kt (15 km/
hr). Within the next 12 hours, Lucy recurved
ahead of the approaching trough.

The storm soon became completely embed-
ded in mid-latitude westerly flow and accel-
erated northeastward. Lucy was downgraded to
tropical storm stage 48 hours after recurva-
ture. Upper level vertical shear and low
level cool, dry entrainment became the sig-
nificant factors for weakening. Lucy was
eventually steered into a frontal zone and
became an extratropical wave within the
boundary.

The last warning was issued at 071800Z.
Lucy's extratropical transformation extended
over several days since both polar and trop-
jcal air flows converged into the system.
Lucy traveled eastward as a weak cyclone
along the front and was eventually absorbed
into a large, winter storm system over the
central Pacific.

FIGURE 4-32. Typhoon Lucy with 85 kt (44 m/sec) winds
and undergoing rapid deepening, 2 December 1977, 2215Z.
{DMSP imagery)
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Mary, the 11th and final typhoon of the
year moved across the western Pacific for 15
days and covered 4002 nm (7445 km), the sec-
ond longest storm on record for distance
traveled. On the 19th of December satellite
data detected a tropical disturbance moving
slowly east-northeastward near 9N-177E where
weak steering currents existed. Steering was
primarily influenced by the winter season
westerlies, which extended far into the sub-
tropics. During the next few hours, satel-
lite data indicated slow intensification
while a well defined comma shaped cloud was
becoming evident (Fig. 4-33). At 0000Z on
the 20th a formation alert was issued. Upper
air data at 500 mb indicated that a strong
mid-tropospheric subtropical ridge had formed
to the west of the disturbance. At the same
iime an intense mid-latitude 500 mb trough
was approaching. The combined effects of
this trough and a strong anticyclone above
the storm produced steady upper level diver-
gence and created a well defined outflow
channel to the north. Further intensifi-
cation appeared likely and the first warning
was issued on TD 21 at 0600Z on the 20th.
However, for the next 24 hours, the system
became quasi-stationary near 10N-179E as the
westerlies gradually receded northward.
During this period the system grew tec trop-
ical storm strength as GOES imagery indicated
increased outflow to the north.

Shortly after 1200Z on the 21st, the
storm began to accelerate westward. The 500
mb trough to the north had moved eastward
with a ridge now developing north of Mary.
This formation imparted westerly steering
flow south of the ridge axis. Mary responded
and quickly accelerated to 12 kt (22 km/hr).
On the 22nd Mary turned toward the west-
northwest in response to a shallow mid-lati-
tude trough which weakened the subtropical

MARY

ridge northwest of the storm. By 0000Z on
the 23rd Mary reached typhoon intensity as
satellite data indicated continued increase
in outflow and formation of an eye. Mary
slowed to 8 kt (15 km/hr) and continued mov-
ing west-northwest for the next 30 hours
while intensifying further.

The first aircraft reconnaissance en-
tered the storm at 0115Z on the 24th and
reported 90 kt (46 m/sec) maximum surface
winds and 75 kt (39 m/sec) winds at 700 mb.
Satellite data also estimated the storm
intensity to be 75 kt (39 m/sec). About five
hours later, Mary began to decelerate while
nearing a weakness in the subtropical ridge.
Then the storm turned northward and appeared
as though recurvature was beginning. How-
ever, analysis of 500 mb synoptic data indi-
cated the mid-latitude westerlies were again
receding. The subtropical ridge again re-
established itself and Mary responded by
looping clockwise and was subsequently in-
fluenced by the northerly flow around the
eastern edge of a strong, eastward migrating
anticyclone. The storm now moved south-
southwestward at 5 kt (9 km/hr). Satellite
data (Fig. 4-34) indicated Mary had continued
to intensify and at 0314Z on the 25th air-
craft reconnaissance indicated a central
pressure of 947 mb with maximum sustained
surface winds of 100 kt (51 m/sec). Just
three hours later, Utirik Atoll 55 nm (102
km) southeast of Mary, recorded winds of 40
kt (21 m/sec).

Mary soon began to accelerate to 12 kt
(22 km/hr) towards the west-southwest along
the southeastern periphery of the strength-
ening subtropical high cell. The resulting

steering flow at mid-levels plus rapid move-
ment of the typhoon were expected to weaken
Mary.

By the 26th satellite data indicated

FIGURE 4-33.
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Many duning initial development near the
dateline, 19 December 1977, 2110Z.

[NOAA-5 {magenry)



FIGURE 4-34. Typhoon Mary duning execution of a Loop
6 houns befone attaining a maximum 100 kt [51 m/sec)
intensity, 24 December 1977, 20491, (GOES imageny
from SFSS, Honofulu, HI)
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Mary had indeed weakened and Mary was down-
graded to a tropical storm. Aircraft recon-
naissance at 0357Z on the 26th confirmed
corresponding satellite data when 60 kt (31
m/sec) surface winds were observed.

As Mary turned westward along the south-
ern boundary of the subtropical high cell,
the storm accelerated to 19 kt (35 km/hr).

By the 28th Mary began moving west-northwest-
ward in response to another trough induced
weakness in the subtropical ridge:. Mary
again slowed due to the weaker steering
currents. Satellite data once again indi-
cated intensification (Fig. 4-35). As the
trough moved rapidly eastward, the subtrop-
ical ridge again strengthened north of the
storm and Mary turned west-scuthwestward and
began to weaken for the second time. Accel-
erating steadily Mary attained a 15 kt (28
km/hr) forward movement anc continued to
weaken as development became restricted by
the expanding ridge.

Mary continued her westward movement for
the next several days. Weakening slowly, the
storm was downgraded to a tropical depression
at 0000Z on the 1st of January. The system
maintained 30 kt (15 m/sec) winds until mov-
ing over the central Philippines near Leyte
Gulf. Satellite data indicated rapid dis-
sipation over land with the final warning
issued at 1800Z on the 3rd. Mary turned
sharply southward over the Philippines when
the strong northeast monsoon was encountered,
whizh aided rapid dissipation.

Although Mary was not the longest lived
storm on record, the 4002 nm (7445 km) dis-
tance traveled was the second longest. What
is also noteworthy is that no injuries or
major damage resulted during its long journey
across the western Pacific. Mary was indeed
a fitting end to a most unusual tropical
cyclone year.

FIGURE 4-35. Many at 50 kt (26 m/sec) intensity and
sLowly deepening between Guam and Truk, 28 December
1977, 21362. [DMSP imageny)



2. NORTH INDIAN OCEAN TROPICAL CYCLONES

During 1977, there were five tropical
cyclones in the North Indian Ocean (Table 4-
6). These occurrences were climatologically
consistent; two in the spring and three in
the autumn. However, these cyclones persisted
much longer and were more intense than normal.
TC 21-77, for example, developed in the Bay

TABLE 4-6.

of Bengal, traversed southern India, regen-
erated in the Arabian Sea, looped while reach-
ing typhoon strength, then finally dissipated
over southwestern India after traveling a
total of 1387 nm (2570 km). TC 22-77 was the
next and largest cyclone this season. It
became the third and most destructive storm
to hit India. Because of its strength and
devastating impact, TC 22-77 is further dis-
cussed in the following individual summary.

FREQUENCY OF NORTH INDIAN OCEAN CYCLONES BY MONTH AND YEAR.

*1671-1974 REPRESENT BAY OF BENGAL CYCLONES ONLY
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TC 22-77

TC 22-77 was the most devastating storm
in the Indian Ocean since 1971. It developed
115 kt (59 m/sec) winds and inundated South-
eastern India with heavy rains and high seas.
TC 22-77 occurred during the autumn monsoon
transition period, when cyclone development
is most favorable, and became the only storm
to attain typhoon strength this season in the
Bay of Bengal.

Meteorological satellite first located
TC 22-77 during the morning of the 1l4th of
November as a weak disturbance, approximately
150 nm (278 km) southwest of the Nicobar
Islands. Five hours later new satellite data
revealed better defined banding which indi-
cated increased organization. This prompted
the issuance of a formation alert the same
day at 1310Z, Heading due west along the
southern periphery of the mid-tropospheric
subtropical ridge, the disturbance quickly
accelerated to 13 kt (24 km/hr), while
steadily intensifying. Later satellite and
synoptic data supported a well developed
cyclone of about 40 kt (21 m/sec). At 08002
on the 15th the first warning was issued. A
post analysis showed that TC 22-77 was rap-
idly developing during this period.

Ever since TC 22-77 was first detected,
an upper tropospheric trough was forming over
northern India. By the 15th this trough was
firmly established and extended over central
India, creating a break in the subtropical
ridge. As the cyclone neared India, it began
moving northwestward toward the trough in-
duced break. This break also weakened the
mid-tropospheric anticyclone and comsequently
reduced the storm's steering flow, and as a
result, TC 22-77 steadily slowed to a 4 kt

(7 km/hr) movement. It was now intensifying
at the rate of 30 kt (15 m/sec) per 24 hours,
primarily in response to the divergent south-
westerly flow produced by the upper level
trough above the approaching cyclone. TC 22-
77 attained typhoon strength by the afternoon
of the 15th, and by 0629Z on the 16th satel-
lite data revealed an eye.

For the next 2 days, TC 22-77 tracked
north-northwestward at an average speed of ¢
kt {17 km/hr) while continuing to strengthen.
By the 18th, it began to decelerate and was
intensifying 10 kt (5 m/sec) each day..
Successive satellite pictures showed tighter
banding features while the eye became more
distinct (Fig. 4-36). Approximately 75 nm
(140 km) from the Indian coast, TC 22-77
reached a maximum intensity of 115 kt (59 m/
sec}. Just prior to landfall, TC 22-77
accelerated to 9 kt (17 km/hr) toward the
north-northwest. At 1100Z on the 19th, the
storm struck with sustained winds of 105 kt
(54 m/sec) and an 18 ft (5.5 m) tidal wave
along the coast of Andhra Pradesh about 40
am (75 km) south of Vijayawada (WMO 43181).
TC 22-77 then turned northward over flat
farm lands while weakening slowly, and the
final warning was issued at 20007 on the
19th.

The combined winds, seas and rains
generated by TC 22-77 killed nearly 10,000
people, left hundreds of thousands homeless
and devastated lands that produce roughly 40
per cent of India's food grains. The tidal
wave was probably the single most destruc-
tive force accompanying the storm. It pene-
trated 10 nm (19 km) inland and washed away
more than 21 villages.

FIGURE 4-36. Infrared photognaph of TC 22~77 at maximum intensity
of 115 kt (59 m/sec), 18 November 1977, 16182Z. 1In the Atabian Sea
TC 21-77 with 65 kt {33 m/sec) winds completing a Loop befone

striking southwesten India.
Suitland, MD)

[NOAA-5 imagery from FLEWEAFAC



3. CENTRAL NORTH PACIFIC TROPICAL CYCLONES

No tropical cyclones developed over the
central North Pacific during 1977 (Table 4-7).

TABLE 4-7. FREQUENCY OF CENTRAL PAGCIFIC STORMS BY MONTH AND
YEAR. (NUMBER IN PARENTHESIS INDICATE STORMS
REACHING HURRICANE INTENSITY)

JAN-
JUN

o

1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
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CHAPTER V = SUMMARY OF FORECAST VERIFICATION DATA

1. ANNUAL FORECAST VERIFICATION

a. POSITION FORECAST VERIFICATION

Forecast positions at initial warn-
ing times and those at 24-, 48-, and 72-hour
times are verified against the best track.
Positions for dissipated or extrapolated

storms are not verified.

In addition to the

overall verifications depicted in Table 5-1,
a separate verification for only Pacific Area
This information is
listed in Table 5-2, for comparison with

typhoons is computed.

TALLE 5-3.

1950-58
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971,
1972
1973
1974
1975
1976
1977

previous years.

by intensity.

and Figure 5-3.

WESTERN NORTH PACTFICA*
48-HR 72-HR

24~HR

170
*117
177
136
144
127
133
151
136
125
105
111
98
99
116
102
116
129
117
140

*267
354
274
287
246
284
303
280
276
229
237
181
203
263
193
218
279
232
266

374
629
418
432
414
337
349
272
308
382
245
351
442
336
390

JTHC ANNUAL AVERAGE POSITION FORECAST
ERROR FOR TROPICAL CYCLONES

INDIAN OCEAN®AX
Z4HR GBoHR

233
305
238
228
204
122 292

*PORECAST POSITIONS NORTH OF 35°K WERE NOT VERIPIED.
#AFOR TYPHOONS ONLY WHILE WINDS OVER 35 KNOTS

#%%1971-1974 DOES NOT INCLUDE ARABIAN SEA

TABLE 5-2. 1977 JTWC ERROR SUMMARY FOR THE WESTERN NORTH PACIFIC

WARNING

24 _HOUR

48 HOUR

This same information is
depicted graphically in Figure 5-1. A compu-
tation of closest distance to the best track
(right angle error) is also calculated.

Right angle error, graphically depicted in
Figure 5-2, is a measure of ability to fore-
cast the path of motion without regard to
speed.
forecasts are available for verification,
and no attempt 1s made to segregate storms
Error statistics for this
area are summarized in Tables 5-2 and 5-3

In the Indian Ocean Area, no 72-hour

72 HOUR

POSIT RT ANGLE
ERROR _ERROR

55
20
19
46
22
16
14
27
38
17
53
19
32

N R N

HARRIET
vy
JEAN
KIM
Lucy
MARY

ALL FORECASTS
TYPHOONS ONLY#*
*WHILE WINDS OVER 35

36
10
16
31
12

#
WRKGS

25

6
14

6
21
21
18
17
16
36

9
38
231

9
30
19
24
20
44
39
59

492
301

FCST
ERROR

108
167

92
211
119

97
121
129
201
144
112
159
200
220
130
198

111
178

RT ANGLE

ERROR

56

#
WRNGS

17

2
10

2
17
17
14
13
12
32

5
34
17

5
26
15
20
14
40
34
55

401
273

FCST
ERROR

84

298

RT ANGLE
ERROR

54
177
83
163
145

192
33

¢

WRNGS

9
]

13
13

FCST
ERROR

163
884

255

RT ANGLE #

_ERROR _  WRNGS

127
447

94
157
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INDIAN OCEAN' FORECAST ERRORS

N\

S~

197 1972 1973 1974 1975
120 i8) (4} ar 6)
Arabian Sea not included prior to 1975

FIGURE 5-3. Mean vector ewvron fon the Indian Ocean Anea;-
number of storms ().

1977 JIWC ERROR SUMMARY FOR THE NORTH INDIAN OCEAN

WARNINGS 24 HOUR 48 HOUR
POSIT RT ANGLE # FCST RT ANGLE # FCST RT ANGLE #
ERROR  ERROR WRNGS ERROR ERROR WRNGS ERROR  ERROR WRNGS

TC 17-77 31 31 4 127 122 —-— —
TC 18-77 21 21 6 92 85 270 250
TC 19-77 45 44 5 77 73 122 68
TC 21-77 41 29 19 153 108 371 250
TC 22-77 30 29 10 96 74 182 161

ALL 35 30 44 122 94 292 214

b. INTENSITY FORECAST VERIFICATION lite analysis techniques have resulted in a
low initial position intemsity error (4.8 kt)
Intensity verification statistics over the past four seasons. This in turn has
for tropical cyclones attaining typhoon contributed to smaller 24-, 48-, and 72-hour
intensity are depicted in Table 5-4. Adher- intensity forecast deviations from the JTWC
ence to a standardized pressure-height versus best track.

wind speed relationship and improved satel-

TABLE 5-4.  JTWC ANNUAL AVERAGE INTENSITY FORECAST ERROR

WESTERN RORTH PACIFICH
WARNING
POSITION 24-HR 48-HR 72-HR

1971 -
1972 15
1973 15
1974 8
1975 14
1976 10
1977 8

AVERAGE 6 12

*FOR TYPBOONRS ONLY
#%1971-1974 DOES NOT INCLUDE ARABIAN SEA
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2. COMPARISON OF OBJECTIVE TECHNIQUES
a. GENERAL

Objective techniques have been
verified annually since 1967, however, year-
to-year modifications and improvements
prevent any long term comparisons of the
various techniques. The analog technique
provides three movement forecasts, one for
straight moving storms, one for recurving
storms and one combining the tracks of
straight, recurving and other storms that do
not meet the criteria as straight or recurving
analogs. However, only the combined is listed
for verification. The analog technique also
provides an intensity forecast for each warn-
ing position. The dynamic objective technique
employs the steering concept of a point vortex
in a smoothed large-scale flow field. A new
technique, the tropical cyclone model exe-
cutes basic equations of motion, computes
streamfunctions and displays the location of
minimum streamfunction center every six hours
to 72 hours. An intensity forecast scheme is
based on statistical regression equations of
analog storms.

b. DESCRIPTION OF OBJECTIVE TECHNIQUES

(1) TYFN75-Analog program which scans
history tapes for storms similar (within a
specified .acceptance envelope) to the imnstant
storm. Three 24-, 48-, and 72-hour forecasts
are provided. In addition, 24-, 48-, and 72-
hour intensity forecasts are provided.

(2) MOHATT 700/500-Steering program
which advects a point vortex on a preselected
analysis or smoothed prognostic fields at the
designated upper-levels in 6-hour time steps
through 72 hours. Utilizing the previous 12-
hour history position, MOHATT computes the
12-hour forecast error and applies a bias
correction to the forecast position.

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

(4) FCSTINT-Intensity forecast pro-
gram which utilizes statistical regression
equations to provide 24-, 48-, and 72-hour
forecast intensities.

(5) 12-HR EXTRAPOLATION-A track
through current warning position and 12-hour
old preliminary best track position is
linearly extrapolated to 24 and 48 hours.

(6} HPAC-Mean 24 and 48 hour fore-
cast positions are derived by averaging the
24 and 48 hour positions from the 12-HR
EXTRAPOLATION track and a track based on
climatology.

(7) 1INJAH74-Analog program for North
Indian Ocean. Similar to TYFN75, except
tracks are not segregated.

¢. TESTING AND RESULTS

It is of interest to compare the
performance of the objective techniques to
each other and to the official forecast as
well. This information is listed in Table
5-5 for Pacific typhoons only and in Table
5-6 for all Pacific forecasts.

In these tables "X-AXIS" refers to
the techniques listed horizontally across the
top, while "Y-AXIS refers to those listed
vertically. As a matter of explanation, the
example shown in Table 5-5 compares TYFC to
TCM. In the 75 cases available for compari-
son, the average 24 hour vector error for TYFC
was 136 nm, while that for TCM was 128 nm.

The difference of 8 nm is shown in the lower
right.

) Figure 5-4 compares JTWC intensity fore-
cast errors with the objective technique
forecast errors. Only TYFC (TYFN75 combined
analog) and FCSTINT intensity forecasts were
verified this season. All forecasts were
verified against JTWC best track intensities.
The number of cases verified were:

FORECAST Z4HR 48HR 72HR
JTWC 401 311 228
FCSTINT 312 246 182
TYFC 293 234 172

Statistics are only available for the Pacific
area.

33kcsTINT
Cd
%0t TYFC
R |

FIGURE 5-4. Comparison of intensity fonecast enrons
forn the Pacific area.
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TABLE 5-5. 1977 OBJECTIVE TECHNIQUES FOR WESTERN NORTH PACIFIC TYPHOONS (ALL FORECASTS)

JTWC

303 144
4 0

-
289 143 NUMBER X-AXIS
149 6 oF TECHNIQUE
CASES ERROR
278 142
141 -0

Y-AXIS ERROR
38 138 TECHNIQUE DIFFERENCE
132 -6 ERROR Y-X

246 145
147 2

222 141 222 162
162 21 162 0

189 142 189 159 189 154
154 12 154 -5 154 0

48-HOUR

JTHC TYFC MH70 MHS0

253 275
275 0 JTWC-OFFICIAL JTWC SUBJECTIVE FORECAST
XTRP-12-HOUR EXTRAPOLATION

242 274 HPAC-MEAN OF XTRP AND CLIMATOLOGY

306 - 33 TYFC~-TYFN75 (WEIGHTED CLIMO) COMBINED
MH70-MOHATT 700-MB PROG

234 270 MH50-MOHATT 500-MB PROG

265 -6 TCM-TROPICAL CYCLONE MODEL

64 304
255 =49

207 277 207 261
261 -16 261 0

188 274 168 246 188 337
337 63 329 82 337 0

158 276 142 245 158 333 158 322
322 46 324 79 322 -11 322 0

72-HOUR

JTWC

194 393
393 0

38 509
454 -56

161 395 162 362
363 32 362 0

137 402 128 364 142 564
561 160 561 197 564 ©

121 407 111 364 124 543 126 520
525 119 527 163 520 -24 520 O




TABLE 5-6.

