
v^ 

I 
I.. 

^flJAB TYPeo- 
^efunt 

FLEET WEATHER CENTRAL/JOINT TYPHOON WARNING CENTER 
Guam, Mariana Islands 

SEE  EDGE INDEX 
ON   BACK   COVER 



REPORT DOCUMENTATION PAGE Form Approved OMB No. 
0704-0188 

Public reporting burder for this collection of information is estibated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing 
and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing this burder to Department of Defense, Washington 
Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302. Respondents should be aware that notwithstanding any other provision of 
aw, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS. 

1. REPORT DATE (DD-MM-YYYY) 
01-01-1995 

2. REPORT TYPE 
Annual Typhoon Report 

3. DATES COVERED (FROM - TO) 
xx-xx-1995 to xx-xx-1995 

4. TITLE AND SUBTITLE 
1973 Annual Typhoon Report 
Unclassified 

5a. CONTRACT NUMBER 
5b. GRANT NUMBER 
5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S) 
Buckmaster, Albert T. 
Atkinson, Gary D.; 

5d. PROJECT NUMBER 
5e. TASK NUMBER 
5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME AND ADDRESS 
Joint Typhoon Warning Center 
425 Luapele Road 
Pearl Harbor, HI96860-3103 

. PERFORMING ORGANIZATION REPORT 
NUMBER 

9. SPONSORING/MONITORING AGENCY NAME AND ADDRESS 
Naval Pacific Meteorology and Oceanography Center 
Joing Typhoon Warning Center 
425 Luapele Road 
Pearl Harbor, HI96860-3103 

10. SPONSOR/MONITORS ACRONYM(S) 
11. SPONSOR/MONITORS REPORT 
NUMBER(S) 

12. DISTRIBUTION/AVAILABILITY STATEMENT 
APUBLIC RELEASE 

13. SUPPLEMENTARY NOTES 
See Also ADM001257, 2000 Annual Tropical Cyclone Report Joing Typhoon Warning Center (CD includes 1959-1999 ATCRs). Block 1 and 
Block 3 should be 1973. 
14. ABSTRACT 
The body of this annual report summarizes Western North Pacific Tropical Cyclones. Annex A summarizes tropical cyclones from 180 
degrees eastward to 140 degrees west,and Annex B summarizes tropical cyclones in the Bay of Bengal. The eastern North Pacific tropical 
cyclone symmary has been discontinued beginning with the 1973 season; the U.S. National Weather Service will assume responsibility for 
publication of this summary in Mariner's Weather Log and Pilot Charts. 
15. SUBJECT TERMS 
16. SECURITY CLASSIFICATION OF: 

a. REPORT 
Unclassified 

b. ABSTRACT 
Unclassified 

c. THIS PAGE 
Unclassified 

17. LIMITATION 
OF ABSTRACT 
Public Release 

18. 
NUMBER 
OF PAGES 
107 

19. NAME OF RESPONSIBLE PERSON 
Fenster, Lynn 
lfenster@dtic.mil 

19b. TELEPHONE NUMBER 
International Area Code 
Area Code Telephone Number 
703767-9007 
DSN 
427-9007 

Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std Z39.18 



L04I-U    J.-X.UI 

I     i     i     I      '    ' 

-t 1 1 1- 

-t— i—i—l i—+—f—I— 

hrS: 

if I 

r 

->C    ■ 

- i--i - i   <  f 

t~*=r-'—*—*r&^   :—t- 
~-   -    f   to* 

??1 

-I' 

.   | + ( 1 |_ 

.'P 

■Wi 

b 

.E* 

_,_   f-4—1- 

-*^y} 

B, ...Jtj 

bi 

•3   V 

o 
O 

0) 

E £ 
CO 0 
^3 

3 CD 

o> a> 

o _o 
bit o 

cl   * 
_   c 
o   ° 
O     <D 

■ ■Mi o 3 
«I 

^^ C 
1 c 

0) 
>t o. 

>» 
0 

■Mi ^^ 
o 

■■■i £ C/> 
cz o 
o «a 

c^ «A 

c/> £ o 
^ o 

o 
00 
p^ 

o *■■' 

>» 
CO L. 

D 
CD E 



U. S. FLEET WEATHER CENTRAL 
JOINT TYPHOON WARNING CENTER 

COMNAVMARIANAS  BOX   17 
FPO SAN FRANCISCO   96630 

ALBERT T. BUCKMASTER 
Captain, United States Navy 

COMMANDING 

GARY D. ATKINSON 
Lieutenant Colonel, United States Air Force 

DIRECTOR, JOINT TYPHOON WARNING CENTER 

STAFF 

LCDR Leo H. Craiglow, Jr., USN 
LCDR Gordon W. Safley, USN 
LT Stephen G. Colgan, USN 
LT Orlin R. Scrivener, USN 
CAPT Charles R. Holliday, USAF 
CAPT Dennis M. Koyama, USAF 
1LT J. Francis Pratte, USAF 
MSGT Gerald E. Page, USAF 
SSGT Earl W. Schneider, Jr., USAF 
SSGT H. Ronald Wells, USAF 
AG3 Lawrence E. McMullen, USN 
SGT David A. Dow, USAF 
SGT Calvin L. Hyer, USAF 
SGT Edgar C. Riberdy, USAF 
AGAN Paul M. Cooper, USN 
AGAN Joseph Onder, USN 
AGAN Branko Pavlovic, USN 
Mrs. Judy L. Hudson 