1977 OBJECTIVE TECHNIQUES FOR ALL WESTERN NORTH PACIFIC FORECASTS

JTIWC

228
407

39
450

184
392

156
580

138
555

407
0

505
~56

412
-20

421
159

424
131

24-HOUR

HPAC

287 167
167 0

243 167 245 163
164 -3 163 O

48-HOUR

TYFC MH70 MHS50

JTWC-OFFICIAL JTWC SUBJECTIVE FORECAST
XTRP-12-HOUR EXTRAPOLATION

HPAC-MEAN OF XTRP AND CLIMATOLOGY
TYFC-TYFN-TYFN75 (WEIGHTED CLIMO) COMBINED
MH70~MOHATT 700~MB PROG

MHS50-MOHATT 500-MB PROG

TCM~TROPICAL CYCLONE MODEL

231 352
352 0

194 353 196 341
343 =10 341 O

72-HOUR

185 391
391 ¢

146 394 162 583
576 181 583 O

127 397 142 569 144 551
553 156 551 ~18 551 O




"3, EVALUATION OF THE TROPICAL CYCLONE
MODEL (TCM)

a. BACKGROUND

A primitive equation tropical cyclone
forecast model based on original wark by
Harrison and Elsberry and developed by the
Naval Environmental Prediction Research
Facility and Fleet Numerical Weather Central
(FNWC) was introduced for testing during the
1976 tropical cyclone season. The model is a
four level, coarse mesh (horizontal grid
increment nominally 200 km), limited area
(28 grid points east-west, 20 grid points
north-south), five parameter model with cy-
clical boundary conditions on the longitu-
dinal boundaries and no-flux conditions on
the latitudinal boundaries. Initial condi-
tions are provided by the FNWC Global Band
NVA model. No interaction with large scale
models occurs during the forecast period. In
August 1977, a "bias input vector" based on
JTWC's 12 hour direction and speed of move-
ment forecast was incorporated in an effort
to improve initial movement accuracy.

During 1977, the TCM was operable using
the 0000Z or 1200Z data bases when tropical
cyclone intensity was 50 kts or greater. The
official 0000Z and 1200Z JTWC warning posi-
tions were used in the initialization of the
TCM. Final TCM output was received at JTWC
approximately 10 1/2 hours after data base
time.

b. COMPARISON OF TCM TO BEST TRACK

Table 5-7 summarizes the mean vector
errors of the TCM 24, 48 and 72 hour forecast
positions as compared to corresponding best
track positions. Sample size was limited by
several factors including:

1. TCM was run no more than twice daily
and only when tropical cyclone intensity was
greater than or equal to 50 kt.

2. A low number of storms occurred in
WESTPAC during 1977.

TABLE 5-7.
VECTOR ERRORS

ALL TROPICAL
CYCLONES

NO. OF CASES

TYPHOONS ONLY

NO. OF CASES
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3. TCM was often unable to track a
storm to 72 hours, therefore output was not
complete. Reasons included model boundary
limitations and loss of clear definition of
center location with time.

c. TCM VERSUS JTWC

Analysis of the mean vector errors of
the 1977 tropical cyclone forecasts revealed
that the TCM forecasts beyond 24 hours sig-
nificantly improved upon the official JTWC
forecast used in the model initialization.
This is depicted in Figure 5-5 (TCM vs. JTWC,
same warning time).

The TCM had an advantage over the JTWC
forecast for the same warning time. It used
the JTWC forecast for initialization, then
added the synoptic data (0000Z or 12002)
analysis which was unavailable to JTWC fore-
casters prior to warning issuance.

A similar comparison was made between
the TCM forecasts and the official JTWC warn-
ing produced after receipt of the TCM output

at JTWC. Both forecasts had access to the
same data base. JTWC also had the TCM out-
put, recent fix data and other aids. Figure

5-5 portrays the JTWC forecast significantly
improving on the TCM (same data base).

In the latter comparison, a JTWC 0000Z +
24 hour forecast was matched against the
corresponding TCM 1200Z + 36 hour forecast; a
JTWC 0000Z + 48 hour forecast was matched
against the corresponding TCM 1200Z + 60 hour
forecast. A match was not possible for the
JTWC 72 hour forecast since the TCM did not
provide output beyond 72 hours.

The sample size was insufficient to
determine how well the TCM forecast erratic
movement or Trecurvature versus nonrecurvature.

d. CONCLUSION

It appears that use of the TCM as an aid
to the official JTWC forecast will improve
the forecast. More stringent testing is

. planned for the 1978 tropical cyclone season.

1977 TCM 24, 48, AND 72 HOUR FORECAST MEAN




€9

TCM vs JTWC

TY (38)56
"»‘;’
w7 SAME DATA BASE ;.’.‘L-.p‘“ s

~ ALL
e SAME WARNING TIME Yy 4

, P

/ o

- 2
P e (70) 27

y 4
y 4

-~
»

N
A
U
T
|
¢
A
L
M
|
L
E
S

(50)-24

.ccotoctoo!ooolALL

. .nt....o..""‘... (54)-41
sssoe

(88) -46

(#) Indicates number of cases
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4. PACIFIC AREA TROPICAL STORM AND DEPRESSION DATA

REST TRACK WARN NG

O] wIND PUSIT WIND
2306002 3.3N 16442E 30 Z.BN 1648 25
2312002 4,1n 16642E 30 3,2n 163.7E 25
231B0O0Z  4,0N 165,0E 30 3.6N }16249E 25
2400002 3,54 165.2E 25 3.8N 16542E 25
2406007 3,2N 165.2E 20 3.9N 164+8E 39
2412007 3,IN 165.2E 15 3.9N 164«9E 3¢
2418B00Z 3,0N 16542E 15 4.0N 164«9E 39
2500002 2.9n 165.1E 15 442N 1649E 25
2700004 3.4N }61.2E 35 3.5N 161e5E 30
2706002 3,9N 160.6L 40 3,9N 160«5E 3¢
2712002 4.4N |60.U0E 45 4,20 159+8E 30
2718002 5,2N 1%9+4E 50 4.6N 159¢3E 30
2800002 5,9N 158.8BE 50 S,3N 158¢9E 55
2BUL00Z  6,4N 15B43E 45 641N 158+3E S
2812002 6,7N 157.5E 40 .60 158¢1E S0
2818002  7,.0N 156488 35 7.2N 157¢1E 4S5
2900007 7.3N 15643E 30 7.3N 156+4E 50
2906002 7,6N 155.7E 25 7.7N 155e7€ 35
2912007 B,2N 155.1E 20 .40 15643 35
291B00Z B.3N 154.BE 20 9.2N ]1533E 35
3000002 B,5N 154.3E 20 Be8N 153e4E 35
300600 B,7N 1537k 20 9.4N 152408 30
3012002 8,8BN 153.1& 15 9.5N 15149 30
3018002 B8.9N }152.5E 15 9.6N 1515€ 3
3100002 9,08 15149E 15 10.0N 14946 25
AVERAGE FORECAS] ERKOR
AVERAGE RIGHT ANGLE ERRUR
AVERAGE MAGNITUDE OF WIND ERRUR
AVERAGE B1aS OF wIND EMROR

NUMBER UF FORECASTS

BES) TRACK WARNING

POSTI WIND  POSIT  WIND
2600002 19,8N 129.3E 30 19,7N 128¢9E 30
2606002 21.1N 129.1E 30 20.4N 129+0E 30
2612007 22,2M 12946E 30 2).8N 1294E 30
2618007 23,3N 130.2E 30 23.2N 12996 30
2700002 24,6N 130¢7€ 30 24.5N 130+6E 30
2706002 25,6N 131.8E 25 25.6M 131:9E 25
AVERAGE FORECAST ERROR
AVERAGE RIGHT ANGLE ERROR
AVERAGE MAGNITUDE OF wIND ERROR

AVERAGE B8IAS OF wIND ERROR
NUMBER OF FORECASTS

ERROKS
ST wiND
47 =35
61 =5
121 -5
18 o
48 to
51 1S
62 IS
79 10
19 =5

6 =10
17 =15
36 =20
36 0
18 5
36 v
21 io

6 20

6 10

117 is
106 15
96 15
199 1o
82 is
12 is
148 10

ERRORS ERRORS
UST winDp POSIT ®IND DST WIND
23 0 21.4N 129.,3E 35 206 -3
42 0 23.7Q 130.7E 35 128 10
26 0 w=ye mem,- bl - ==
18 0 =me~ mee,= it -— .-
8 0 hid o ==
s 0 . .- ae

TROPICAL STORM PATSY

0600Z 23 MAR TO 0000Z 31 MAR

24 HOUR FORECAST

POSI1

35N
47N
SelN

542N
——=

S.1N
Se1N
Seln
641N

73N
7.88

8.6N
Ye1N

Be8N
91N
Y9N
10.9N

lod.vE
lo0.7E
199, 7€

lowest

———m
1549.9E
198.59¢
197.43E
156. 7€

156, 4L
195.5€
155.0E
154,¢E

153.5€
152.0E
15143E
150.9€

150./E

winD
45
30
30

40
“0
40
40

o5
©5
65
20
55
35
45
35

35

48 HUUR FURECAST

£RHURS ERKURS
0S1 WIND POSAT WIND UST winp
132 15 *=¢= Fmei= == e oo
285 15 romym we ee  aa
381 15 memy= e= e e
les 10 Seeem mw e eo
et L TL TR S,
H1 =10 642N 157,9E 45 115 15
79 -5 bu2N iD6.5E 45 96 20
61 [ TeIN 154.4E 45 78 29
s¢ 5 Te4N 153.9E S0 76 3¢
6 35 BeaN I53.7E 70 36 459
17 &0 BeoN 152.4E 70 78 So
38 45 lUgIN i52.8E 75 80 o0
67 30 Ll0«aN iSl.1E 65 22 50
51 35 100N 151.0E 65 ¥u S0
58 15 +=e- Seeiw  wa .- e
125 20 ==o~ - e ee
168 20 ==¢= == e --
124 20 ==q- .- == -
- e emla - o= ea
. em mage - me -.
ALL FOKECASTS
WARNING Zé4=HK 48«MR 72=HR
SSNM  LOBNM  Bane  J63NM
36NM  TINM  S4NM  127NM
11KTS  20KT> 39KIS 24KIS
SKIS  IBKTD 39KIS 21KTS
25 i7 9 9

TROPICAL DEPRESSION 02
0000Z 26 MAY TO 0600Z 27 MAY

24 HUVR FURECAST

WARNING  24=HK

64

POSLT

-

4% HOUR FORECASIH

ERRURS

DST

wIND
Cmegm =m
LN
-
craye ==

——— =
m—— . -

ALL FOKECASTS

48=HR 72=HR

20NM  LOTNM UNM oNM
10NM " 13nmM oNM ONM
OKTS  B8AT>  OKTS  OKIS
OIS BKTS  OKIS  OKTS
1] 2 [ 0

wIND

fe HOur FURECAST

POaL1

Ge®N
HelN
Heln
KegN

POSET

ey

160428
lo2.8€
162.9¢
ioe.ot

155,96
1544
i5).8E
151438

isi.0t

winy

ERROKS
UST winn
luy 0
283 [
280 =S
24 «lv
122 3¢
104 3¢

87 4y

77 45

54 55

f¢ HOUR FURECAST

-

ERRURS

winp

——— - -

LSI

wiNn



14060027
1s12002
1418002

1500002
1506002
1512002
1518002

1600002
lou600Z
1612002
1618002

1700002
1706002
1712002

AVERAGE
AVERAGE
AVENAGE

BEST TRAC

PoSLT Wi
1640N 11649E
16.8N 11646E
1778 116.6E

18.6N 116+4E
19,3N 116.7E
20.1N 117.0E
21.0N 117.3E

R242N 117.7E
23,3N 118.1E
24,3N 118.7E
25.3N 119.5E

26.4N 12046

27.6N 12147€
28.3N 123.2€

FORECAST ERROR

K

ND
40
Sv
55

60
60
55
1]

45
0
«0
35

kLY
25
20

WARNING

POSIT

15.7N
loa6N
17.3n8

1845N
19.5N
20.2N
21.0N

22.1IN
23.2N
24.0N
248N

26480
27.4N
28.5n

RIGHT ANGLE ERHKOR

MAGNITUUE OF WIND ERROR

AVERAGE BIAS OF WIND EHROR
NUMBER UF FORECASTS

1500002
1506002
1512002
1518002

1600002
1606002

AYERAGE
AVERAGE
AVERAGE

B8EST TRAC

POSIT L)
17,78 113.6E
18,7N 112.SE
19.8N 111.8E
20.4N 110.5€

21.2N8 109.4E
22,3N 109,1E

FORECAST ERROR

RIGHT ANGLE ERROR
MAGNITUDE OF wiIND ERRUK

K

ND
30
30
30
25

20
20

116¢4E
11647E
116¢}E

11646E
117+1E
117+0E
117e4E

117+6E
118+3E
119+2€
119+5¢

120+5€
121.8€
123.5€

WARNING

POSIT

17.98
17.7N
19438
19.5n

21N
21.6N

\WERAGE B1aS OF wiIND ERROR
HUMBER OF FORECASTS

114¢1E
112¢8E
111+SE
11049E

109s9E
109+9E

wIND
3¢
3s
35

60
69
60
1)

WIND
25
30
30
25

25
25

ERRORS
vsT
34 -1
13 -Is
29 -20
13 ¢
26 0
6 5
6 10
8 10
12 15
33 15
30 1Is
26 10
13 1o
20 s
ERRORS
05T wino
31 =5
62 0
3 0
58 0
28 5
6l 5

TROPICAL STORM RUTH
0600Z 14 JUN TO 1200Z 17 JUN

24 HOUR FURECAST

winp POSIT

179N 113.7E
1648N 114,2E
19.4N 113.7E

22.0N 117.7€
229N 119.2E
23.7N 118.0E
2445N 119,8E

2547N 120.1E
26.9N 122.2E
270N 123.1E

——=

= IND
45
45
45

o5
50
S5
50

45
45
*5

ERRORS
DST WIND
189 =15
176 =10
223 -5

12 10

65 10

36 15

50 15

42 15

S¢ 2v

78 25

TROPICAL DEPRESSION 04

19N
16NM
108TS

1e

00007 05 JUL TO 0600Z 06 JUL

24 HOUR FURECAST
ERRORS

PUSET
197N 112.2E
1843N 109,8E

wIND
«5
40

65

48 HOUR FORECAST

ENRURS

PUSIT WIND US| winD

111,08 S0 4711 19
Llle9E S0 a8+ 10
il1.0e 50 552 15
119.5€ 50 80 20
122406 45 1oy 20
L2248 #5 94 25
em tmeem e oo e
B .
mem emmpe ee e e
empe  mm ee e
o= wm ee =a
ompm  we  e= an
ALL FOMECASTS
WARNING 24=HM 48-HR T72-HR
YZNM 298NM  BB4NM
T2NM  1TTNM  44TNM
1aKT> 17KFS  23KTS
4KTS aKT> 17KTS  23KTFS
10 6 2
48 HOUR FORECAST
ERRURS

DST
181
242

o-g - -— -
- -— -

- - -

- -— -
.

——y. e - -

ALL FORLCASTS

WARNING Ze=HM 48-HR 72-HR

4ONM
31NM

2118M ONM ONM
Tonm UNM ONM

IKTS  23nT> oxis OKTS
IKTS  23KT> OKTS oKTS

[

2 o 0

POSLT WIND UST wInD
. -

19.
20.

-——
——
-

72 HOUR FURECASI
ERRORS

POsLY
TN LU8.2€
oN L09,1E

-
- .-
- eme,=

winD
40
Su

ost
475
893

{2 HOUR FORECAS]
ERRORS

POSLT

w1lNb

osy

wiNp
15

30

winy



3106004
3112007
31180027

0100004
QLue00z
0112002
0118002

0200004
0206002
0212002
0218002

0300002
03u6002
0312002
0318002

0400002
0406002

AVERAGE
AVERAGE
AVERAGE

2000002
2006002
2012002
2018002

2100002
2106002
2112002
2118002

2200002
2206002
2212002
2218002

2300002
2306002
2312002
231800z

AVERAGE
AVERAGE
AVERAGE
AVERAGE

PO
23,.5N
24, 0N
24,58

25.1"
25,7N
26,5N
27.2n

27.7n
27,78
28,40
29.1N

30.0N
30,4N
30.5N
30.8n

3l.28
31.5N

HEST THACK

sti WIND
140.9E 3¢
140.98 30
140.88 30
140.6E 35
140,38 35
140.7E 35
14048 35
140.4E 35
191.4E 35
142.6E 35
143,26 &0
14356 a5
144.2L 45
145,04V
185.76 35
146438 30
146.8t 30

FORECAS] ERROR
RIGHT ANGLE ERHOR
MAGNITUDE OF WIND ERRUR
AVERAGE BIAS OF wIND EHHOR
NUMBER OF FORECASTS

BEST TRACK

POSIT WIND
20,6N 120.6E 25
20,9N 119+8E 30
21.0N8 119.0E 30
20.4N 118.3E 30
20.8% 117.86 30
21,78 118.2E 30
22.3N 118.8E 30
22.8N 119.5€ 30
23.5% 119.9E 30
24.2N 12044E 30
26,98 120.8E 30
25.7N 121.BE 30
30,1N 125.3E 30
30.7N 12648E 40
31,7N 127.5E 0
31.7N 128.9E 40

FORECAST ERRQR
RIGHT ANGLE ERHOR

MAGNITUDE  OF wiND ERROR

WARN I NG

POSIT

23.2N
23.8N
25,0N

245N
2643N
26..80
27.3n

280N
2745H
285N
288N

30.30
31.0N
30.6N
30.1N

313N
31.6N

POSIT

20478
207N
2144N
21.3N

20448
21.4N
224308
22438

23.3N
24.2N
24.TN
25.8N

29.0N
30.5N
31.708
32.5N

BIAS OF wIND ERHOW
NUMBER OF FORECASTS

140-8E
140+5E
14142E

14043E
19001
140+5E
1409E

1403E
140¢5E
142+6E
142+9E

143+8E
14428
1439E
146+ 0E

Je6e3E
146+8E

WARNING

12096E
120+3€
12000
119+2€

118+3E
119+5€
119¢1E
119<0&

119+2€
119+8€
120+4E
121+5E

124»SE
126+5E
127+2€
128+7E

wIND
3¢
30
30

40
45
45
40

40
3n
30
30

35
35
35
35

30
Jo

WIND

30
30
3s
35

TROPICAL STORM WANDA

0600Z 31 JUL TO 0600Z 04 AUG

ERRUKS ERKOKS ERRUNHS
DST wlNp POSIT wing  UST wiND PUSLT wIND USI winD
19 0 23.8N 1al.JdE w0 126 S deeoN lajayt 50 169 |5
25 0 248N la0.4E 40 103 b £bezi 13B.TE 50 d4d  1n
37 0 26.6N 1e0./E %0 36 S 2f«7N 13943 50 <2L 1o
39 S  26.4N 139.6E D55 B4 20 ZduetN L3IY.3E 65 232 20
3T 10 28.5N 13B.0E 60 155 25 3leah 137.1t 70 3oy 25
21 10 29.0N 139.9E 55 146 2u dle7N 138.8E 60 32> 20
8 S 29./N 140.0E 50 170 1U J2e3N 139,08 55 353 2¢
19 S 314IN 139.5k S0 216 5 3Jde7N 1A0LUE &5 351 15
49 =5 29.,0N lay,7t 35 200 =10 31le2N La2.2F 40 235 g
6 =b 30,5N laS.uk 35 0 =4 et 22 - - .-
24 ~lu  30.8N lab,lE =0 31 5 Tece i - ==
24 =l0 34,6N lab,st 40 205 1V It - - .-
36 =40 34,9N lea6.9E 40 203 11U .- == e
57 =5 ==y Sme,= e es -e Teee=  m= == e
45 [ -— - - - - - ——— - - - -
[ 1] - - ——— - - - - - m—y- - -_— -
[} Q —-— - ——--y -~ - - - — - — - - - -

ALL FORECASTS

WARNING Zda=HR 4¥<HR T2=HR

27NM  129NM 27BNM  446NM

17NM  B4NM  163INM  235NM

SKTS  1oKT> 17kIS  3IKTS

=1K1S 8KT>  17kiS  31KIS

17 13 9 5
TROPICAL STORM AMY
0000Z 20 AUG TO 1800Z 23 AUG

24 HOUR FURECAST 48 HOUR FORECAST
ERRORS ERRORS ERHURS
DST wiND POSIT wIND OST wINO POSIT wIND UST wIND
6 5 2048N 117,3E 40 28 10 214N L14.26 45 339 s
30 0 2143N ll6.1E 40 25 10 <dZ2eaN L1S.3E 45 300 1S
61 5 23,3N 119,3E 45 66 15 <£9e2N 118.7€ 40 115 1¢
T4 5 22.7N L17.7E %0 99 10 2éseN Ll6.4E 30 302 o

37 0 21.3N 11746 30 183 0 225N ll6.4E 35 oSy

T4 0 23.IN 119.0E 35 79 5 2438N 119.SE .35 %22

17 0 24.4N 118.3E 30 139 0 2643V ll8.l€ 30 587

41 0 2340N 11B.3E 35 250 5 24¢7N 117.26 25 44
40 0 25.2N 118,5E 30 64 G ==e~ - e -
a3 0 2649N 120.3E 35 409 =5 <we= - - .-
25 0 272N 121.7E 35 #4046 =9 <=we= - - -
17 0 29.8N 124.3E 35 274 =5 <=—=~a= - == e-
18 [] — - - - —y - - - -
20 =10 ==,= — ae wm cwi= - - -

24 HUUR FURECASY

WARNING 2a=~HH

-

48 HOUR FORECASH

———

ALL FOKECASTS

48-HR T2=HR

38NM  2UINM  446NM  TSSNM

19NM 91N
3K1S LS
«IKRTS 3K
ie i2

66

8%is
-2KTS

M 145NM  285NM
> 9KIS
TS KIS

8

3

Pu
7oeUN
27+2N
2K8+2N

3le4N
30.0N
P

te HOUM FUMELAS]

sL¥
Ls24ut
135.8E
13649€

138.7E
136,20

winu
(1Y)
-1
av

75
B

ERAYKRS
US1 winn
2871 1S
820 20
483 2%
388 a5
553 50

72 HOUR FURECAST
ERRURS

POSLT

226N
23460
269N

LE1.7E
113,28
117.8E
c—e
——
——-

o iNV

40
35
3

DST
854
831
581

WINT



0300002
03v6002
0312002
0318002

0400002
0406002
0412002
0418002

0500002

AVERAGE
AVERAGE
AVERAGE
AVERAGE

BEST TRACK

POgIT wIND
18,58 114.3E 30
18,48 113,3€ 30
18.2N 112.3E 35
17,88 11142 35 18.0N

17,68 110,0E 35 17.8N
17.4N 108.4E 35 17.8N
17.2N 106.7E 30 17.9N
17.0N 105.3E 20 18.0N

17.0N 104+0E 20 17.0N

FORECAST ERROR

RIGHT ANGLE ERROR
MAGNITUDE OF wWIND ERROR
HIAS OF WwIND ERROR

NUMBER OF FORECASTS

1506002
1542002
1518002

1600002
1006002
1612002
1618002

1700002
1706002
171200Z
1718002

1800002
1806002
1812002
1818002

1990002
1906002
1912002
1918002

2000002
20006002

AYERAGE
AYLRAGE
AVERAGE
AVERAGE

BEST TRACK

WARNING

111+2E

1109+31E
109:6E
108¢3E
107+3E

10540

WARNING

PosI¥ wIND PUSIT

212N J43.4E &0 211N
22.4N 143.8E 40 22.2N
23.6N 14%4.1E 40 23.3N

24.8N 144.3E 45 24.8N
25.8N 144.3E 50 25.6N
26.4N 144.3E 55 27.0n
26.9N 144.3E 55 27.7N

273N 14444E 00 27.1N
2Bu2N 144.4E 60 27.9N
29.0N 144.3E 55 28.6N
2943N 143.5E 50 29,5N

29.1N 142.7E 50 28.8N
29.3N 141.7E 50 29.3IN
29,.9N 140,9E 50 29,.5N
31,0N 140.3E 50 30.1N

32.4N 140.2E 45 32,4N
34.1N 140.6E 45 33,78
35.3N 142.2€ &0 35,28
36,9N 144.3E 40 36.3N

39.5N 146.0E &0 39.0n
42,6N 149.2E 35 41.0n

FORECAST ERROR

RIGHT ANGLE ERHOUR
MAGNITUDE OF wIND ERRUR
BIAS OF wiND ERROR

NUMBER OF FORECASTS

142+ 7€
143:8E
l44+3E

144e9E
144+0E
146 94E
144+9€

14493E
144 94E
1449 1E
143+9E

142+2E
141+7E
141+0E
160¢4E

140s2E
14024E
14104E
14346E

14640E
14840E

WIND
30

40
40

TROPICAL STORM CARLA
0000Z 03 SEP TO 0000Z 05 SEP
24 HOUR FURECASY 44 HOUR FORECAST

ERRORS ERRORS ERRURS
057 winp POsiy wikD gy wINU POSLY WING Ug] sIND

53 0 18.1N 111.2E 40 74 5 18.0N L0B.7E S0 274 30
29 0 18.1N 110.¢E * 111 S e
13 0 18.3N 10B.2E %0 108 10 mmyr  me e= e
12 0 18.7N 107.3E %0 1s2 20 B
13 0 178N 105.8E 30 113 10 - .- -
72 0 ==i= =ee,- - . w= - - ee
100 S emyv mea,= -— - - -— - -
129 15 e=ye memgr == aa == .. e=  am
s7 5 wepe waa,w . - - T - - a-

ALL FOMECASTS
WARNING 24=-Hi &4B-HR T2-HR
S3INM  LA2NM  274NM ONM
26NN 46NM  I3NM ONM
3KTS  LoKT> 30kIS  oKIS
IRTS  2oKT> 30KIS  OKIS
9 5 1 ¢

TROPICAL STORM EMMA
0600Z 15 SEP TO 0600Z 20 SEP

24 HOUR FURECAST 48 HOUR FORECAST
ERRORS ERRORS ERRORS
DST wIND  POSIT  wIND DSV WIND  PUSAT wIND UST WIND
39 =10 22.4N 140.9E 45 275 =5 2e.2N 139.26 60 367 ¢
12 0 2641N 143.4E S5 51 0 28:4N is0.0E 65 228 10
21 D 209N 145.1E 55 43 0 29,2N ie2.26 65 68 15

33 =5 29.7N 1a5.9E 50 164
20 =5 30.9N laa.aE 55 161
36 =5 32.3N laS.6E S0 212
ST =5 31.8N lac.*E 45 211

147,26 55 4l¢ 5
Ia7,1E 50 479 ¢
149,26 50 588 o
149.5€ 40 587 =10

13 =10 29.0N 143.9€E S0 63
18 =10 30.4N la3.6E 50 118
26 =5 31.2N 143.4E 50 150
2% 0 32.8N 1e3,1E 50 178

1643.9E 45 197  o-
i43.06 45 i2¢ o
ie3.0e 45 67 35
ie3.4E 45 60 5

30.0N 139.7E 50 146
30,3N 138,9E 50 243
30.6N 138.1E 50 348
33.0N 137.8E 50 394

136438 S0 68U 10
135.96 50 933 15

LT - - ae

37.4N 141.5E 50 245 10
36.3N 1a2,5E 40 398 5

o eme,m  Fe e =
vmm mmeyr e ee ==

- - - -
- -

~n
o
nwo suwnmouw cooo

- men,= - - e Smpa Tew, - - P .

ALL FOMECASTS
WARNING ca=HN &8-MR 72<HR
32NM 20QNMT 165NM  43)1NM
J6NM  LOSNM  JABNM  1BSNM
RIS WKTI>  6KIS 13KTS
«2KTS INTS 418 13KTS
21 17 13 8

67

1¢ HOUR FORECAST
ERRONS
Vg1 wiNp

POgLT

wIND

72 HMOUR FORECAST
ERRORS

POS1T

25430
29.6N
298N

39.3N
4042N
39.8N

——

34400
37.0N

-

.ne"

——

——y

1364t
135,9E
i37,7¢

1504 0E
i51.0t
154.8E
g
183,2E
143.8E

st
369
260
152

628
614
654

355
4ls



2300002
2300002
2312002
2318002

2400002
2406002
2412002
2418002

2500002

AVERAGE
AVEHAGE
AVERAGE
AVERAGE
NUMBER

1606002
1612002
1618002

1700007
1706002
1712002
1718002

18¢0002
18u6002Z
1812002
1818002

1900002
1906007
1912002
1918002

2000002
2006002
2012002
2018002

AVEHAGE
AVEHAGE
AVERAGE

NUMBER U]

AFST TRa

PosT1 w
18,2N 124,.3€
18.8N 12244E
19.2N 120.5E
193N 118.5E
19. 7N 11646E
2042N 114.8E
20498 113.1E
2146n 11163€

22,2N 109.8E

FORECAST ERRO

CR

R

WARNING

POSIY
124+0E 30
122:8E 30
120.SE 30
11950E S0

180N
187N
19.7n
19.3N

19.60
19460
21.20
21.78

2210

RIGHT ANGLE ERHOR
MAGNITUUE OF WIND ERROR
B1aAS oF WIND ERROR

OF FORECASTS

AEST TRACK

Pos1t Wl
15.8N 135,1E
16,3N 134,0E
17,0N 133.3E

175N 13245E
17,78 131.8E
18.2N 131.6E
1B.5N 132.2E

19.2N 132.6E
19,98 132.6E
2141N 132.7€
23.1n 133,.5E

25.2N 134.9E
26.8N 13642E
28.2n 137.8E
29.0N 138.8E

29.5N 139BE
29,9N 141.3E
30,0n 143.4E
30.2N 14643E

FORECAS| ERROR
RIGHT ANGLE ER

ND
35
35
*0

HOR

winD

117:1E 55
115+6€ 55
113.5E S5
111s5€ 50

1099 35

WARNING

PUSIT

15, 7N
16430
1643N

1740
179N
18.3N
18.1N

l19.0n
294N
212N
23428

24 04N
2648N
2846N
2943N

044N
3¢.0N
30.1N
30.6N

MAGNITUDE OF WIND ERRUH
AVERAGE BI1aS gF wIND EMROR

F FORECASTS

135406
13442E
133:1E

132.5E
131+7E
1313E
13242E

132e4E
132¢6E
13248E
133.5€

134.2E
136¢1E
138+7€
138.7€

140-4E
140+9E
14248E
16502€

wIND
30
30
30

TROPICAL STORM FREDA
0000Z 23 SEP TO 0000Z 25 SEP
24 HOUR FURECAST

ERRORS ERRORS
vsT wino POSIT wIND Dg7 WIND

45 HOUR FORECASI
ERRURS

POSLT

wIND

21 0 20.4N 120.0E 40 239 b 219N LiB.VE 50

23 0 20.7N 119,3E 40 254 =10
30 0 21.9N ll6.vE 40 220 =15
28 10 21<IN 115.2E ©0 219 15

29 10 20.3N 112.0E 60 167 25
57 6 amie emmi= me me e-

0
13 § w=er —ee,= -- P
[}

WARNING
26NM
14NM

3KTS
3Kk1s
9

TROPICAL STORM HARRIET
06002 16 OCT TO 18002 20 OCT

24 HOUR FORECAST
ERRORS ERRORS

05T winp POS1T wING  OST WIND

8 =5 1649N 129.cE 50 156 5 |
Il =5 17.4K 128./E 40 172 =5 1
43 -10 16.8N 128.0E 40 260 -10 1

ALL FONECAS
24=HK  4B=HR T72°HR

s

C20NM  454NM
H2NM  146NM
14KT>  L5KTS

2KT> 19KTS

S 1

Dsy
454

oNM
ONM
OKTS
oKFS
0

48 HOUR FORECAST

POSLY
749N 1244 7E
TeaN i24s0E
Te3N i23.6E

6 =5 202N 129,6€ 45 179 =5 23+SN 12B.9E

am, . v, = - - -

N
LY
-

- - - - a=

13 0 20.7N 129.1E 60 202 10 242N 129.3t
18 0 20.7N 129.1E 60 202 10 24¢2N i29.3F
26 =5 21.7N 132.5€ 60 100 10 24.8N i34.9E
16 0 22,5N 132.8E 65 198 15 25:4N 135.7F
30 S 2445N 134.3E ©5 171 15 E7.uN 138.6E
8 5 24.8N 134.8E 60 259 5 280N 139.3€
6 0 27.IN 137.,7E 40 127 -10 300N ie3.6E
61 0 27.8N 138.5E %0 119 =5
5 0 31.5N le5.4E %0 231 0
53 =5 33.4N 149.5E 40 370
19 0 33.8N 147.3E %0 221 5
5
10
s
10

o
[
-

ALL FOMECASTS
WARNING  2a=MK  A¥d-HR 72-Hnr
M TSTNM
12INM  197NM 3 7SNM
IS 1s5K1s
1S 1sKIS

26Nm
13NM
AR1S
onts
19

68

19aNM” 376N

KTS 10K
KT 10K
15 11

ERNURS
LST wiND
462 10
538 o
654 [
382 5
403 15
514 10
326 15
327 20
189 15
245 19
140 5

7

wIND

15

{& HOUR FORECASIT
ERRORS

POaly

wiND

Ds1

I¢ HOUR FUHECAS]

Puas i

1R TN
175N
17e4N

P7e%N
2ReUN
2ueIN
2T+BN

-—y
.——.=

——
——
——

e

120.6L
12043k
i19,4E
132,0c
132.4k
i3z.sb
139,0F

wiNL

b
55
-1

(.11}
[+
65
6v

wing

ERRORS
VST wiNiy
985 15

1154 1)
1268 [
428 >
«79 2%
80 25
407 25



5. PACIFIC AREA TYPHOON DATA

leldouz
1018002

1700002
17v600¢Z
171200Z
1718002

1800002
1806002
1812002
1818002

1900002
1906004
191200
1918007

2000002
2006002
2012002
2018002

2100002
2106002
2112002

AVERAGE
AVERAGE
AVERAGE
AVERAGE

NUMBER OF FORECASTS

2100002
21y000Z
2112002
2118002

2200002
2206002
2212002
2218002

2300002
2306002
2312002
231800Z

2400002
2406002
2412002
2418002

2500002
2506002
2512002
2518002

2600002

AYERAGE
AVERAGE
AVEHAGE
AVERAGE

TYPHOON SARAM
12002 16 JUL TO 1200Z 21 JuL

REST TRaCk WARNING 24 HDUR FORECAST &8 HOUR FORECASIT
POSIT w1ND POSIY wI osekogs Sty ) Srans
] ND  OST wiND POSIT wiND  DST WIND POSLT WIND DST
10,5Nn 1&3.1% 30 1o.4N 128+44F 25 19 =5 1244N 123.0E 35 69 =5 l4s3N 119,2¢ 162 139 .E:D
11,28 12644 35 11,08 127e3E 30 54 =5 128N 122.7E 35 93 =5 Ll4s7N 11H.0E 45 130 -5
12,28 125+2E 40 12,0N 125+5E 35 21 5 14.9N 119,bE 35 62 =5 18
; 3 - 2N 115.26 45 68 -
13.1N 124e4E 40 12.8N 124e4F 35 1B -5 158N 119.1E J5 34 =10 lu:7N ilacbe 50 100 -2
13,4N 12342E a0 13.5N 123«1E 40 B 0 158N J117./E 50 35 0 (B.0N i1343F 55 51 -5
14,2N 122,0E 40 13.9N 122¢2E 40 21 0 10642N 118.¢E 50 T8 0 183N 114.3F 60 i2b =19
15.3N 1204BE 40 15.4N 121e5E 40 41 0 17.5N 117,88 50 133 0 199N 313.7
. . £ 60 leo -
15,8N 119,76 45 16.0N 120+5E 40 &7 =5 18eSN 116.4E 55 155 0 zos‘n 112:45 55 137 -;3
15,9N 11843E 50 16.4N 118e4E 45 30 =5 18e9N 112,8E DS 102 =5 218N i0B.3E 40 193 =39
16,6N 11649E 50 1645N 1168 45 B =5 1B.BN lllecE 50 104 =20 207N i06.6E 40 178 =3¢
17.1N 115.5E 50 17,3N 11S«7E 50 17 @ 197N 111.7E 4S5 120 <30 217N 109.2E 40 98
. 109. -2
17,18 114e01E 55 17.IN 113«7E 60 23 5 183N 108.0E S0 182 =25 znzon 105.08e 35 125 -23
17.2N 113.0E 60 17.2N 11256 60 29 0 1Be7N LU7.3E 50 184 =20 210N 104.0E 25 ‘wo =)
17.4N J12.3E 70 17.3N 112+4E o0 8 =10 1745N 109.9€ 95 122 =15 =eye “e-pe  =a  a- oo
17,78 111.9E 75 17.7N 112+1E 75 11 0 379N lug.fE 0 1S3 - - aa
18,eN 111.2E 75 183N 111e5E 7S 18 0 2042N 109.2E 45 114 -—— e aa
19.3N 1104SE 70 19478 110e6E 70 .25 0 24.3N Lu9.bE &5 280 T
19.5N 109.5E 70 19.4N 109¢7E 60 13 =30 ==e= oo, = oo .- e an
20.2N 10B+5E 65 20.2N 108+7E 60 11 =5 ==i= @ce,~ *= o - e e
20.6N 107.2E 60 20.7N 107+5€ 60 18 0 ==.- ~. em - e ae
21.3N 105.7E 35 2]1.1N 1059 So 16 15 ==.~ L or = ew
TYPHOONS wHIlt wIND OvER 3SKTS ALL FORECASTS
WARNING 24~HR 48-MR T2=HR WARNINL  24=HK a#8=HR 72°HR
FORECAST ERROR 22NM  1IYNMT I2INM  129NM 22NM  119NM” 121INM  129NM
RIGHT ANGLE ERKOR 12NM  TUNM  "BINM  Q4NM 12N TTONM  B3INM  94NM
MAGNITUDE OF WIND ERROR 4KTS JOKTS 1SKTS 23KTS 4K3S  10KT> 15KTS  23KIS
B1AS OF wIND ERROR =2KTS =-9KTS -1SKT5 ~23Kis =2KIS  =9KTS =15KIS ~23KTS
20 17 13 8 21 17 7 a3 8
TYPHOON THELMA
0000Z 21 JUL TO 0000Z 26 JUL
BEST TRACK WARNING 24 HOUR HORECAST 48 HMOUR FORECAST
ERROKRS ERRORS ERRURS
POSTT WIND POSIT wIND OST wiNp PUSIT wIND DST WIND POSLT WIND DST #IND
14,6N 13041 30 lee?n 130¢2E 30 8 0 1646N 127.6E 45 37 -5 18.4N L2e.8E 50 78 =20
1S.IN 12940E 35 15.3N 129«4E 30 26 =5 17.4N 126,3E 40 48 =)0 19¢3N 123,26 S0 78 =30
15.6N 12B.1E 40 15.BN 128¢1E 45 12 5 17.8N 124.,2E 60 87 0 19.9N i21.26 70 103 =10
15,.8N 127.7E 45 15.8N 127+6E 50 6 5 17.1N 124.5€ 60 8 =5 lucaN 121.7E 70 38 =19
16,28 12741E SO 1640N 127+6E S0 31 0 164N 126.6E 60 173 =10 175N 124,06 70 225 =1S
16.6N 12643E 50 1645N 126s5E 50 13 0 17.3N 124,vE 60 66 =20 18.2N 120,46 65 103 -2¢
16,9N 125.4E 60 17.2N 125e4E 55 18 =5 187N 121.9E 65 29 =15 194N 11846 70 86 =15
17.2N 124,6E 65 17.,3N J24+5E 60 8 =5 18.3N 121.0E {0 S0 =10 1BesN 117.38 75 205 -5
17.5N 123+8E 70 17.5N 123.8E 65 0 =5 1845N 120.8E 70 66 =15 19:2N 117,06 75 231 =5
18,0N 123.1E 80 1843N 123226 75 19 =5 19.7N 119.8E 85 21 0 199N 116.0E 90 305 20
18.6N 122.4E 80 18,78 122426 80 13 0 19.8N 118,3E 90 86 5 20e2N il&,7E 95 3e2 30
19.0N 121.5E 80 19.2N 121«2E 80 21 0 200N 117.3E 90 160 10 20s2N i13.8f 95 454 35
19.6N 120+7E B85 19.7N 120+5E 86 i3 =5 21.5N 117.0E %0 150 10 23.2N 115.26e 80 306 3p
19.9N 120.1E 85 20.1N 119.8E 80 21 =5 2148N 117.0E 85 195 15 ==¢- "e-g- - == ==
204N J19.7E 85 20.7N 1196E 85 19 0 22.7N 117.2E B85 182 20 ==e= - ee ee
21.3N 119.8E 80U 21.4N 119+8E 85 6 S5 2045N 120.5€ 85 282 25 ==e=- - e -
22.2N 12062E BU 22.3N 12043E 85 B S 20642N 119.,8E 70 8 20 b
23.,2N 120.2E 70 23.5N 120¢2E 80 1B 10 ==y~ <=eey= "¢« oo - = -
24.2N 120.1E 65 2442N 120¢1E 65 [ 0 === =me, - hendii = w= -
25,20 120.0E 60 25.4N 12020E 45 12 =15 ==y« e=a,m == ee o= o= ® -
263N 119.7E 50 275N 1194E 30 T3 =20 w=p= =cey= == == == Temes  m =m =
TYPHOONS WHILE WIND OVER 35KTS ALL FOMECASTS
WARNING 24-HR 4B-HR 72=-HR WARNING 24=HN 48«HR T72=HR
FURECAST ERROR 1TNM 9TNM  200NM  255NM 16NN 97NM 200NM  255NM
RIGHT ANGLE ERHOR 9NM  SHNM 134NM  1STNM ONM  5BNM  134NM  157NM
MAGNTTUDE OF WIND ERROR SKTS 11KTS '19KTS 13KTS SKTS 1IKTD 19KTS 13NIS
B1aS OF WIND ERROR -2KTS  IKTS  =1KT5S ~1KTS «2hTS  IKTD  «1KiS =IKTS
20 17 13 9 21 17 13 9