CONTRIBUTOR 

CAPT Charles P. 'Arnold, Jr., USAF, Det 1, 1WW 

1973 
ANNUAL TYPHOON REPORT 



FOREWORD 

The body of this annual report sum- 
marizes western North Pacific tropical 
cyclones.  Annex A summarizes tropical 
cyclones in the central North Pacific from 
180° eastward to 140°W, and Annex B sum- 
marizes tropical cyclones in the Bay of 
Bengal.  The eastern North Pacific tropi- 
cal cyclone summary has been discontinued 
beginning with the 1973 season; the U.S. 
National Weather Service will assume res- 
ponsibility for publication of this summary 
in Mariner's Weather Log and Pilot Charts. 

Fleet Weather Central/Joint Typhoon 
Warning Center (FLEWEACEN/JTWC), Guam 
has the responsibility to: 

1. Provide warnings to U.S. 
Government agencies for all tropical 
cyclones north of the equator and west of 
180° longitude to the coast of Asia and 
the Malay Peninsula; 

2. Provide warnings for the area 
north of the equator from the Malay 
Peninsula west to 90°E; 

3. Determine tropical cyclone 
reconnaissance requirements and assign 
priorities; 

4. Conduct investigative and 
post-analysis programs including pre- 
paration of the Annual Typhoon Report; 
and 

Asian Tactical Forecast Center, Fuchu 
(formerly Air Force Asian Weather Central), 
coordinating with the Naval Weather Ser- 
vice Environmental Detachment, Yokosuka, 
is designated as the alternate JTWC in 
case of the incapacitation of FLEWEACEN/ 
JTWC Guam. 

The JTWC is an integral part of 
FLEWEACEN Guam and is manned by four 
officers and five enlisted men each from 
the Navy and Air Force.  The senior Air 
Force officer is designated as Director, 
JTWC. 

The western North Pacific Tropical 
Cyclone Warning System consists of the 
Joint Typhoon Warning Center and the U.S. 
Air Force 54th Weather Reconnaissance 
Squadron stationed at Andersen Air Force 
Base, Guam. 

The Central Pacific Hurricane Center, 
Honolulu, is responsible for the area 
from 180° eastward to 140°W and north of 
the equator.  Warnings are issued in 
coordination with FLEWEACEN Pearl Harbor 
and the Air Force Central Pacific Forecast 
Center, Hickam Air Force Base, Hawaii. 

CINCPACFLT, CINCUSARPAC, and CINCPACAF 
are responsible for further dissemination 
and, if necessary, local modification of 
tropical cyclone warnings to U.S. military 
agencies. 

5.  Conduct tropical cyclone 
analysis and forecasting research. 
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CHAPTER!  —   OPERATIONAL PROCEDURES 

1. GENERAL 

Services provided by the Joint Typhoon 
Warning Center (JTWC) include forecasts of 
tropical cyclone formation, location, in- 
tensity, direction and speed of movement, 
and horizontal extent of critical wind 
speeds.  This information was disseminated 
in 1973 by:  (1) Tropical Cyclone Forma- 
tion Alerts issued when formation of a 
tropical cyclone was anticipated; (2) Tro- 
pical Cyclone Warnings issued four times 
daily whenever a significant tropical 
cyclone was observed in the JTWC primary 
area; and (3) Tropical Cyclone Warnings 
issued twice daily whenever a significant 
tropical cyclone was observed in the JTWC 
secondary area. 

FLEWEACEN Guam provides manual and 
computerized meteorological/oceanographic 
products for the JTWC.  Communications 
support is furnished by the Nimitz Hill 
Message Center of the Naval Communications 
Station, Guam. 

2. ANALYSES AND DATA SOURCES 

a. FLEWEACEN GUAM ANALYSES: 

(1) Surface mercator analysis, 
Northern and Southern Hemispheres, western 
Pacific and Indian Ocean areas; 000ÖZ, 
0600Z, 1200Z, and 1800Z. 

(2) Gradient streamline analysis 
of Asia and the western Pacific; 0000Z and 
1200Z. 

(3) Surface meso-analysis of the 
South China Sea region; 0000Z and 1200Z. 

(43  Composite surface analysis of 
the Indian Ocean area; twice daily. 

(5)  Sea surface temperature 
charts; daily. 

b. JTWC ANALYSES: 

(1) Gradient level (3,000 feet) 
streamline analysis (south of 20°N) and 
isobaric analysis (north of 20°N); 0000Z 
and 1200Z. 

(2) 700-mb and 500-mb, contour 
and streamline analysis; 0000Z and 1200Z. 