NUMBER OF FORECASTS

69

< HOUR Fung(aSi

EHRURS
POSLT WIND  OST winp
1he2N Llasbt 53 109 =5
1heBN L13,3L 55 74 ~=ib
21.%N 111.6E 40 222 ~3%
224N 110.7E 30 2a] =45
20e5N 110.26 &5 4 =gy
208N L11.2E 45 123 -25
213N 109.8E SS 98 =10
218N LUB.3E ey 94 =20

posLY

20.1N
21.08
2243N
201N

1943N
184N
19.6N
19.5M

. --

(¢ HOUR FORECAST

ERRORS

wIND
60
60
75
1]

0s7
84
66
122
B4

122.1€
120408
118.9€
119.0E

173
367
394
491

120.2E
116.1E
115408
113,68

wiND
-25
=25
~10
o

-5
[}

S
20
30



6EST TRACK WARNING 24 HOUR FURECAST 40 HOUR FORECASI
ERRURS ERRORS ERRURS
POST} wWIND PUSIT wiND LST winp POSIT wIND  DST WEND POSLT WIND DSE wIND
2800007 25,5N 130.2E 35 25.4N 130.3tk 30 B =5 294TN I2B.0E #5 55 =5 20e6N 126426 55 206 =40
2B8UO00Z 25,4N 129.8E 40 25,4N 129+9E a0 5 0 258N 128,1E S0 B4 =10 20e9K 125.76E 60 216 ~40
2812002 25,3N 129.4F 40 25.2N 129+3E 45 B 5 25.6N 127.9E 55 115 =10 26¢6N 125.,2E 65 186 =3y
2814002 25,2N 12848 45 25.2n 128.8E 45 O 0 257N 126.%E D0 140 ~40 26s4N 124.0E 60 145 =45
2900007 24,90 12841E S0 24.8N 128+2E 55 B 5 24.8N 125,0E 065 96 =30 253N 123.0E T0 5B =40
2906007 24,68 327436 60 2448N J27+6E 65 20 5 25.2N 12a.¥E IS 116 =25 £beIN 121.8E 80 79 =25
2912004 23,9n 12645E 65 24424 126+4E B0 19 15 23.6N 122.2E 90 14B ~lu 27N 119.1E 65 125 =35
2918007 23.,4N 126.0E 90 23.3N 125¢5E 95 2B 5 22.2N 121.0E 1i0 188 5 22.1N 11841E 95 198 5
3000002 23,28 125.6E 95 23.0N 12548E 95 12 0 21.8M 123.0E V0 162 =10 Zie2N L20.BE 90 240 10
3006002 23,3N 12543E 100 23.3N 125+5E 100 L1 0 22.9N 124.0E 115 174 10 2Zig8N 121.9E 115 287 S0
3012002 23,5N 124+9E 100 2346N 125¢0E 100 8 0 23.8N 122.7€E 90 114 -10 Somen me e eo
301800Z 24.0N 12444k 10> 2440N 12442E 100 11 =5 252N I21.4E 90 69 0 e
3100007 24,5M 12346E 110 2443N 1234BE 110 16 0 25.5N 121.2E kU0 119 20 ==e= ==cee == oo o=
3106007 25,0n 122.6E 105 25,0N 122e8E 110 11 S5 269N E1BecE 60 1)4é =5 == "ecye = o= ao
311200Z 24.9N 121«4E 10U 25,30 121+3E 105 24 § e=ec o=me,m  Fo me s el "eas we ee an
3118007 24,BN 12042E 90 25.3N 119¢BE 95 3T 5 ==4= =ee,= =c oo es emge feope  @c e, e
010000L 24,9N 119.1E 80 24.9N 119¢2E 90 5 10 ==.= - em e Temes  wm  ee -
0LVv600Z 25,0n 118.0E 65 24.9N 118e3E 65 17 0 ==.= - == e- Seme=  ®e  ee e
TYPHOONS whILE wIND QVER 3SKiS ALL FOMECASTS
WARNING csa=HR 4B8=-HR T2=HR WARNING 24=HN  4B=HR T72=HR
AVERAGE FORECAST ERROR 14NM  JZINM  L74NM  180NM 14NM  121NM° 174NM  1BONM
AVERAGE RIGHT ANGLE ERHOR BNM  72NM 123NM 162NM BNM  T2NM  123NM 162NM
AVERAGE MAGNITUUE OF WIND ERROR 4KTS  LeKTS 33KTS 25KiS 4KTS  14KT> 33KIS 25KIS
AVERAGE B1AS OF WIND ERROR 3KTS  ~9KTS =20KTS -25KiS 3KTS  =9KT> =20KTS ~25KTS
NUMBER OF FORECASTS 18 14 lo 6 iy s 10 6
TYPHOON BABE
0000Z 02 SEP TO 1800Z 10 SEP
BEST TRACK WARNING 24 HOUR PURECAST 48 HOUR FORECAST
ERRORS ERKORS ERRURS
POSIT wIND POSIT wihy UST wiNp POSTY wIND DST WIND POSLT WIND UST WIND
020000Z B,3N 14446E 30 BeON 144e5E 30 19 0 103N 139.3E 40 46 U I3¢1N 134.0E 45 143 =15
0206002 8,5N 143.0E 35 B.7N 143+0E &0 12 5 1leIN 137.7E 50 48 5 140N 132.6E 60 195 o
0212002 8,9N 141.5€ 35 9.2N 141.8E 40 25 5 2,0N 136.7E D0 88 0 143N 132.2E 60 209 o
021800Z 9.4N 140.1E 40 9.5N 140-SE 40 24 0 11.9N 135,/E 50 83 =5 14.3N I31.0e 60 210 o
0300004 9,8N 13847€ 40 10.0N 139<0E -40 21 0 118N 133.0E 50 72 -10 134N 128.6E 60 236 ¢
030600Z 10,4N 137.3E 45 10.3N 137eSE 45 13 0 1243N 132.¢€E 55 110 =5 144N 127.26 65 305 5
031200Z 10.7N 13640E 50 10.8N 136+3E 45 19 =5 ]2,8N 131.4E 55 133 =5 150N i26.5€ 65 321 5
0318007 10,78 135406 55 11.3N 1352 45 38 =10 13.4N 130.4E 55 173 -5 losIN 125.4E 65 358 5
0400007 10.78 13441€E 60 11478 134e4E 50 62 =10 13.5N 130.3E 60 165 0 15.5N 126.3E 70 259 5
0406002 10,AN 133¢3E 60 10.7N 13400E 60 42 0 10.9N 131.1€ b0 6 20 12.0N 427.S5E 100 183 30
0412007 10,8N 132,4E 60 10,88 132,6€ 60 12 0 10.9N 128.9E 80 83 20 LI.SN 125.7€ 90 296 15
0418002 10,9N 131.9E 60 10.8N 131+8€ 60 B 0 11e0N 128.cE B0 124 20 1ieSN 125.4E 90 329 1o
0500002 11.0N 131.SE 60 10.9N 131+6E 60 B 0 112N 128.3E (0 159 5 1Lle9N 125.0E 65 354 =20
0506002 10,98 131.0E 60 10,9N 130s7E 60 18 0 11.3N 127,56 10 215 0 LsIN 126.2E 55 410 =40
0512002 11,18 130.3E 60 1]1.0N 130.3E 60 6 0 1143N 127.6E 70 249 <=5 12:3N 124.1E 60 427 =55
051800Z 12,1~ 13040t 60 11.1N 12999E 60 60 0 11e6N 127.3E 70 271 =10 12e4N 12442E 60 464 =55
0600002 13,2N 130.1E 65 13.2N 130.1E 70 0 5 16.2N 12847€ B0 30 «5 18.7N 125.2E B85 160 =S
060600Z 14.2N 129.7E 70 lasIN 129¢8E 75 B8 5 17.2N 127.3E 85 46 =10 1942N 123.7E 90 218 =40
061200Z 15,2N 129.1E 75 15.0N 129+3E 75 17 0 1843N 126.7E B85 63 =30 20e6N 233 90 210 =40
061800Z 15.9N 128.8BE 60 15.9N 128+8E 75 0 =5 190N 1206.4E 75 69 =40 <Z1:8N 123.6E 80 216 =4S
0700002 16,7N 128.6E B85 16.4N 128s7E 80 19 =5 19.2N 126.4E Y0 93 =0 21e9N L123.4E 100 273 =20
0706002 17,78 128+43E 95 17.7N 128«2E 90 6 =5 212N 125.,8E 100 S7 =30 23.IN 123.4E 110 293 =5
0712002 1B.5N 127.8E 115 1B.SN 127+7E 100 6 -15 21.5N 125,0E 11S 103 =15 236N i21.8E 110 422 o
0718002 19.5N 127+5E 115 19.4N 127+4E 105 8 -0 22.7N 125.¢E 1iS 121 =10 253N i21.5E 110 412 5§
0B0000Z 20,58 127436 130 20.5N 127«1E 130 11 0 2%.0N 125.4E 130 144 10 27+2N $24.8E 125 211 20
0806007 21,4N 126,BE 130 2}1.3N 1264BE 130 6 0 24.8N 125.4E 1¢5 174 10 2B.0N 125.0FE 120 178 25
0812007 21,9N 12648E 130 22.1N 12646E 130 16 0 25.5N 125,26 1¢S 205 15 28e6N i25.2F 120 lse 35
0B1B00Z 22,6n 12744E 125 22.5% 12740 130 23 5 25.5N 127.2€ 1¢0 224 15 28.7N 127.8€ 115 330 45
0900002 23.6N 128+0E 120 23,7 128.0€ 130 6 10 27.3N 129,9E 1¢0 315 15 ==e- .- e e
090600Z 25,0N 128.6E 115 25,08 128¢4E 125 11 L0 28.8N 129.6E 115 307 20 w- e e
0912002 26,9N 128.7€ 110 26488 128+9E 125 12 15 31.8N 130.5 lie 368 25 .. e e
0918007 29,2N 127.9€ 105 29.1N 127+9E 125 6 20 35.TN 122.¢E Y0 251 20 .. == e
1000002 30,7N 125¢3E 105 30.7N 126¢0E 120 36 15 =cee @ea,® ==  we o= - ee ea
1006002 30,98 124.2E 95 3p.78 124<1E 110 13 1S ey e es a- o= ee ea
1012002 31.2N 123+3€ 85 31.2n 12340FE 100 1S 1S manym v ee we e e ea
1018002 31.5N 122.3€ TV 31.5N 12200E 85 15 U5 =~=y= =ea,=s = oo .- D
TYPHOONS wrILE wIND OVER 3ISKTS ALL FOMECASTS
WARNING 24-HH 48-HR T2-HR WARNING 24=HK 4B<HR T72=HR
AVERAGE FORECAST ERROR 17TNM  J44NM’ 2TINM  45BNM LINM  134NM~ 279NM ~ 45BNM
AVERAGE RIGHT ANGLE ERRUR 11NM  9SNM  192NM  324NM LINM  O5NM  192NM  324NM
AVERAGE MAGNITUDE OF WIND ERROW 6KTS 13KTS 2I1KIS 26KTS 6KTS I3KTY 21IKIS 26KTS
AVERAGE BIAS OF WIND ERROR 2KTS  =1KTS . =6KTS =21KTS 2KTS  =}KTD> =6KTS =21KTS
NUMBER OF FORECASTS 35 32 28 23 36 32 28 23

TYPHOON VERA
0000Z 28 JUL TO 0600Z 01 AUG

70

7¢ HOUR FOHECASI

ERROHS
POSLT wing  0ST winp
2R.5N 123,98 o5 239 -4
2B.5N i23.8L 70 219 -3
27BN 122,98 7> 191 =25
27.3N 121.56 7u  le5 -20
26+2N 120,76 75 1ll6 =5
27430 45 150 =20

119.1E

.y

T2 HOUR FORECAST

ERRORS

POSLT
165N 1284 7E
17.0M i27,7€
17.3N 127.7€
16.6N 126.1E

2443E
22.9E
21.8E
20.5E

WEIND
50
i
70
70

DSV
366
411
400
asi

1545N
164N
18.3N
18+9N

363
408
457
506

348
352
*56
92

553
595
610
650

1778
143N
12.9N
13. 1N

22.6E
23.3E
22.4F
22.1E

13.3N
1346N
135N
13.78

21.2E
20.3E
20.7E
20,8E

21.0E
19.4E
19.5€
20.3E

2043N
20+4N
223N
23.9N

435

S70
518

241N
2642N
268N

12040E atia
319

326

-

577

wiNp

-10
i0
i0
10

5
-]
[}
-5

-5
15
-30
=30

-75
-840
-840
-75

-30
-25
-20
-0

-15
=10
-5



TYPHOON DINAH
1200Z 14 SEP TO 1800Z 23 SEP

HEST TRACK wARNING 24 Hyul FURECAST 48 HOUR FORECAST e MOUH FORECASH
ERRUKS ERROKS ERRORS LRRORS
pPos1! WIND PUSIT wIND DSY WIND POSLI WIND UST WIND POSLT wIND OST ®minD POSLT WIND DST wINn
1412004 21.,4N 12748E S0 21.58 127«9€E 30 B ~C0 223N 122,4E 45 245 <15 243N L19.1E 35 376 "1h  2644N llbest 30 450 =20
1818002 20.5N 12642E 55 207N 12676 30 30 =<5 20.3N 121.4E 45 1850 =10 <2le3N 518428 50 277 0 22.5N 115,3t S0 31 =5

ASUU00Z 19.4N [24e6E 60 133N 124¢4E 50 13 =10 19.4N 11B.¥E ©0 140 20 ZLle)N 1)5.2E 66 263 )0 23.0N hll.bk 39 433 =2%
15060002 1B,7N 123.6E 65 18.8N 123+6F b0 B =5 19eIN 119.eE ©5 116 20 <20e8N 115.6E 60 <200 10 22.9N 111.9E &> 412 -1%
15120072 18,2N 122.6E ©0 18.3N 122+6E 70 6 10 1H.IN 118.cE /0 62 20 194IN 1la.dE 80 157 30 Z1.0N 120.2E BU 443 20
E51800Z 17.8N 121.1E S5 17.8N 121<4E 65 17 10 180N 117.2E 70 73 20 19¢3N 11343E 80 208 2% 21.38 109,85k 75 «73 1o

1600002 17,30 1200t 40 17.30 120+0E 60 0 20 17.4N lla.0E 80 98 30 lBsIN LU9TE 75 420 15 1H.6N lUs.3E 60 70 =5
1ou600Z 17.2N 119e0E 45 17.4n 1193E 55 21 10 175N 114.1€ ©5 120 15 L78N 109.0F 60 48é 0 1R3IN l0s.6E S> BOO ~1lU
1612002 17,1N 117.9E 50 17.2N 118¢2E SS 18 5 1745N 113.8E 65 109 15 18eIN §09.4E 60 «79 0 198N 05,4t 955 160 -i0
1018002 16.8N 117.,0b S0 174,28 117¢0E %5 24 S 17a5N 112.,8E 65 200 10 L¥e2N 108.7t 60 531 =5 19.7N 104,86k 4> dus =25

J70000Z 16.BN 11602 50 168N 115¢BE 60 23 10 167N lll,0t ©5 323 S 17+0N L0749E 60 015 =5 JHe@N 100.3E 30 854 =45
1700002 17,5N 11642E 50 17.2nN 116+4€ o0 21 10 175N J13.3E 55 245 =5 18e4N il0.0FE 50 490 =15 19,7N 106,9t 40 697 =35
1712007 16.9N 1105¢6E 50 17.3N 115¢8E 60 26 10 17.7N 112,vE 55 288 =5 1Be4N 109.6E 50 936 =15 19,YN 106.3E &t 718 =30
I74B00Z 17,3N 11643E 55 J7.4N [152E 55 63 0 179N lic.«E 50 329 =15 18eS5N 109.5E 5 Sa7 =25 19.9N $06,4L v 70) =2%

180000Z 18.0N 117+1E 60 17.2N 117-3E 55 49 =5 19.1N 115,88 60
1800007 16.4N 11T745E 60 18.9N 117+2E 55 B =5 20.S5N llo,«E 60
1812002 19,08 117.8E 60 19,0N )117.6E 60 k1 0 21.2N l1d.0E 09
1818002 19,4N 118.0E 65 19,58 117+9E 60 8 =5 21.6N lld.cE 60

1leel€ 55 293 =20 2246N 1llent &0 399 =2%
LlaebE S0 301 =2% ==y= ~=v,= == =o o
117.0E 60 236 =10 22N J17.4L 45 388 =I5
118.0F 50 256 <15 26¢3N 117.8t 45 4oy -10

1900002 19,6% 11844E 65 19.88 118038 00 13 =5 21.6N 119,48 o0
1906007 19,6N 1168.7E 65 19.9N 118¢6E 60 19 =5 21.6N 119.0E b0
1912004 19,6N J119.0E 65 20438 118+9E o0 42 =5 2Z41N 119.8E 10
1918002 19,.8N 119.1E 70 19,98 11906 &0 8 -10 21.2N 119,88 10

LI945E 50 247 =15 26.5n 119,26 45 523 =%
B19.8E 50 &R0 =15 263N Llb.pt 35 554 «Ib
12041E 65 J10 5 26.0N 119,08 60 619 15
12000E 65 329 10 25.0N 119.5t 6u 631 1>

2000004 20,18 11943E 75 20.0N 1191 65 13 =10 21.3N 119,8E [0

! 120.0E 65 374 15 25.0N Lly.4t 60 593 20
200600Z 20,2N 119.3E 75 20.2N 1194 7o 6 =5 Z2l.4N 120,36 /0

120.0E 65 439 15 24.7N ilg.0E 60 721 2%

2012002 20,2N 119.1E 70 20.3N 11954E 70 1B 0 2l.0N 120.1E 10 120,26 65 479 20 241N 120.0E 60 824 a0
201800Z 20,2N 118.9E 65 20.2N 118%E 70 0 5 2046N 119,88 70 12043 65 538 20 23.9N 120,06 60 892 3>
2100002 20,0N 118.4E 65 19.9N 118«8E 70 23 5 20.38 1l19.9E &0 121.1€ 55 631 15 - ee ==
2106002 19,8N 317.8E 65 20.18 118¢0E €5 21 0 2l.6N 117.,9E o0 118.4E 55 657 20 - e ==
2112002 19,7N 117.3E 60 19.7n 117+3E 65 0 S 19.,7N lla.sf b5 113,0E 45 %49 25 L
2118007 18,9N 1164E 55 19.6N 1164+2E 65 43 10 19.8N 113,uE 55 il1.1E 45 468 20 -= - =-
2200002 18.4N 115.7€ 50 18428 115¢6E S5 13 5 16.0N L13,6f 45 ey me == aa - .o wa
2206007 17.8N 114e8E 50 177N 114¢9E 55 8 5 161N Lil,¥E 45 R - ee ==
2212007 17.IN 113,98 45 [7.2n 113+9€E 60 6 15 15.IN 110.9E 50 L B
2218002 16.3N 113.1E o5 le.5n 113+1E 60 12 15 153N 109,8E >0 ceemer = e e = = =

2300007 15,5N 112e3E 40 15.7N 112¢4E S0 13 1o
230600Z J4,7N 11144E 35 14.7N 110+8E 50 35 15
2312007 13,78 110+4E 20 )4.0n 110+1E S0 25 30
231800Z 13,1N 109.1E 25 13.5N 108BeS5E 35 42 10

- - - -

-, e .- e=
-
can,- - - ==

TYPHOONS WHILE WIND OVER 3SKIS ALL FORECASTS
WARNING 24~-HH 48<HR TZ-HR WARNING 2a~HK 4B=-HR T72=HR
AVEHRAGE FORECAST ERROR 18NM  161INM  391NM  S5Y2NM 19NM  259NM~ 396NM  613NM
AVERAGE RIGHT ANGLE ERROR 1INM  JO7NM  C55NM  409NM 13NM  106NM  254NM  398NM
AVERAGE MAGNITUDE OF WIND ERROR BKYS 11KIS  J4KTS 1BKIS 9K1S T12KTd I5KIS 208TS
AVERAGE B1aS OF wIND EMRDR 2KTs SKTS IKTS  =9KIs 3nTS 6KT> 3KTS  =6KTS
NUMHER UF FORECASTS s 32 28 23 a8 3a 30 25

71



030000/
0306900Z
0312002
n3i8002

ga0U00Z
04u6002Z
0412007
0418002

0590002
0500002
0512004
0518002

0600002
0oub00Z
0612007
0618002

070000Z
0/veQ0Z
0712002
QTiBoOZ

080000Z
0Bu600Z
0812002
08l800Z

0900002
09y6002Z
0912002
0918002

1090002
1000002

AYERAGE
AVERAGE
AVERAGE
AVERAGE

21v600Z
2112002
2118004

2200002
2206002
2212002
2218002

2300002
2306002
2312002
2314002

2400002
2406004
2412002
2418002

2500002
2506002
251200
2518002

2600007
20606002
2612007
2618002

2700002

AVEHAGE
AVEHAGE
AVEHAGE

PO
16,5N
168N
17.5N
17.8n

18,0N
18.6N
19.3n
20.0N

20.6N
21.2N
21.BN
2244N

23,0N
23.8N
24.4N
25.2N

26.2N
274N
28,5N
29.7N

30.9N
32.3n
33,4N
34.5N

35.9N
37.3N
38,7N
40,0N

40, 9N
41,6N

#EST TR

ST1
155.8E
156«4E
1564 6L
15642E

15545€
1554 1E
154#5E
153.7E

152.9E
151+8E
1514 0E
1504 3E

149.7E
149.2¢
148.7E
148 2E

187.7E
147.4E
147.3E
147,.3L

147.5E
14842E
149.3E
150.5E

15158
153.1E
155.3E
15844E

16244E
166,8E

ACk

wWIND

FORECAST ERROR
RIGHT ANGLE ERRUR

MAGNITUDE OF wlIND ERRUR

TYPHOON GILDA

0000Z 03 OCT TO 0600Z 10 OCT

WARNING 24 HUUR FURECAST
ERROKS ERRORS
PUSIT WIND  UST wiND POSIT wINO  DST wihd
l6e7N 155.7E 30 13 0 2042N 152.2E 35 228 =5
17.5N 155¢5E 30 66 B 203N 153.9E 35 122 =5
17.70 155«BE 30 &7 0 19,8N 15S.,vE 40 41 =5
IBe2N 156+1E 30 25 =5 20.2N 1SS.8E 40 118 =)b
18.0N 155¢8E 30 37T =10 19.6N 155.9E 40 179 =25
184N 155¢5E 40 37 0 19.0N 155.¢E 50 232 ~15
18+2N 155+4E 40 83 =5 19.2N 1S5,1€ 50 277 =15
20.1N }153¢6E 45 B <10 22.4N 151.1E S0 a4 =15
2048N 152+4E 45 30 =20 239N 143.8E 90 73 =10
21438 15)e4E 65 23 0 24.5N l48.0E /S 53 I
2242N 15062E 65 50 0 25.2N lac.’E IS 119 15
22.5N 149e7E 65 34 0 261N 146.8E 60 93 ¢
23.3N 15040E 65 2¢ 5 26.7N 149.9E 60 101 ©
24.0N 150.0E 55 45 =5 27.3N 15}.vE 45 191 =20
24.9N 14941 %5 37 =5 2B.4N lay,lE »S 95 =2¢
25.0% 148+0E 55 16 =% 27.9N la46.9E 45 10 -2¢
25.6N 14B8¢1E 60 «2 0 28.TN la7,%€ 60 13} =10
2648 147¢3E 60 36 *5 30.5N la7.1€ 55 121 =10
2B.7N (472 00 13 =5 34.2N la8.7E 55 S6 =10
29.6N 146¢8E 65 27 0 35.0N la48.vE ©0 126 0
30.8N 147+6E 65 B =5 36,2N 150.2€ 45 65 =10
31e9n 147+7E 65 35 0 36.8N 151.0E 4S5 104 =5
33.5N J4B29E 65 21 0 39.3N 154,5E 95 52 v
3448BN 150¢9E 60 27 0 38.5N 159.9€ 40 113 0
35.4N 1519E 60 36 5 38.6N 158.5E 45 226 S
36.3N 153+3E 55 60 5 39.5N JE 5 320 15
38.7N 155+3E 50 0 5 ~=e- - e ==
40e2N 157+0E 45 65 5 == e e= ==
#1.3N 160+2E 40 102 0 ==¢= owe,= - - ==
42,8N 164¢3E 40 132 10 ==¢=e ===,- - .. ==

BIAS OF wIND ERROR
NUMBER OF FORECASTS

REST FRACK
PosIT WIND
16,6N 147,58 30
17.1N 147.3€ 30
17,5N 146.,7E 35
17.58 145.9E 35
17,38 145,1E 40
17.0N 145.4E 40
17.2N 146,26 &5
17.98 146.7E SO
1Bo4N 147+5E S5
19.3N 148.2E 60
20,4N 149.0E 65
21.3N 15042 70
22,0~ 151e6t 75
23.2N 152.4E 75
24,38 153.5E 85
25434 154436 90
26,3N 155,06 90
27.3N 155,5E 90
2B.IN 155.9E 85
28,88 15603 85
30.2N 157,26 10
32,3N 158.6E 55
34.8N 160.3E 45
IT.IN 162.86 35

FORECAS| ERROK
RIGHT ANGLE ERROR

MAGNITUDE OF wiIND ERROR

AVERAGE JIAS OF wIND ERROR
NUMBER 'OF FORECASTS

WARNING 24~HR 48-HR 72-HR WARNING 24=HN &8-HH 72-HHK
3I5NM  123NM  19INM  272NM JONM LIONMT 198NM  29ahM
19NN 5BNM " BTNM  142NM 22N DANM  BONM  139NM

4KTS 10KTS 12KTS 10KTS 4KIS  1OKTD> 12KTS 10KI>
«2KTS =7KTS ~12KTS -10KTS ~2hTS  =6KTS =11KTS =9KTS
26 25 21 17 30 26 22 18
TYPHOON IVY
0600Z 21 OCT TO 0000Z 27 OCT
WARNING 24 HOUR FORECAST 48 HUUR FORECAST
ERRORS ERRORS ERRORS
POSIT wIND DST WIND POSIT wWIND DST wIND PUSLT WIND US1 #IND
1648N 147e3E 25 21 =5 196N laT.cE 45 182 5 <Z¢edN 147.3E S0 263 =5
173N 147+7E 30 26 0 20.2N 148,26 45 248 b 23.3N 148,36 55 239 -5
17.2N 147¢3E 30 39 =5 193N l47.¢E 45 138 U <Cle7N 147.4E 55 118 =10
180N 147¢0E 30 ©9 =5 20.2N la7.,uE 45 138 =b 23¢3N 147.,6E 55 187 =15
17.3N 145¢3E 35 11 =5 1B,7N 143.7E 45 216 ~10 20¢3N 1e2.6E 55 511 =2¢
17.5N J44+6E 40 S5 0 179N 143.¢cE 50 295 =10 182.0 55 617 =20
17.3N 14601E 45 8 0 18.3N 145,¢E 55 248 -10 143.9E 60 595 =25
17.8N 146+7E  So 6 0 19.7N lab.sE D5 233 =15 L14b.4E B0 470 =30
17.8N 147+1E S5 42 0 19.8BN 147.bE 05 249 =)v 147.5¢ 70 476 =20
184BN 14709 60 34 0 2J3.IN le9.cE /5 176 ¢ i51.96 75 201 =15
20.2N 14Be4E 60 36 =5 25.1N 150.vE 75 196 -lv i5¢.1€ 75 192 =190
21+8N 150+3E 65 30 =5 27.3N 153.0E /5 122 =15 159.0E 75 ¢5b -19
2146N 151¢8E 70 26 =5 25.1N 156./E /5 116 =15 16le4E TO 218 o
23.2N 152¢5€E To S =5 29.0N 155.5E 70 102 =-2¢ i62.1E 65 212 1o
25.0N 154«4E 80 64 =5 32.2N 159.cE 95 298 10 169.0E B85 #41 40
25.4N 154¢5€ 80 12 =10 29.4N 156.2E 85 36 O 158.8E 75 285 40
26,48 156+4E 90 33 0 3U.TN 155.06 85 88 1S e = es ea
27.28 15502E 90 17 0 30.8N 156.0E B0 128 25 - e ea
CT+8N 156+4E 90 32 S 3le2N 199.7E B0 217 35 - o= e=
29.4N 156¢3E 8BS 36 0 33.7N 159.4E T0 290 35 Semes  we == e
300N 1570 B85 16 15 emie wee,s  Fm ao m- e N
31¢3N 1SBe3E 75 62 20 eme= ~=m,= "=  ae == Terew @ es ew
32.6N 159¢4E 70 139 €5 eme= mea,s  Ce - == R
39438 164¢9E 50 137 15 e=ie eeeye  To ee - Temem  wm ee ew
TYPHOONS wHILE wIND OVER 35KiS$ ALL FORECASTS

WARRING 24~HR 48-HR 72=HR WARNING C4=HK 48=rR  T72=HR
41NM  [BONM  330NM 4 08NM 4ONM  LBENM  330NM  408NM
23NM  77NM  167NM  24LNM 22NM  TTNM 167NN 24]0M
6KTS 13KTS J7KTS 23KiS 6RIS  A3KT> LTRSS 2380
IKTS  IKT3  =ek¥S ~15KIS IKTS  IKTD>  =6KIS =15KTS
22 20 16 12 24 20 i 12

TYPHOONS wHILE WIND OVER 3SKTS

72

4t HOUR FORECAST

EHRURS
POSLT WwIND UST winD
224N L48.8F 40 260 =25
22eaN L151.6F 40 T3 =25
Cle?N Lb3,6E 45 144 =20
22e2N I55,0E 45 26U ~29
2le6N 155,3E 45 321 ~15
2045N L54,6F 55 358 -5
2UsTN 154,56 55 389 =5
244N 148.9E S5 42 ~5
2745N 14T.26 55 82 =5
2748N 148,56 65 63 ¢
2840N 146.1E 65 67 9
3040N 147.08 55 2e =10
307N 151,86 50 221 -20
31.0N 154,3F 35 320 =30
31e2N 5243t 40 201 =25
047N L43,9E 40 22Y =20
32.8N 14G,1E 45 <220 =10
334RN L169.TE 45 266 =5
39.7N L156.5E 45 70 0
@0e3N 1D4.3L 45 18y L]
4140N 157.6E 35 217 -5
343N I58.9E 35 354 5§

ALL FOHECASTS

1¢ HOUR FORECAS}

ERRORS
Pos1Ll wiNUD  UST wiNn
29. 7N 146.0E &5 258 =19
244N 149.0E 4> 36 =15
237N 152,28 50 195 =10
263N 154.,9E S50 367 -10
235N 1b4,9E S0 422 =10
223N 153,99 60 4656 =5
224608 153,09t 60 497 =5
27.70 JaT7.8E 6u 122 =5
310N 1aT,6E 5% 8 ~15
3tedN iS51.3E 55 173 =10
33.2N $48.6E 55 37 =19
37,6N 150.8E 50 1le ~10
YN 157,00 40 295 <15
347N 159,68 30 350 ~20
334BN t56.9E 35 303 -0
33.2N 1b4.Bt 35 a4} =b
35N 153,26 35 533 =g
3heUN ID4.2E 35 614 5

7¢ HOUR FURECASI

ERRURS

PusLl WiNU  LSY wiND
258N 149,28 SU 262 -2%
2643N 150,26 55 220 =20
24+6N teB. 8t 55 256 -3¢
27.0N A49,1E 55 297 <35
223N 1424.2E b5 736 -39
223N 141.7E 55 ©su5 -3
2246N 143,6E 60 Tay =25
25.0N 186.8L 63 954 =20
25.0N 147.9E 15 sH2 5
3442N 158.3E 60 114 5
35.8N i61.7E 60 91 15
36e4N 167,60k 60 240 25

_——
o -
cen,-

——— -



2812002
2818002

2900002
2906002
291200Z
2918002

30000027
3006002
3pl200z
3018002

3100002
3106002
3112002
3118002

0100002
0loe002
0112002
0118002

0200002
0206002
0212002
0218002

0300002
0306002
0312002

AVERAGE
AVERAGE
AVERAGE
AVERAGE

REST TRACK

PoSTT

19.4n
19.8N

20.4M
20.8N
21 . 4N
22.1n

22,90
23.5N
24 ,4N
2443N

24,2N
2446N
25,0N
255N

25.8N
26,0N
26,2N
26,3N

26,5N
26.9N
27.1N
27.4N

27.1N
26.4N
25.8N

FORECAST ERROR
RIGHT ANGLE ERROR
MAGNITUDE OF WwIND ERRUR

156.9E
156.5E

156+ 2E
156.2E
15646E
157.0E

157.3E
158.0E
15846E
157.SE

15643E
15449E
1534 4E
151.5€E

1494 4E
147.8E
146.8E
146.3E

1464 0E
14642E
146.4E
146e4E

146.7E
146.3E
145.6E

WIND

30
35

40
S0
60
[-13

65
60
55
50

TYPHOON JEAN
1200Z 28 OCT TO 1200 03 NOV

WARNING 24 HOUR FURECAST
ERRORS ERHORS
POSIT WIND UST wiND POSIT wWIND DST WIND PO
193N 15649E 30 6 0 23.2N 153.1E 45 221 =15 279N
20.4N 15529 30 A9 =5 25,0N 152,6E 45 297 =20 <dHe6N
20.3N 156+4E 35 13 =5 23.2N 156.1E 45 68 =20 275N
209N 156+0E 55 13 5 2440N 156.4E 60 92 0 28.0N
20498 15651E 60 41 0 22.3N 155.3E 80 220 25 @5¢8N
21.9N 16742E 65 16 0 24.6N 158.6E H0 62 30 &8.0N
23.0N 157+8E 65 28 0 26.7N 160.JE >0 262 S
23.6N )57¢6E 65 23 5 27.0N 159,0E 55 263 15
24.7N ISBs6E 60 1B 5 27.TN 1o2.0E 45 488 10
23.6N 157:9E 55 47 S 25.2N 160.¥E 35 508 5
24.0N 156+3E 30 12 =15 152.5€ ¢5 237 =5
24 02N 30 29 ~iD canym e ae =

25.0N

2646N
27.2N
270N
27.0N

27.7N
27.2N
26.0N

8IaS OF WIND ERROR
NUMBER OF FORECASTS

30 S =5

- - e

- - - -
-

14641E 30 B 0 29.3N 146.3E 40 133 10
145¢8E 30 28 0 30.1N la7.2E 35 226 10
1470E 30 32 © 27.7N 150.0E 30 261 S
146eBE 30 32 0 =een memym = e o=
14601E 30 48 0
146e6E 30 S50 5
14660E 25 25 O

—— ==, - - w=
—_— ee,e -~ - e

e ®aw,™ - - =

TYPHOONS wHILE WIND OVER 35KTS
WARKING 24~HR 4B~HR T72=HR
24NM  219NM 2BONM 1007NM

48 HOUR FORECAST

S1¥
158426
i6142€

160.BE
is1.3€
i57.0€
is2.0€

16649E
i65.4E

LT
-

wIND
40
“0

“0
50
70
65
45
45

ALL FOKECASTS
WARNING 24=HH 4B-HR T72=HR
20NM  23YNM  489NM 1007NM

ERRURS
OST WEND
216 =15
324 =10
312 -5
398 10
200 35
S79 35
942 15
95¢ 15

16NM  14INM  212NM  775NM- 14NN 14ONM 288NN TTSNM

S5KTS 16KTS A5K¥S  5KTS 3KT5  13KT> 18KTS  SKTS
~2K¥S  3KTS  3K¥I5S =5KIS =1KTS  &KT3 10KTS =5KTS
12 9 5 1 20 14 8

73

¢ HOUR FORECASY
ERRORS

POSLT
30.9N 171.3E

——ym  mmm=

-y

——y®  Tem,w
. patal'S

- -
.y mmage

wIND
30

DS
iloo7

nIND
-5



0606002
00l200Z
06180027

07uo00Z
0706002
0712002
6718002

0800007
0806002
0412002
081800

0900002
0906002
0312002
0918007

1000002
1006002
1012002
1018002

11v000Z
1106002
111200Z
1118002

1200002
1200002
1212002
1218002

13v0002
1306002
1312002
1318002

140v00Z
l4ub0uZ
1812002
1418002

1500004
1506002
1512002
1518002

1600002
1606002
1612002
1ol8002
1700002

AVERAGE
AVERAGE
AVERAGE
AVERAGE

P!
10.BN
1l.2N
1i,6N

121N
12.6N
12.8N
13.0n

13.2N
13.3N
13.6N
13.8nN

14.0N
14,3N
187N
15,0N

15.1N
15.0n
14,98
14.8N

14.8N
14,.7N
14.7N
14,7N

14.6N
14,6Nn
l4.6n
14,6N

1e.7N
14.7N
14.7N
14,8N

15.1N
15,3N
15.8N
162N

1646y
17.1N
17.6N
18.4N

19.51
20430
20.8N
21.3n
21.8N

BFST TR

sti
153.2E
152+4E
151.5E

150.7E
149.8E
1484 9E
148,2E

187.4E
1464 1E
14446L
143.0E

141.3€E
139.8E
138,3€E
136,9¢

135.5¢E
134,3€
133.1€
13242E

131.5E
130.8E
130.1€
129.6E

1284 9E
12B+2E
127.3t
1264 4E

1254 3E
12442E
1234 1E
122.2E

120.7E
119,5E
118,5E
118.2€

118.1E
118.2E
118.4E
119.0E

1199
121.1E
12244
123.9¢
12544E

ACK

wIND
25
30
35

125

120
115
110
110

110
145
105
110

1o
115
115
105

90
65
40
35

35
35
«0
40

40
35
30
30
30

FORECAST ERROR
RIGHT ANGLE ERKUR

MAGNITUDE OF WIND ERROR

WARNING

POSIT WIND
11.0M 152+9E 25
11.68 152¢7€ 30
11.8N I5)e5€ 35
11,98 151<1E &g
12.5N 150+0E 40
12.9n 149¢1E &0
131N 148e6E 40
13.3N 147e2E 55
13.3N 14620E 60
136N Jé4e6E 65
13.9N 143.2E 70
140N 141+5E B0
1442N )140¢2E 95
14460 138¢5E 100
15.0N 137+0E 105
15.3N 135+6E 110
148N 134¢1E 115
14,808 132.9E 120
lao7N 132+2E 120
164.7N 1313E 120
14,78 130+7E 120
14,78 130.1E 120
147N 129+6E 110
Ll4.7N 129-1E 105
14.6N 128+1E 1US
1446N 127¢4E L0S
1a.6N 126+2E 105
14.4N 125.5E )10
lasbnN 124-2E 110
1446N 123¢1E 120
14.7N 122¢1E 115
15.2N 120+7E 95
15.6N 119+6E 99
I5.5N 118«1E 63
15.9N §117+7E 55
16.4N 11Be0E 45
16.5N 118-0E &9
17.60 118¢1E &0
18./N 1186 35
19.98 1193 35
205N 121+2E 430
21.0N 122¢0E 30
2i.4N 12302E 30
2145N 125¢6E 25

HIAS OF WIND EKROR
NUMBER UF FORECASTS

TYPHOON KIM

06002 06 NOV TO 00007 17 NOV

24 nOUR FURECAST

ERRURS
OST winp POST |
21 0 13.0N 149.7E
30 0 13.6N 150.0E
12 0 13.3N 148.9E
26 0 12.9N 148.8E
13 0 13.8N l4o.sE
13 0 J4+2N 1aS,.8E
24 =5 14,2N laS,3E
13 5 14.0N le3.cE
6 S 1444N lal,.lE
[ 0 145N 139.2€
13 =10 15.0N 137.7€
12 =15 15.3N 134.9€
24 =10 15.7N 136.0E
13 =10 1647N 132.E
6 «l0 17.2N 131.2€
13 =10 17.9N 130.¢E
17 =5 l4.6N 128.vE
13 =5 14.TN 127.9E
6 =5 14.8N 127.4E
13 0 148N 12/7.4E
& S  1448N 127.3E
0 10 14.8N 1264 7€
0 0 14.8N 126esE
13 =5 14.8N 120.4E
6 U 14,4N 12a.06C
-3 0 14.5N 12a.uE
12 =5 146N 122.0F
21 0 14.4N 122.¢E
6 =5 J4.8N 120.3E
6 5 14.7N 119.4E
8 10 14.8N 118,5E
3 5 157N 117428
19 25 1547N ll5.7E
29 25 15.4N llallE
36 20 1b.1N llallE
13 10 17.5N lle.st
38 5 10e2N LlibebE
17 0 19.1N 1l17.0E
29 =5 22.5N 121.3E
4] -5 122.5E
13 =5 ———
2% [
39 0
21 -5

TYPHOONS WHILE WIND OVER 35KiS
24=HR 48«HKH T72=HR

WARN
14

9

[

[
39

ING
NM
NM
KT5S
KTS

103NM

L93NM  274NM

S2NM  fOBNM  165NmM
LTIRTS  26KTS  28KIS
~0KTS =0KTS =6K1S
37 33 29

wing
45
0
4S

20
20
50
50

74

EANORS
0ST wIND
25 =5
80 [
39 []
83 o
s0 =5
78 =15
135 =30
110 =2%
75 =35
53 =35
46 =35
31 -2%
45 =10
115 =15
154 =10
200 [
162 10
127 2
121 2v
87 2
s3 25
37 20
12 =lv
64 =15
29 =2v
53 =20
26 =10
© 96 [
85 9
B4 45
B85 45
75 45
166 45
279 1u
311 10
212 v
394 =5
277 v
161 0
193 ¢

WARNING  24=HF

lonm
1uN=
enis
onis
b6

PO
14428
1433N
iag3N

1442N
145N
18060
Lagon

L4s5N
JEFSL]
1548N
loean

18.2n
18e8N
20 e4N
20 eAN

d1e9N
193N
154aN
15san
153N
15«aN
15058
155N

153N
las2nN
e
laogn

14488
1549N
lagaN
laenN

1oe7N
19e7N
isean
leeln

loesN

48 HUUR FORECAS]

517
145.4E
i45,9E
i46,9E

144,5F
La2.7F
18] 5E
141a1E

138426
135.9¢
133.7€
132.3€

129,5€
129.1E
i2e.8¢
i28.8¢

12849€
i23,1€
izz.9e
122.9¢

123418
123.1E
12243
122.4€

123.1F
120+0E
i19.8E
11d.6€

1186
i17.0¢
115.7€
il5.1€

11640¢
ile.3€
11,9
110486

11643€

wIND
*5
50
55

130
130

ALL FOKLCASTS

H8=HR

72 HOUR FUMECAST

ERRURS
UST winD PUSLY winy
67 =10 15.1N 340.0k 95

86
114

1X:-1]
ies
185
264

436

208

i3z
1]
60
43

139

loe
81

i1
143
¢28
310

405

77-nR

11I1nNM  239NM 322NmM

SIN
lex
“0R
.0

M 129nM  1B&NM

T2 2eKIS 29805

5 0KTS =IKTS
36 32

=15 14.3N 14l.4E 6v
=25 143N 140.3t o

=35 JaeSN 139,5£ v
=45 148N 437,83 Tv
=50 la«BN 136.0E 70
=55 14.8N 136428 Tu

=45 15.3N 133,26 &>
=ab  15.6N 130.88 85
—45  1hedN 12840 WU
“40 181N 127.28 9

=15 23.4N 129.3& 110
0 24.4N 130,3E 115
S 26¢4N 130.5E 115
5 259.0N i3l.0t 116

10 25.5N 131.5t 11u
20 16¢8N i19.4E 100
25 17.08 11941k 105
20 17.0N 119.0E 10>

20 16WHN 119.3E 9y
15 16.9N 119.3t 95
10 172N llB.8E YU
=5  17.UN 119.0t TV

5 15.6N 119,36 U
5 13.4N ile.dt v
30 l4.4N llb.bk  TU
35 1S.IN 115,08 b3

35 151N £15.3E o3
35 15.1N 113,86 65
35 lelBN 112,80k v
35 laltN illeBt 70

35 15«78 LlveBE 70

ERHOHS
US1 winn
66 =50
181 =50
201 =%
244 =90
202 =2y
202 =55
23} =35
103 =3»
54 =30
1le =20
249 =15
827 L)
S%7 10
6l2 10
613 -3
743 Q
V3 «ls
268 =10
226 0
139 5
96 30
85 Su
b6 35
91 35
235 35
247 3
32 2>
3N es
518 30
672 %0
89 40
902 40



2806002
2812002
2818002

2900002
2906002
2912002
2918002

3000002
3006002
3012002
3018002

01v000Z
0106002
0ll2002
0118002

0200002
0206002
0212002
0218002

0300002
03ub00Z
0312002
0318002

0400002
0406002
0412002
0418002

0500002
0506002
0512002
0518002

060000Z
0606002
0612002
0618002

0700002

0706002
0712002
071800Z

AVERAGE
AVERAGE
AVERAGE
AVERAGE

BEST TRACK

POSTT

680
6,8N
T.0N

Tetn
T.6N
Te3IN
7.1N

649N
7.3N
T.5N
T.IN

B8.0N
BoaN
9. TN
10.8N

11.4N
1, &N
11,7N
124N

12.8N
13.1n
13.4N
14,0N

14.2N
15.5N
16,6N
17.78

18,8N
20.2N

21.6N;

22.0N

22.2N
223N
224N
22.6N

224.6N
22.4N
224.0N
21.3N

1604 0E
158,3E
15646E

155.2€
153,8E
152.8E
152.1E

15049E
149.3E
167.3E
145.2€

162.8€
14043€
138.5€
137.2E

135.8E
134,5€
133.4E
132.3E

131.3€
130+4E
129+8E
129¢1E

128.7E
12845E
128.6E
129.1¢

129.9¢
131.0E
132.5€
13440E

135.9€
138.0E
140+2E
14245E

144,.8E
147.0E
149.7E
152.9E

WIND
30
30
30

30
30
25
20

20
25
25
25

FORECAST ERROR

RIGHT ANGLE ERROR
MAGNITUDE OF WIND ERROR

ERRORS ERRORS

POSIT WIND US| wiNp POSIY wIND DST WIND
6.7N 160+4E 30 26 0 1,5N 155.7E 45 113 15
6.8N 15B.4E 30 6 0 T.IN 1S2.4E 35 e8 10
649N 156¢BE 30 13 0  7.5N 1S0.JE 40 86 20
7.0N }54¢3E 30 58 1] T+O8N 148.3E 40 163 20
ToTN 153¢5E 30 19 0 92N la7.2E 35 168 10
BeoIN 152¢0€ 30 67 5  9.6N 14S.7E IS 1ST 10
Bo4N 150+5E 30 122 10 100N 144.4E 40 145 15
T.4N 15k=E 30 42 10 B.IN l4e7.0E 35 284 5
740N 150¢0E 30 45 5 7.2N la5.8E 35 333
Te6N 14T+TE 30 26 5 B.5N le3,4E 35 298 0
Te6N 146+0E 30 48 5  BeaN lelJlE 35 271 ~5
ToTN 14427E 30 114 0  BuBN 139,26 35 253 =10
842N 1408E 40 32 S 9.5N 134.9E 60 116 5
103N 138¢7E 45 38 10 14.2N 133.4E 60 149 =5
111N 13656E 50 39 10 15.,0N 131.vE 65 173 ~-1v
115N 135¢6€E 50 13 S 11.9N 128.8E 65 )55 =30
11.5N 13420E 55 30 0 11.2N 127.4E ©5 209 =45
1145N 13249E 55 32 =10 117N 127.7E 65 159 =45
115N 132+3E b0 54 =15 11.8N 128.3E 10 139 =45
12.9N 131:4E 85 B =10 13.7N 126.¥E 110 109 =5
13¢IN 1312E 105 47 =5 l4.1N 126.¢E lco0 157 10
13.4N 12949E 1ko 6 0 14.6N 126.7E 120 171 15
13.8N 129¢1E 120 12 5 149N 125.8E lco 252 20
14.5N 128+7E 120 18 5 17.4N 127.2E 120 175 20
15.2N 128+2E 110 25 0 17.7N 127.0€ lvo 271 )¢
16.3N 128¢7E 110 19 5 19.7N 130.4E 100 163 20
18400 129¢2E 105 19 5 22.0N 132.7E 90 72 20
18.6N 129¢5E 100 26 0 22.3N 133.2E 85 149 20
19.8N 13046E 100 33 10 23.7N 135.3E 80 170 20
21468 13201€E 95 22 15 2643N 138.7€ 7S5 247 20
2244N 133«TE 90 29 20 203N la0.4E €0 249 S
22.9N 136¢3k 65 4T 0 26.0N 146,5E 35 223 =20
2244N 137¢9€E 75 8 15 23.7N 14T7.1E 45 78 -5
225N 184042 T0 6 15 24.3N 149.9E 30 138 =10
2248N 1425E 61 12 S =mye vea,m Pe  aw ==
22.8N 144+8E 590 12 =5 w=yn oee,= - - =
22.5N 146928E 45 13 ~5 e=,- R
225N 149.7E 40 30 0 ==, . e= e-
22.2N 152+0E 35 73 5 ~=,a = am -

BIAS OF wIND ERROR
NUMBER OF FORECASTS

TYPHOON LUCY
0600Z 28 NOV TO 18007 07 DEC

WARNING 24 HOUR FORECAST

TYPHOONS WHILE WIND OVER 35KTS
WARNING 24=HR 48-MR 72=HR
26NM  |BENM 367NM  S43NM
ISNM  J0TNM  187NM  255NM
TKTS 16KTS 26KTS 31KTS
3KTS  2KTS  =7KTS <14KTS
27 26 26 27

75

18N
6KTS
3KTS

39

45 HOUR FORECASI
ERRURS

POSLT

BegN
Be7N
8e6N

922N
10¢9N
11eSN
1240N

a:QN
BN
933N
FebN

lue3N
1lsaN
los7N
LleaN

1249N

151406
14642
144.9E

143.6E
14145
139,9E
i38.76

14248E
181,26
139.3€
137406

34.0€
30.1€
2942€
26eTE

122.8E
2146€
2248€
24 e4E

22e4E
22.0€
23+2E
23.4E

2649E
2742E
34.2€
3B43E

NIND
50
40
45

5
40
40
45

40
40
45
40

ALL FOMECASTS

DST wiND

127
97
57

86
165
135
113

*38
441
375
322

217
103
200
246

351
Al8
392
417

WARNING  Za=HR aB=HR 72-HR
33“"

178NM° 330NN Sa3NM

T9INM

172NM  255NM

1SKTy 25KTS 31KTS

2KT>

3

30

=3KIS ~14KTS
27

25
15
20

15
S
S
5

-5
=15
-20
=35

~55
~40
=40
=45

~50

7< HOUR FORECAST
Eppuns
i}

POSIT

949N
9.7N
946N

107N
13.1N
13.8N
14.5N

99N
9.0N
10458
11e2N

117N
1340M
1778
1878

139N
13.7N
13.7N
135N

158N
1546N
164 3N
18+ 7N

22.4N
228N
25.0N
2746N

14645E
ie0.7E
139,5€

139.0E
£36,1E
i3e,78
133.5E

138.1€
1364,6E
135,0€
133.3€

30.0€
i26.4E
244,98
22486

1646€
15.5E
17.6E
2047

19.0E
18,3
20,6
23.7€

29.8E
30.SE
40.0E
46,5€

wIND
55
45
5¢

5¢
45
45
50

ST
376
130
153

iv2
138
147
leg

434
438
350
296

167
193
221
362

816
Y6
970
910

1027
1181
1162
lg7s

827

wing
20
ly
10

E
=10
=20
~25

-20
-65
=60
-65

-6s
-35
~30
-2s

«5%
-5



2006002
2032004
2018002

2lv0002
2106002
2112002
2118002

2200002
2206002
2212002
2214007

2300007
2306007
2312002
2318002

2400002
2406002
2412002
2414002

2500002
2506002
2512002
2518002

2600002
20606002
2612002
2618002

2100002
2706002
2712002
271800Z

2890002
2806002
2812002
2818007

2900002
2906007
2912002
2918002

3000002
3006002
3012002
3018002
3100002
3lo6002
311200Z
3118002

0100002
0lue00Z
0112002
0118002

0200002
0206002
0212002
0218002

0390002
0306002
0312002
0318002

AVERAGE
AVERAGE

TYPHOON MARY
0600Z 20 DEC TO 18006Z 03 JAN

BEST TRACK WARNING 24 HUUR rURECAST
ERRORS ERRORS
POgT | wIND POSIT wIND Dst wiND POsIy wIND  Dgy wihD
9.7N 179.4E 30 10.1N 179+3E 30 25 G 1le6N 17H.4E 40 96 0
10.2N 179eTE 30 10.0N 179«0E 30 43 0 1049N 179,5E 40 73 o
104N 17966E 35 945N 179+2E 30 59 =5 10,7N 179.5E 40 116 ¢
10,38 179.4E 40 9.7N 179+0E 40 43 0  9.7N 179,0E %0 141 U
10+2N 17942 40 9.6N 17B«BE 40 43 B Fe6N 178.,0E 40 196 =5
9.9N 178.BE 40 10.0N 178¢BE 40 6 0 10.0N 178,88 30 255 -cu
9,7N 177BE &0 9.8N 17756 40 19 0 F8N 175.,0E 50 105 -1¢
T8N 176e6E 40 9.9N }76+6E S0 6 10 10e0N 173.068 590 84 =2v
10,10 175.5E &5 10.IN 17542E 45 1B 0 10sIN 171.4E 55 1a7 =15
106N 174.5E 50 L0«IN 174¢3E 50 32 0 948N l70e5E 60 132 ~i0
11,08 173.7E 60 10.8N 1734E 60 21 0 118N 170.8E IS 27 5
113N 172.9E 70 11.3N 173+0FE 65 6 =5 13.4N 1l69.,8E 85 S6 10
11,68 172.1E 70 11.8N 717 7o 26 0 14.1IN lode.cE Y0 101 10
11,9N 171,26 70 12.4N §70+9E 70 35 0 15,0N les.3E 85 130 0
122N 170.6E 70 12.9N 17060E 70 55 0 1045N 167,96 0 243 =20
12.5N 169.9E 75 12.7N 170426 70 21 =5 1446N le8,3E 60 147 =30
12.8N 169.3E 80 13,0N 169¢4E 70 13 =10 152N 167.6E 65 215 =20
13.1N 169.4E BS 13.2N 168+49E 70 30 ~15 15.,4N 107.3E 10 249 -25
127N 169+4E 90 13,IN 169«1E o 30 «20  15.2N 167,38 (0 262 o
1243N 16942 90 12.4N 169+0E 75 13 =15 13.6N 166.4E d0 197 2v
11,98 169,1E 65 1)1,6N 169+3E 95 21 10 10.7N loT.2t 95 76 35
11,5N 168.BE 95 11.6N 168¢BE 95 6 0 11.3N 165.7E V0 123 45
10,9N 168,2E 65 1].0N 168¢3E 90 8 25 105N 165.3E 100 153 50
104N 16T«2E 60 10.5N8 167«4E 75 13 1S 9«SN 163.7E 65 148 15>
9.9N 166.2E 60 9,90 166+2E 65 0 S Ye6N 161.4E 55 127 |0
94N 164.9E 55 O9.7N 164e4E 65 34 10 9,6N 158.4E 55 64 15
9,0N 163.2E 50 9,3N 16343 60 19 10 91N 157,¢E 50 95 1Jv
8.8N 161.3E 50 B.IN 161«TE 00 24 10 B8N 155.9E S0 135 1v
B, HN 159.,4E &5 B.9N 159e6E S 13 5  9.0N 153.2E &5 102 b
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CHAPTER VI -

TROPICAL CYCLONE CENTER FIX DATA

1. INTRODUCTION

During the 1977 storm season, 2373 fixes
on the 21 northwest Pacific area tropical cyc-
lones and 180 fixes on the North Indian Ocean
area tropical cyclones were collected at Fleet
Weather Central/Joint Typhoon Warning Center,
Guam. Table 6-1, Fix Platform Summary, deli-
neates the number of fixes by platform for
each tropical cyclone as well as season

TABLE 6-1. FIX PLATFORM SUMMARY

totals. A discussion of the various recon-
naissance platforms is presented in Chapter
I1.

Fix totals as listed in Table 6-1 inc-
lude all fixes received from primary and sec-
ondary sources whether real-time or after-
the-fact of which all were used for post-
storm analyses. Therefore, totals are in
some instances, larger than those listed and
evaluated in previous chapters of this report.

FIX PLATFORM

AIRCRAFT

WESTERN PACTIFIC

PATSY
02
RUTH
04
SARAH
THELMA
VERA
WANDA
AMY
BABE

DINAH

Z OF TOTAL
NO. OF FIXES

TROPICAL CYCLONE

17-77
18-77
19-77
21-77
22-77

TOTAL

% OF TOTAL
NO. OF FIXES

50.5%

13
13
27
46
2

125

69.47%

NOAA

39
5
21
6
24
22
26
26
18
39(3]
10{1]
43[4}
25113
8[1]
36[5]
21{4]
13[1]
12[1]
51[3]
43[1)
54{73

542[32)

22.82

8
8
8

20[3]
11[2]

55[5]

30.6%

M

1.26%

LRDR

385

16.2%

SHIP
RADAR

TOTAL NO.

ACR OF FIXES

.27

[ 1 - FIXES RECEIVED FROM FWF SUITLAND IN END~OF-STORM SUMMARY PACKET AFTER BEST-TRACK
COMPLETED AND ARE LISTED AT THE END OF SECTIONS 3 AND 4 RESPECTIVELY.
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2, FORMAT

The fix data are divided into two groups
by geographical area and sequentially ordered
within each group. For all types of fixes,
the first four columns tabulate information
in the following format:

FIX NO.
tially.

- Fixes are numbered sequen-

TIME - Day, hour and minutes (GMT) of
fix. .

POSIT - Position of storm center in de-
grees and tenths.

FIXCAT - Type of fix used (SAT - satel-
lite, P - aircraft penetration, LRDR - land
radar, ACR - aircraft radar, SRDR - ship
radar).

The format of the remainder of the
print-out varies with the type of fix.

a. SATELLITE - Intensity estimates and
trends from visual data (when available) are
listed as derived from the Dvorak technique
(NOAA TM; NESS - 45). Fix data from NOAA-4
and NOAA-5 satellites are appropriately la-
beled and indicate confidence numbers (CONF)
if the U, S. Navy Fleet Weather Facility,
Suitland, MD provided the data (see Table
6-2), or Position Code Number (PCN) if USAF
DMSP sites provided the data. Fixes based on
IR data are appropriately annotated with IR
DATA., Geosynchronous Meteorological Satel-
lite (SMS-2) data are noted as such and may
contain occasional narrative comments and
accuracy estimates.

b. RADAR - The latitude and longitude
of the radar sites are given in the POSIT OF
RADAR column. If available, plain language
remarks regarding the size, accuracy, and
echo characteristics of the fix appear as
received. Radar data sites using the stan-
dard World Meteorological Organization (WMO)

TABLE 6~2.

Code include a five-digit code group for re-
porting tropical cyclone characteristics of

size, appearance and accuracy of location of
the center or eye.

c. AIRCRAFT PENETRATION - Complete eye/
center fix reports are obtained at levied fix
times. Supplemental fixes are sometimes made
during peripheral data gathering legs between
scheduled fixes. These normally provide
date, time and location only.

The categories of aircraft reconnais-
sance information are as follows:

(1) ACCRY (Accuracy): The esti-
mated navigation (first number) and meteo-
rological (second number) accuracies are
expressed in nautical miles.

(2) FIX LVL (Fix level): A con-
stant-pressure-surface flight level (listed
in mb) is normally maintained during a trop-
ical cyclone fix mission. Low-level missions
are usually flown at 1500 feet (457 m). This
altitude, however, is not normally constant
due to maneuvers to avoid turbulence and to
maintain visual contact of the ocean surface.

(3) MAX OBS FLT LVL WIND: 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 trop-
ical cyclone because the aircraft only sam-
ples 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. In addition,
the doppler radar system on the WC-130 re-

CONFIDENCE (CONF) NUMBERS AS A FUNCTION OF DVORAK T

NUMBER AND RADIUS OF 90% PROBABILITY AREA (NM).

TROPICAL CYCLONE
INTENSITY

CONF (2)

CONF (3)

T1.5
T2.0
T2.5
T3.0
3.5
T4.0
T4.5
T5.0
T5.5
T6.0
T6.5
T7.0
T7.5
T8.0

80

120
120
120 170
100 150
90 140
90 140
90 140
90 130
80 130
80 130
70 120
70 120
60 100
60 100

170
170



stricts wind measurements to drift angles
less than or equal to 27 degrees if the wind
is normal to the aircraft heading.

(4) MAX OBS SFC WIND: The maximum
surface wind (knots) is an estimate made by
the Airborne Weather Reconnaissance Officer
(ARWO) based on sea state. This observation
is limited to the region of the flight path,
and may not be representative of the entire
storm. Availability of data is also depen-
dent upon the absence of undercast conditions
and the presence of adequate illumination.
The positions of the maximum flight level
wind and the maximum observed surface wind do
not necessarily coincide.

(5) OBS MIN SLP: The minimum ob-
served sea level pressure on a 700 mb fix
mission is obtained by applying the minimum
700 mb height. to the following regression
equation:

SLP (MB)=.115 (700 mb HGT [M)) + 645

This relationship is accurate
within +3 mb in most cases. However, if the
700 mb Center and the surface center are not
vertically alligned, the minimum sea level
pressure will be erroneously high. If the
surface center can be visually detected (e.g.

81

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.

(6) MIN 700 MB HGT: The minimum
height of the 700 mb surface in the vortex
center is recorded in decameters.

(7) FLT LVL TI/TO: This category
denotes the maximum temperature measured in
the center (TI) and the ambient temperature
outside the center (TO). The outside temper-
ature is measured just prior to entering the
wall cloud. Both temperature observations
are in degrees Celsius and are made at flight
level. Reconnaissance aircraft seldom pene-
trate on the same azimuth from one fix to
another; thus, the position of TO normally
varies both in bearing and range from the
center.

(8) EYE FORM/ORIENTATION/DIA: The
shape and diameter (nm) of the eye is deter-
mined by visual observation or by radar pre-
sentation analysis. This is reported only if
the center is 50% or more surrounded by wall
cloud. For elliptical eyes, the size of both
major and minor axes are given in nm.



3. WESTERN NORTH PACIFIC FIX DATA

F
S
DY

LEST UV & Wh =~

1ImE

2121247
2121297
22lgos?
2210047
2229512
2222317
2222427
2302377
2307537
2309217
2309227
2309247
232viaz
2320347
2320397
2321567
2321587
2321517
2404067
2407417
2408387
24in3az
2410352
2420277
2420277
2421147
2421142
2509507
2509502
2522262
2922262
2601152
2608547
2604592
2609062
2620192
2021422
2621427
2021427
2701197
27084K7
2708477
27i01a7
2720192
272257
2722547
2722552
2723112
2804157
2808342
2808352
2809342
2814377
2821212
2822072
2822112
2904007
29908227
29u8532
2910477
2914407
2921072
2921082
2923187
2923232
3010032
3010062
3020562
3022362

POSIT

leln
1.54
letbN
1.9n
249
40N
Zebn
2.6N
.04
3.5+
3.0N
3.5N
R L]
€ TN
3.8N
3.8n
3.64
345N
3.7
3.98
3.84
3.7IN
3.5N
4,1N
441N
Sl
41N
4.iN
2e3n
240N
2,08
l.7n
241N
240
242N
rLL L
345N
3e3n
29N
374
Sedn
40N
4o2n
48N
Se6n
S454
Sa3N
S.7N
643N
646N
6.2N
643N
69N
Te18
7.5N
Teln
81N
83N
9. 0N
B.6N
4,.8N
8.2n
B.6N
9.9N
B.0N
B.2N
10.0N
B.0N
946N

166+4E
1664+ 3E
166e0E
loos1E
164e2E
1634t
J6442E
[ TETS13
16345E
163.1E
162 1E
163enE
163+5E
164+SE
1620 2E
16245E
165e4E
165+ 0E
164.8E
164e2b
1654 LE
165.1E
1630kt
1653k
165+5E
165e5E
165¢4E
165¢3E
16440k
16340E
163¢2E
163+2E
162¢5E
162+3E
162+3€
161.8€
161 s6E
16l esE
161+7C
i6ls1E
160+6E
160+2E
160¢0E
15940E
159.2E
159.3€
159+ 2E
159.1E
158.4L
158+ 4L
158e4E
158428
157.2€
1500 6€
1506+5€E
156.6E
15446E
154+8€
154+ 0E
15406E
153.8€
154¢1E
154+SE
154+SE
155¢0E
155¢0E
1544 3E
149e0E
1510

Fla
CAt

SAT
sal
SAT
sal
Sal
SAl
sal
]
SAT
SAT
SAl
SAl
sal
SAl
sal
SAl
SAT
sal
P
sat
sl
SAl
safl
SAT
SAl
saf
SAT
SAT
sal
SAT
SAT
sal
SAl
SAT
SAl
SAl
SAT
SAT
SAl
SAl
SAY
SAT
sal
sai
sal
SAT
sAl
P
P
saf
sal
sal
3
SAT
SAT
SAT

v

SAl
SAl
Sal

Sal
sal
SAl
SAT
SAT
SAT
SAl
SAT

TRUPICAL STORM
FiA POSEIIONS FOR CYCLUNE NU. ]
Va0uZ 23 MAR TO 0GNUZ 31 MAR

MAX 045

ACCRY FIR FLT LVL wIND
VeMET LyL UDIH VEL BRG RAG

NA

15

20

7
10

10

4

1

t12.0/72.0 / /  HHS)

(T1e0/140 7/ 7/  HRS)
(IR DATa )
(IR DATa )

(T2e0/2,0 / 7/  HHS)

112e5/72,5 700.5/25HKS)

{IR LATA 1
S 150v 28u 42 190

{1IR DATa }
{1IR vara )
(IR VATa )
tIR DATA )

(IR DATA )
{Tleb/2.0 / 7/ MRS)
(¥2,0/2.0 /5  /26HKHS)
(T1e5/2,0 /WLeU/24HKS)
IR DATA )
{Tle5/246 / 7/ HHS)

15 70U ZeU 45 220
(IR DATA )
(IR DATA )
(IR DATa )
(IR DATa : )
(IR DATa

)
(T 07140 /W1leD/2aHHS)
(T 07140 /H2.0 /24HHS)

(IR DATA }
(IR DATA )
(IR DATA ]

(T200/2,0 /DUD/24HRS)
{T200/240 702:0/24HRS)
(1107240 7 /  HKS)

(IR DATA )
(IR VATA )
(IR DATA )

172457245 / / HRS)
(13.0/3,0 /D4 o+U/24HRS)
(T340/340 /DLeV/24HRS)
1T1265/245 ./ 7 HRS)
(13.0/3.0 7D240/24HRS}
(IR DATA )
{IR DATA }
(IR ewta ]
{1®,5/2.,5 78 /24NRS)
14 e578,5 /DL eD/241KS)
VIR DATA )
(13.5/3.5 /DV+>/25HKRS)

-] 700 32V 60 240

4 700 30 30 250
(IR DATa )
(IR PATA )
(IR DATA )

4 700 23V S0 150
{IR OATA )

1T1e5/2,5 /W3.0/24HRS)
(13.5/3,5 /8 /24HKHS}

25 700 €00 28 90
(IR UATA )
(IR DATA )
{IR DATA

)

20 700 990 15 360
110/1,0 7 / HRS)
(11072, 0 #W2.5 7 23HHS)
(T20/2,5 7D0.5 7 25HKS)

(IR DATA }
(IR DATA )
(IR DATA )

(T 0/1.0 /MlaU/24HRS)
(T1.0/1.5 7W1.0/23dRS)

(445

PCN

30

PCN
Hin
PO

PCh
PCH

PCN

PCN
PCh

PCN

PCN
PCN

PON
PCN

PCN
PCN
PCN
PCN
PCN
PCN
PCN

PCN
PCN

PCN
PCN

PCN

YAlSY

MiX OBS
Sre Wl
VEL gHG R

NOAA-5
5 NDAA-5
NOAA-5
NOAA-5
6  UMSP
NOAA-5
NOAA-5
35 240
6 ULMSP
6 NOAA-5
6 NOAA-S
NOAA-5

OMSP
OMSP

e o ow
e
2
[
hd

82

uBs
MmN
NG s

(CONF 01)

{CONF 02)
{CONF 02)
15 -

{CONF 02)

(CONF 01)

16 luee

(CONF 01)

(CONF 02)

(CONF 01)

(CONF 02)

10 981
10 997

- 999
(CONF 01)
30 100>
(CONF 02)

- 1003
(CONF D1}

(CONF-02)
(CONF-D2)

LI

"6

313

29¢
300

302

313

3¢

FLy
700M8  LVL EYL
FLAEO  PORM

26 23 -
10 1y -
19 9 ELIP
it 9 CIKC
15 11 -
11 9 -
11 10 -

PLSET
URIEN-  EYE VF MSN
tAFLUN  DIn Ravan NMYER
-- - 1
- - - 2

N=S  15xi0
15

LR



TROPICAL OEPRESSION &
FIX POSITIONS FOR CYCLUNE NO. 2
00002 26 MAY TO 0600Z 27 MAY

™
© -
.

RGN W

83

MAX 08S nAX 0ds 0BS  MIN  FLT POSIT
F1X ACCRY FIX  FLT LWL WIND SFC wIND MIN 7008 LVl EYE  ORIEN- EVYE UF MSN

TIME POSIT CAl NAV-MET VL UDIK VEL BRG ANG VEL BRG RNG SLP HG! TI/TO FORM TaATIUN DIA RADAR NMBR
2323487 18.3N 126.8E  Sal 7 07 07/ / nRS) PCN 5 NOAA-S
2602062 1843N 125enE SAT (IR DATA ) PCN 5 DusP
2623227 19.2N 12Be2E SAT  (T1.0/1.07/ / HRS)  PCN 5 DMSP
2500542 10.5N 12BeSE SAT (T1le0/1,0 7/ / _HRS) NOMA-5  (CONF 01)
2501002 16.5N 128+4E SAT (T140/1.0 /DL.U/25HRS) PCN 5 DOMSP
2510252 16.6N 12B+3E SAl (IR DATA ) PCN 5 DMSP
2510257 15.9N 127+7E 54T (IR DLATa ) PCN 5 DMsP
2511402 16.3N 128¢2E SAT (IR DATA ) PCN 6 DusP
2511452 16.5N 12BsoE  SAT NOAA-5  (CONF 02)
2514407 17.0N 12B«3E  SAT (IR DATa ) PCN 6 DMSP
25230197 1847N 127+4E SAT  (72,0/2,0=/D1.U/24HRS)  PCN 5 UMSP
2523102 1B.SN 127s4E SAF (IR DATa ) PCN S ODMsP
2600102 1B41N 127+5E SAT NOAA-5  (CONF 02)
2600177 19.8N 129:2E SAT  (T2.0/2,0-/D1,0/23HRS) PCN 3 UMSP
26003027 1948N 12B.7E P 6 1500 1BU 30 100 40 357130 &0 100! - 23 24 - - - - )
26032027 2044N 129:0E P 5 5 700 = = = - i0 270 20 ool 31v 1313 - -- - 1
2603227 20.6N 129<0E SAT (IR DATA ) PCN 3 UMSP :
26032227 20.8N 129+1E SAT (IR DATA ) PCN 3 UMSP
2610567 21.8N 129.5E SAT (IR DATa ) PCN 5 DmSP
2611557 21.2N 129+4E SAT (IR DATa ) PCN S UMSP
2611657 22.0N 1293E SAT (IR DATA ) PCN S UMSP
2612597 20.0N 126.9E SAT (IR DATa ) NOAA-5  (CONF 02}
2616047 21.8N 129¢4E SAT (IR DATla ) PCN 5 UMSP
2616047 22.8N 129.8E SAT (IR DATA ) )  PCN S UMSP
26181172 23.3N 13¢e2k P 5 15 700 20 28 110 30 - - =~ 1003 314 1111} - - - - 2
2622587 23.8N 130.5E SAT (IR DATa ) PCN 5 UMSP
2622587 PLl.SN 130<3E SAT  (T2.0/2,0 /S  /24HRS) PCN 5 UMSP
2623337 24.5N 130¢6E SAT  (11.0/2,0 /Wl.U/24HRS)  PCN S UMSP
2703047 244N 13100E SAT  (T1.0/1,0- 7 / HRS) pCN 5 OMSP
2703052 24.7N 130e.BE SAT (IR DATa ) PCN 5 UMSP
2704157 25,38 131e6E P S 2 1500 50 25 290 &0 253060 25 1003 - 23 23 - - = - 3



Fix
NU,

CR~T U &L -

P1ME

100051/
1000587
lol13%2
1011347
ilugosy
1luolrz
1lu2vaz
1112677
lll44n/
1201147
l2u123¢2
1203247
lelgnrs
1300347
139032
13v31907
1311392
1311402
1322427
1322427
1322427
l4v)esr
1411287
1412397
1413557
1415347
141535/
14223~
142237
1422307
1500127
1500557
1501012
1501072
1504022
1504177
1506202
1511152
1511152
15511527
155148/
15150Rr7
1515172
1515172
1515172
1516542
15171222
1600002
1600002
1600177
l6v0242
l6v35972
16035927
1603597
1605002
l6l10327
16110327
lello3z
lelipaz
lel2paz
1613072
lel3pa7
lolevAz
1616412
16164)27
1623487
16234892
1701367
1703827
17u3a27

PosIt

De3n
64.3%
10N
BoOHN
7To5N
742N
fobn
B.8N
YebN
12.5n
134N
11438
11.9¥
13410
124N
12.9N
V4a0N
147N
15.6n8
J4.8N
14.9N
15,94
16,6N
17.00
168N
t7e7n
18.0M
18.2N
17.2N
18.0N
1842N
18.7N
18.3n8
18.6N
192N
19.2n
1946N
19.4N
198N
195N
2U.ON
21.0n
205N
2usen
PULHN
Pleln
211N
2130
?l.1N
22.0N
22.2N
P2.8N
22+8N
P3.2N
2249N
23.9N
23.8N
23.5N
P3N
23498
23.0N
243N
24+6N
244TN
23.7N
75.3N
25.2N
70, 7N
26.6N
Po.BN

129-at
13064t
12842L
129enE
1275k
12neRE
127+2E
125+7€
1244 3E
123e5€
123«1F
12¢+53€
12340E
11desE
11900k
119e3E
117«9E
118.1E
117+6E
117.6E
117.3E
117+0E
11648E
116+5E
116+5E
11be5E
116e5E
11668t
115e9E
11642E
11642€
116¢8E
116e6E
1ibe9E
1170t
1167t
1168t
1l6eAat
1169t
116+5E
116e4E
117.7E
117.1E
11704k
117.3E
1172€
117+8E
11718
117«SE
11649E
1177€
118esE
11842¢
11843E
118s0E
119.2L
11Be7E
1lbe7E
1183t
118e5E
114840t
118.8E
118:9€E
119e4E
118+9E
119.2¢t
120.2¢
120e6E
121+2E
121e5E

Flx
cat

SAT
Saf¥
SAS
saf
SAf
SAF
SAl
saT
SAl
SAT
sal
sarl
Sai
SAT
SAT
sal
sSal
SAal
SAl
SAT
saf
safl
sal
Saf
SAl
SAl
Safl
SAT
SAf
SAT
SAaT
»
SAT
SAT
P
sal
LHUR
SAl
SAl
sal
sal
LRUR
SAl
SAl
sal
SAl
aAC R
sal
LRUR
SAT
sal
SAT
SAl
SAl
LRDLR
SAY
sal
SAT
LROUR
LRUR
sal
LRUR
LRUR
SAT
Sal
SAT
sal
SAl
sal
SAl

{RUPICAL S10KM
F1x POSItIONS $FOR CYCLUNE N,

06002  ka JUN 10 120uZ &/ Jun
mAX 08S
SEL WIND

MAX OHS
ACCRY  FIXA KT LVL wIND
NAY-MET LvL ULIH VEL BRG RNG
(Tle0/1.90 7 /  HKRS)
G 0/ o 7/ / MRSy P
(IR DATa I v
SIR DaTa }
(Tleu/1,0 75  £24nNS)
(T1eu/1.,0 /Dlov/eanRS) PCis
(IR DaTA } (MY
tIR DaTa )
(1K VATa b e
(T240/2.0 /D14v/25HKS)
11 0/1.0 /wiau/251RS) PCN
(T1e0/140 7/ /  HRS} PCw
(IR yaTa )
T 1.6/1.5 /W0.5 / 24 HRS)
{1 o/ ’s /23HRS} P
(T240/2,0 /DL U/261KS)  PCHs
PCN
{IR DATa ) PCx~
$T2.5/72.% ¢ 7 HRS) PCH
$1245/2,5 ¢ /  mNS) PCn
173.0/3,0 /DL.U/20nKS)  PCw
$7360/3,0 7D1le 5/25HKS)
(IR DATA y  PCn
(IR DATA }
(IR DATa } PCN
CIR DATA } PC
(IR DATA ) PCN
(T440/7440 /D1eD/24HKRS) PN
(T345/3.5 /D1.0/24HRS)  PCh
(IR DATA } PN
IR DATA } PCh
S S 700 &bv IS5 270 12
(T3.0/3,0 /S /23 HRS)
LIR DATA } PCn
1 E] 700 190 52 140 30
(Thed/4,0 7 /7 HRS)  PCn
- 20800
{IR DATA ) HCn
(IR vaTa ) PCN
tIR DATA ) HCN
{1R DATA ) eCw
- 5//1/
PCN
(IR DATA } fCh
(IR DaTA } PCi
{IR DATA ) eCh
{IR DATa H PCn
- 65///
{T240/3,0 /WleU/23HRS)
1713.0/4,0 7/ /7 nKS) [
{T44074.0 7 7/ HRS) [}
{13+0/3.5=/w0e5/30HRS) e
(13.5/4,0 /WU.5/24HKS5)  BCN
~ 259///
{IR DATA ) PCr
PCN
PCi
=117
= 11111
{IR DATA ’
=1
=1t
{1R DATa ) PN
IR DATA | AN
$T240/3,0%/wlaV/24HKRS) CN
LIR DATa ) ren
$32.0/3,0~/W1a0/250K5) PCn
(IR DATA )} PCh
(TR2a0/3,0=/m) 4 5/24HKRS) P

HUtH

¥EL 'BRG

(LT -3 v
<
X
v
h

[t LRV ARV - QTN ]
c
2
wn
hd

vUouvownoe
c
X
["d
A7

w ST s W
<
3
@
A

UMSP

NOAA-5
5 NOAA-5
uMSP
uMSP
UMSH

wYv e

UMSP
UMSP
UMSP

coo

NOAA-5

UMSP
uMsSP
uMse
[
ROAA-5
uMsP
umse

VUL eUr g

84

3
o>

M

RNG SL¥

{CONF 01)

(CONF 01)

(CONF Q2})

(CONF 01}

{CONF 02)
(CONF 02)

(CONF 02)
{CONF 01)

7 Y60
(EONF 01)

10 L L1

{CONF 01)

(CONF 01)

LI
TUdMs
HG !

291

291

FuLr

LVl Eve UR{EN-
TI710 Poxm ATIUN

19 15 CIRC 20
22 12 - - -

eve
UiA

PUSLET
LF
RADAR

22+3N 11442t

223N 114.2E

20e3N 1715.0E

22+31 1lae2t

223N 1las2t

22BN
2esbn

Leo+3E
1€0odE

22abN
22s6N

1€043¢E
12ueJE

MSN
NMBR



FIx

z
(=3
.

CENOCU SN -

TIME

0212542
022357z
03013)2
0304057
0312107
0316472
0323452
03234572
0400472
0403472
0403472
0411272
0412307
0412302
0416297
0416292
0422227
0423337
0423337
0503307
0503307
0503482
0512187
05121n7
05123972
0512462
0516127
0516127
0523212
0601157
0el11r7

POS1T

15,38
13.8n8
11.9N
11,88
12.7n
11,78
15.0N
134N
1645
16.9N
15.2N
177N
18.3n
1446N
18.4N
176N
17.8N
18.1IN
18.4N
18.1N
18.5N
17.5N
20,.1N
20.0N
203N
1940N
204N
1945N
220N
22.5N
20,95

12ue6E
11645E
116+9E
11641E
115.9E
114.1E
113.0E
113.5E
116e4E
115.7E
113.2€
116+0E
116¢2E
114sSE
11641E
114.+8E
114e2E
114+0E
11247E
113s0E
113.1E
133.1E
111.9E
110s5E
1113E
111e5E
111eSE
l1luesE
109e6E
110.2E
1094+4E

FiX
CAl

sal
SAf
sal
SAl
SAl
SAT
SAT
SAT
SAT
SAT
SAT

-SAl

SAT
SAT
SAT
SAT
P
SAT
SAT
SAT
SAT
P
sat
SAT
SAf
SAT
SAT
SAal
SAf
SAT
SAT

ACCRY
NAV-MET LvL

10

10

TROPICAL DEPRESSION
FIX POSIIIUNS FOR CYCLUNE NO.

0000Z 05 JUL T8 460VZ U6 JUL
MAX 0BS
FLT LVL WIND

FIX

DIR VEL BRG RNG

{IR DATaA } PCr
{11.0/1.0 7 / HRS) PCN
(11.0/1,0 7 / HRS) PCN
(IR DATa } PCN
{IR DATa } PCN
{1R DATA } PCN
(IR DATA 1 PCN
tTle0/10 /5 724HRS) PCn
1T1e0/1,0 7S 724HKS) PCN
{11.0/1.0 7 7/ HRS) PCN
(IR DATA ) PCN
{IR Dafa ) PCN
(IR DATA ) PCn
(IR DATA ) PCN
(IR DATA ) PCH
(IR DATA PCN
30 1500 15v 28 90 1go
(Tle0/180 /5 /20rKS) PCK
(Tle0/10 /5 724HRS) PCN
(1240/2.0 /D1.V/28HHS) PCN
(IR DATA ) PCN
v 700 170 30 70 150

(IR DATA ) PCn
(IR DATA ) PCN
(IR DATA ) PCN
(IR DATA )

(IR DATA ) PCN
(IR DATA ) PCli
(T 07140 /W1 U7240RS) PCHN
(1 0/21.07 /  nRS) PCN

(Tle0/1,07

/ NS}

-

L)

MAX 085 [(°H
Ste W1Inp MIN

VEL 8RG

6 NOAA-5
5 UMSP
5 NOAA-5
UMSP
NOAA-5
UMSP
uMsP
UMSP
NORA-5
UMSP
UMSP
NORA-5
UMSP
UMSP
DMSP
DMSP
25 90
6 LMSP
5  DMSP
3 LMSP
5 DMSP
Y )
5 UMSP
5  DMSP
5 NOAA-5
SMS-2

6 ULMSP
6
5
5

oo nn

UMSP
UMSP
LUMSP
SMS-2

85

ANG  SLP

50 99l

(CONF 01)

{CONF 01)

MIN

304

FLT

700mM8  Lvi
HG)

Tis70

25 2%

11 -

Evk
FOHM

PUSIT
uF
RADAR

SN
NMzip



z™
-
s x

LK. TN ST UV TR

11ae

1300007
1310407
1323167
14v2337
141522
1421472
1500262
1500247
1502182
1502157
1510297
1510292
1511982
15111n¢
1514577
1514572
1521307
1521302
1523012
1523427
15234527
16upa2z
16015az
1606447
1609437
l6lg122
lelpl27
1612212
16224972
1622407
1622542
1700452
1700522
1700572
1704152
170938z
1709557
1709552
1711332
1711332
1711372
1711472
171604z
1716042
1716327
1721392
1722352
1722377
1722377
180013z
1804222
1804302
1810307
1811192
18111927
isl1217
1812497
1815467
1815462
1815462
1816237
1821302
1822207
1900062
1900542
1901252
1904282
1904327
1911022
1911027
1911027
1912052
1913592
1915287
1915282
1923457
2000102
2000617
2004112
2004112
2012277
2016522
2016522
20232A7
2023287
2101542
23035272
21035272
2112092
2il210z

POSIT

6.7N
77N
840N
7«BN
Te2N
Te5%
0.2N
6. 7N
7.0N
6,28
942N
746N
7.5N
Te3N
748N
BeON
92N
Bo4N
GeIN
B.3IN
9,08
9438
YeAN
9.9
102N
1UAN
101N
106N
122N
1242N
1146N
12.1N
124N
12.3n
12.TN
13.4N
12.8N
249N
13.4N
1343N
13.48
18.0N
13.8N
141N
13,68
13,8N
15.0N
14,6N
14,28
154N
15.6N
155N
16.2N
158N
156N
16.3N
16.1N
16.4N
16.3N
16.0N
163N
17.0N
16.9N
17.1N
17.0N
17.0N
17.0N
16.9N
17.2N
1649N
173N
171N
176N
173N
1Te7N
17.6N
1744N
17.7N
18.4N
18.1N
18.8N
19.1N
19.1N
20430
2028
20.5%
204N
20.4N
21.2N
20.8N

137+5E
138«2E
13649E
136.8E
1344)E
1327E
130s0€
13243€
132e6E
132+0E
130+SE
129«8E
129¢6E
132+0F
12848k
128+6E
12049E
127+1E
1260 7€
126e4E
126.5E
130e4E
130e5E
1294E
128+8€
127+8E
127.1E
127.5€
12609E
125¢0€
125e5E
125¢3E
125+ 0€
125¢0E
12502E
12490E
123e4E
123¢2E
123.7E
123436
12343E
12347E
123.7E
12343€
122.7E
121s6E
121.1€
121s4E
12149€
12049E
121.2E
1213E
118«7E
11841E
11847E
118+0€
11746E
117.2E
11742€
116.1E
117+3E
1163E
115e7€
116.0E
116¢0E
115e4E
114e9E
114¢0E
11349k
112«3E
112.7E
11249E
112¢0E
112«4E
112e4E
112.2€
111e5E
112e0E
111e8€
111+7E
110e1E
108.7E
1097E
108.8E
108+8¢
108+0€
10746E
107+8E
105.6E
10504E

MAX 085S
F1x ACCRY FIXx  FLI LVL wlND
CAT NAVeMET VL UIH VEL BRG ANG
SAT ir or 97 /7 HHS)  PCN
SAT (IR DATA ) PCN
SAl {1 osr 0 7ss /231HS) PCN
SAT IR LATA ) PCm
Saf (IR DATA ) PN
SAT (IR DATA ) PewN
SAT (72.0/2.0 / /7 HKHS)
54l Y 0/ 0 /S /25HRS)  BCN
Sat (IR DAYA ) BCN
SAT 111.0/1.5 7 / HRS) PCN
Sal {IR vara ) PCN
SAT (IR DATA ) PCN
SAT CIR DATA »  PCN
SATl (IR DATA )
SAl (IR DATA } PCN
SAT (IR DATA }  PCN
Saf (IR DATA }PCh
SAT (T2+0/2.0 /DLeV/19HRS) PCN
SAT (IR UATA ) PCN
SAT (T3¢0/3,0 /01.0/230KS)

SAT (T2.40/2,0 /7D2.0/231RS)  PCN
[ 4 5 S5 1500 v 30 350 100
SAT (IR DATA 1 PCn
P 7 12 700 l2v 22 60 35
P S 7 700 J8v 38 100 1lus
SAT PCt
SAT PCN
sal (IR DATa ) PCN
SAT 112.0/2,0 7 / HRS) PCn
SAT (T2.5/2,5 7 / HRS)  PCN
SAt 11340/3,0 7D1.0/25HKS) PeN
P s 10 700 2\0 30 150 o5¢

SAT 11345/3.5 /DUD/25HKS)
sAal 113:0/3,0 /Dlav/251RS) PN

P2 T 700 25¢ 42 190 35
P 3 10 500 <0vu 32 110 20
SAT - (IR DATA ) PCw
SAT (IR DATa )y PCN
SAT (IR DATA ¥ BCN
SAT (IR DATA ) PCN
SAT (IR DATA ] PCN
SAT (IR DATA )

SAl (IR DATA ) PCN
sai (IR DATA )} PCN
P2 12 500 16V 42 60 120
£ 2 12 500 <oV 230 170 180
SAT (T3.0/3,04/ 5 /22HRS)  PCM
SAT §73.0/3,0 704.U/724HRS) PCN
SAT (T4e0/4,0-/01.0/7241KS) PCN
SAT (IR DATA ) PCN
P 5 10 700 80 40 330 40

LRUR -

P 5 5 700 200 33 170 80
SAT (IR DATA ) PCN
SAF (IR DATA ) PCN
SAT (IR OATA ) PCN
SAT (IR DATA ) PCN
SA) (IR DATA ) PCN
SAT (IR DATA ) PCN
SAT (IR DATA ) PCN

P 3 12 700 160 40 60 @0
P 2 S 700 13V S5 30 50
SAI  (T3.5/3,5 /D0.5/724HRS)  PCN
SAT (IR DATa ) PCw
SAT 17345/3.5 7 /7 HRS)

SAT (IR DATA ) PCN
SAT (F4e0/4.04/5  /30MRS}  PCN
P 10 L 700 110 58 360 55
SAT {IR DATa } PCN
SAT {IR DATaA ) PCN
SAT $IR DATA )} PCN
SAT [ ]]

SAT IR DATa )

Sal IR DATA Y PCN
SAl PCN
SAT (1500/5,0=/DLU/20HNS)  wCN
Sat (T445/4.5 /01oU/23HNRS)

SAT (1540/5.0 / / HNS)  PCN
SAT (T460/4,0-/ 7/ HRS) PCN
SAT (IR DATA ) PCN
SAl LIR DATA ) PCN
sal {IR DATA ) PCN
SAT (IR DATA » PCN
SAT (T320/4,0-/Wis0/19HRS)  PCN
SAT (T445/5,0=/W0.2/24HKRS) PCn
SAT (T3e574,5 /Wie5/23HHS)  PCN
sAl (1K DATA }  PCN
SAT (IR DATA ) PCN
SAT (IR DATA )} PCN
SAT (IR DATa ) PCN

1YPHUUN Saran
F1x POSITIONS FOR CYCLUNE NO.

12002716 JUL TO lenv2 €1 Jut
HAX UBS
SEC 4IND

vEL HRG

S NOAA-5
5 HOAA-5
5 NOAA-5
5 UMSP
5 N0AA-5
5 UNSP

NOAA-5
S NOAA-5
5 UMSP
5 UMSP
5 OMSP
5 UMSP
5 NOAA-S

NOAA-5
5 DMsP
5  UMSP
5 UMSP
4 UMSP
5 UMSP

NOAA-5
6 NOAA-S
307350
5 UMSP
U 40
25 100
5 UMSP
6 UMSP
S NOAA-5
6 UMSP
S OMSP
4 UMSP
3u 150

NOAA-§

(PO S il VR R Y
<
X
w
»

86

5
uBs

MEN

RNG SLP

(CONF 02)

(CONF 02)

{CONF Q1)
10 1002

1001
100¢

30
95

50 -
(CONF 02)

30 98y

(CONF 02)

20 -

- 99l
991

(CONF 02}

55 98s

(CONF 01)

(CONF 01)

MENM - FLT

70088 LvL
HG!  TI/t0
- 22 23
- 23 23
30Y 13 j2
- 1311
297 11 11
=" =3 -2
- 2 2
- =3 -3
- 43+5
303 1211
304 1l lc
304 1213
29> 13 12

EYE
FURM

URIEN- EYE
taliun  DIA

PUSLT
JF
HADAH

15428 12046E

MSN
NMHR

wN

P

>

axx



NOo

& =NTU & -

(IME

14922037
1922n37
1982037
2001457
2002247
2019402
20611217
2ul1257
2021447
2021447
202146/
2023577
210211¢
2102117
2io2ty1e
2109197
2110277
2119277
2110282
2110%4¢
2112347
2112337
211as532
211432
2115112
21212q7
2121297
2ie12az
2201107
220331¢
2203357
220338/
2219117
2219117
2211337
22115+7
2214357
2214362
2215467
22205n7
2222537
2222%42
28¢2547
22231a2
23002472
2302162
2303an2
2303182
23u31.37
23031837
2303117
23u31R7
2303222
2304002
2305007
23u6007
2307007
230800/
2311uk7
2311352
2311352
2312v12
2312022
2313022
2315502
2315592
2316007
2316007
2321357
2322347
232237
2323n57
2323047
2401007
2401007
2601317
2401387
2402007
2403007
240300/
24030072
2409007
2406007
2407002
2409002
2409427
24110n/7
2411192
2411522
2411597

POSIT

130N
137N
1368
13.8n
13.5N
13.2N
14,58
190N
144N
14.2N
16,98
14468
14.8N
15.4N
193N
15+6N
19.5nN
156N
15.7IN
15.64
15.5N
152N
157N
193N
155N
159N
159N
TN
16.1N
1644N
176208
1645n
1/e0M
17454
17.1N
173N
17.0N
173N
V740N
1738
17.7n
1745
17.5N
176N
177N
176N
17.5N
18.1n
182N
17.9N
182N
18. 1N
8.l
17.7N
17.84
1B.0N
18.4N
18.6N
18,34
1848N
18BN
18.8N
188N
18.7N
19.0n
1940N
19,00
192N
19.6N
195N
19.3n
194N
1Y.48
19.06N
19.7N
18.6N
197N
19.7N8
19.8N
19.8N
199N
19.8N
19.9%
20.0N
20,38
20458
20.5N
20018
200N
PUeAN

1295t
129+5E
133.7E
13v.1E
133e9E
132.1€
131.2€
131esE
130+9E
130+5€
130+0E
130¢2€
129+7E
129.9E
129¢8E
12845E
1284 2E
126+6E
12843E
12842E
127e9t
12743E
127+7€
127e7E
12be0k
1277E
128enE
127+7E
127«7E
lzeo7E
127.1E
12049E
1257
125enE
125¢4E
1ebe1t
125e0E
124+6E
12%e8E
124+ 3E
124+ 1E
12%«2E
124+2E
123+8E
123+8E
122+5E
123e4E
123e5E
123¢4E
123+5E
123.5E
123+4E
12344E

119e4E
119 7L

Fl&

aCCRY FIER

1YPHOUN

THELmMA

FIx PUSITIONS FOK CYCLUNE NO.

00002 21 JuL 10 gonul 26 JUL

MAX 0BS

CAl NAVSMET (vL VIR VEL BRG

Sal
sal
sat
SAT
SAT
Saf
SAT
SAl
SAl
sal
sal
SAl
sal
SAT
SaTl
)
sAT
Sal
SAl
P
SAT
SAT
SAf
SaT
P
sal
saT
SAT
SAT
P
SAl
SAT
SAf
SAT
SAl
SAT
SAl
SAl
P
P
SAl
SA¥
SAl
sSal
sal
SAT
LRDR
SAT
SAT
Sal
SAT
SA¥
P
LRUR
LRUR
LRUR
LRUR
LRUR
SaT
sai
sa¥
Sal
sal
SAl
SAT
P
SAl
saf
P
SAT
SAT
SAl
SAT
LRUR
LRUR
sal
SAT
LROR
Sal
SAl
SAT
LRUR
LRUR
LRUR
LROR
I3

LRUR
SAT
SAT
SATl

1

3

3

5

3
3

2

(T ws 07 /  HHS)

{1 osr Qv /  HHS)
(711e071.0 7 7/ HHS)
{IR DATA )
(IR DATA )
(IR DATA )
{IH DATa )
LIH DaTa )

(12e0/2,0 /DLeV/24MHS)
(T2e0/2,0 /DCeV/24HHS)
(T240/2,0 /D1e0/24HKHS)
(IR DATA ]
(IR DATA )
(IR DATA )
1R DATA ]
S 700 170 S0 130
LIR DATA
CIR DATA
{IR DATA
-10 700 - -
(IR DATA
(IR DATA
(IR DATA
(1R DATa
10 700 290 33 210
(T34573.5 /01.9/24HRS)
(T3e0/3,0 701 o0/724HRS)
11300/3,0 701.0/24HKS)
(IR DATaA »
S 700 1YV 40 150

(IR DATA )
(IR DATA )
CIR DATA )
(IR 0ATA )
(IR DATA )
CIR DATa )
CIR DATA 3
5  7u0 2Uv 55 110
3 juu 4y 60 360

(T4e0/4,0 /DLeU/2S5HRS)
(The0/440 /DleU/25HRS)
(The0/4,0 / /  HHS)
(IR DATA )
(T4.574,5 7 /  nnS)
(T4e5/0.9 7 7 HHS)
- 3260/
(IR DATA )
(Tao0/6.0 / / HHS)
(IR Dafa )
(IR DATA )
tJR DATa )
700 120 84 50
20610
21640
21610
20611
20451
{IR DATA )
(IR DATA )
{IR DATA )
(1R DATA )
(IR DATA )
)
}
0
)

LI I B A

tIR DATA
(IR DATA

2 700 180 601
(IR DATA
(IR DATa

3 700 340 55 270
(IR DATA )
(15.0/5.0 /D1.0/24HRS)
(15.0/5,0 7/ / HRS)
115.0/5,0 701 40/24HNHS)

- //

- 5//¢4/
{15.0/5.0 /00.3/23"(5)
tIR DATA
(IR DATA
(15,0/5.0 /ol.u/zanns)
(IR DATA

- 5//11

= 5711/

= 5//1f

- 5////

700 27v B8O 190

- 5////
(IR DATA )
(IR DATA )
(IR DATA )

FLT Lyl wlN

RnG

PCN
PO
PCN
PLr
(Lo
Lo ¥
PO

PO
LN
e
PCK
PCN
Pl
PCn
150
PCe
Pln
PC

PCw

PCN
PCN
50
(]
PCN
PON
N
220
PCh
PCn
PN
PCN
PCi
PCN
Pl
PCN
50
8
PCs
PCN
PN
PCN
PCn

PCN
PCh
PCN
PCN
PCn
15

PCH
PCh
PCN
PCN
PCN
PCh
PN

PCN
PCH

PCr

PCN
PCM
PCN

PCn

PCH
(o]
PCM

15

2
PCH
[

L)

MAX UnS (431
SFL WiInp Mlw

VEL "BRG

umMspP
UNSP
uMsP
uNsP
UNSP
UMSH
NOAA-S
NOAA-5
UMSP
UNSP
UNSP
KOAA-5
uMsP
UMSP
UMSP
95 130
S5  uUMSP
6 UMSP
S UMSP

whe e U‘OU1W\BO w

6 NOAA-5

NOAA-5
6 UMSP
6 UMSP
3 uMsP
5 UMSP
3 OMSP
3 NOAA-5
20 140
5  UMSP
5 UMSP
S OWsP
4 ONSP
6 UMSP
5 NOAA-5
& UMSH
5 uMsP

UMSP

umsP

uMSP

UMSP
NOAA-5
NOAA-5

UMSP
UMSP
UMSP
UMSP
UMSP
v S0

WO LT W

s ot g

3 NOAA-5
& UMSP
4 LMSP
3 UMSP
3 LMsSP
4 NOAA-S
2 umsP

1 UMSP
3 unasP

5 270
3 UnAsP
1 LusP
1 Dmsp
3 Dmsp

NOAA-5
1 NOAA-5
2 UMSP

1 UMSP
1 UMSP

8y 31v
6 UMSP

6 UMSP
3 UMsP

87

ANG  SLY

{CONF 01)

30 9v4

- 997
{CONF 01)

- LB}

20 vl

- 974
- 96>

(CONF 02)

15 960

- 964

1w 964

(CONF 01)

Hin  FLT
700M8  LVL
nGi - TI/TO
303 14 10
390 15 -~
290 13 13
29e 17T 12
283 16 13
217 1s 11
27+ 15 14
210 15 16
271 16 13
21¢ 20 10

EvE
FORM

CIRC

CINHC
kLlP

CIRC

ELiP

ELiP

URIEN
tatiun

N=S

[ 2 B I |

NeS

N=3

EYE
Dia

oV

20
15akv

LIS T I I I

55X 3

35XE3

PUSEF

UF

RADAR

22+0N
18.1N

22+0N
22+ON
22460
22+0n0

2200

1003t
120.5E

1204 3E
1203t
1doe3t
120.3L

1coa 3L

MSN
NMBw

*®

I



2412002
2412182
2412497
2414002
2415427
2415427
24166007
2417002
2418007
2422192
2422197
2422537
2422532
2423002
2500452
2500542
2502422
2502432
2502432
2502432
2511012
2511012
2511342
2511382
2511422
2515247
2515252
2522027
2522022
2522022
2522022
2600012
2600107
2602252
26022712
2701232

205N
205N
20.6N
20.6N
2240N
20,7N
21.0N
22.1N
2l.4N
21.8N
2146N
2240N
P242N
2l N
22.7IN
224N
22.0N
229N
23.1n
229N
241N
241N
240N
240N
234N
25.8n
25.3N
27.1N
26.1N
26.6N
271N
26.0N
274N
281N
285N
33.1N

119+6E
119¢6E
119e6E
119s6E
119+6E
11943E
119.8E
119«8E
119.8E
120s0E

12us2E 7

12001E
12001E
119.9E
120+0E
12044E
12243E
120+2E
120s1E
12043E
1201
120+2E
11949E
120.0E

12) ¢ 0E.

y22.2E
120+0E
119.5E
119.8E
120e4E
119+6E
121 e6€
119¢3E
119+4E
119+5€
11645E

LRUR
SAT
SAT
LROR
SAT
SAT
LRDR
LRDR
LROR
SAT
sat
SAT

LROR
SAT
SAT
saf
SAT
sat
SAT
SA¥
sal
SAT
SAT
sal
Safl
SAT
SAT
SAT
sat
SAT
sal
SAT
SAT
SAT
SAT

= 4/1/7
(IR DATa )
(IR DATA )
= 4/
(IR DATA )
{IR DATa )
~ 44/
=41
- 1020/
$T1560/5,0=/5  /231HS)
(T5.0/5.0 /S  /24HRS)

(IR DATA )
(IR DATA )
= 10535

(T445/4,5 /W045/23HRS)
(IR DATA }
(15.0/5.0 / /7 HRS)
{1R DATA }
(T4e0/ 5,0=/81 4 0/24MRS)
(150/5,0 /S  /28HRS)
(IR DATa )
{IR DATA )
(IR DATA )
(IR DATA )
(IR DATA )
(IR DAFaA )
(IR DATA )
(T245/3,5=/W2.5/24HRS)
(13e5/4,5=/W) . 5/24HKS)
11345/4,5=/W15/19HRS)
(IR DATA )
(73.5/4,0 /Wle0/23HRS)
(IR DATa )
{IR DATA
(IR DATa
(IR DATA

-

PCr

Pl
PCN

PCN
PCN
PCN
PCN

PCN
PCN
PCN
PCN
PCN
PCN
PCN
PCN
PCN

PCN
PCN
PCN
PCN
PCN
PCN

PC
PCN
PCN
PCN

3 NOAA-S
NOAA-S

3 UMSP
3 Omsp

UMSP
uMsP
UMsP
UMSP

- 2 e

NOAA-5

UMSP
UNSP
oMSP
UMSP
UMSP
UMSP
NOMV‘S
UMSP

NOAA-S
UMSP
UMSP
UMSP
OMSP
UNSP
OMsP

NOAA-5

5 NOAA-5

5 DMSP

3 UMSP

COOVRN WINOO W~

5 NOAA5

88

(CONF 02)

{CONF Q1)

(CONF Q1)

{CONF a1}

226N

224N

22+6N
2246N
226N

22+ 00

120e4d€

12043t

1d0e3L
140e3E
12ve3t

1204 3E