(3) A composite upper tropospheric 
streamline analysis utilizing rawinsonde 
data from 250-mb to 150-mb and AIREPS at 
or above 29,000 feet; 0000Z and 1200Z. 

(4) Reconnaissance data.  Obser- 
vations from weather reconnaissance air- 
craft are plotted on large-scale sectional 
charts. 

(5) Time cross sections of 
selected tropical stations. 

(6) Additional and more frequent 
sectional analyses similar to those above 
during periods of tropical cyclone acti- 
vity. 

c. SATELLITE DATA: 

Satellite data, especially DMSP 
(formerly DAPP) satellite imagery, played a 
major role in the early detection of tropi- 
cal cyclones in 1973. This aspect, as well 
as applications of satellite data to tropi- 
cal cyclone tracking, is discussed in Chap- 
ter II. 

d. RADAR: 

Land radar reports, when available, 
were used for tracking tropical cyclones 
during the 1973 season.  Once a storm moved 
within range of a land radar site, reports 
were usually received hourly.  Use of radar 
during 1973 is treated in Chapter II. 

e. COMPUTER PRODUCTS: 

Use of the varian plotter by the 
FLEWEACEN Guam computer center during 197 3 
eliminated a significant portion of the 
JTWC hand plotting effort.  Varian charts 
are produced routinely at synoptic times 
for the surface, 850-mb, 700-mb, and 500-mb 
levels.  Additionally, a chart of the upper 
tropospheric circulation is produced.  This 
chart uses 200-mb rawinsonde data and 
AIREPS above 33,000 feet and within six 
hours of the 0000Z and 1200Z synoptic times. 
Data not in the proper format for the com- 
puter are hand plotted on the charts. 
These include pibal gradient level winds, 
low cloud movement, and missing or late 
synoptic reports necessary for a detailed 
analysis. 

In addition, the standard array of 
synoptic-scale computer analyses and prog- 
nostic charts from the Fleet Numerical 
Weather Central at Monterey, California 
are available. 

JTWC utilized extensively the 
FLEWEACEN Guam computer center for objec- 
tive typhoon forecasts and for statistical 
post analysis. 

3. FORECAST AIDS 

a.  CLIMATOLOGY: 

Various climatological publications 
listed in the Annual Typhoon Report, 1972 
(FWC/JTWC) were utilized in addition to 
those received recently which include: 

(1) Tropical Cyclone Climatology 
for the China Seas and Western Pacific 
from 1884 to 1970 (Royal Observatory, Hong 
Kong, 1972). 

(2) North Pacific Tropical Cyclone 
Vector Mean Charts (Crutcher, H. L., 1973). 

(3) North Indian Tropical Cyclone 
Vector Mean Charts (Crutcher, H. L. and 
Nicodemus, M. L., 1973). 

(4) A Climatology of Typhoon and 
Tropical Storm Tracks Arranged by Month 
and Point of Origin (Ocean Data Systems, 
Incorporated, 1973). 



(5) Tropical Cyclones of the North 
Indian Ocean (Sadler and Gidley, 1973) 
ENVPREDRSCHFAC Tech Paper No. 2-73. 

(6) The Typhoon Analog Computer 
Program (TYFOON) described in the 1972 
Typhoon Analog Program (TYFOON-72). 

b. EXTRAPOLATION: 

Extrapolation of storm movement 
using 12-hour mean speed and direction was 
the most reliable objective method for both 
24- and 48-hour forecasts.  Forecasts are 
determined by simple linear extrapolation 
using the 12-hour old best track position 
and the current warning position. 

c. OBJECTIVE TECHNIQUES: 

During 1973, the following objec- 
tive forecasting methods were employed: 

(1) ARAKAWA - Regression forecasts 
derived from surface pressure grid values. 

(2) MOHATT (Modified HATRACK) - 
Steering by geostrophic winds derived from 
smoothed height fields at 850-mb and 700-mb 
levels modified by 12-hour history inputs. 

(3) TYMOD - Program selects best 
steering level using global band upper air 
fields (GBUA) from FLENUMWEACEN Monterey 
modified by 12- or 24-hour history inputs. 

(4) TYFOON - Analog weighted mean 
track. 

4. FORECASTING PROCEDURES 

a.  TRACK FORECASTING: 

An initial track based on persis- 
tence blended subjectively with climatolo- 
gy is developed for a 3-day period.  This 
initial track is subjectively modified by 
the following: 

(1) Recent steering is evaluated 
by considering the latest upper air anal- 
yses as representative of the average upper 
air flow over the past 24 hours.  (The 
latest upper air analyses are about 12 
hours old, thus roughly representing the 
mid-point of the last 24-hour time inter- 
val).  By this technique, actual past 24- 
hour movement serves to indicate the best 
steering level as well as the effectiveness 
of steering. 

(2) Objective techniques are con- 
sidered, with the techniques being ranked 
according to their past performance on 
similar storms. 

(3) Twenty-four hour height change 
analyses are evaluated for forecast track/ 
speed changes (Hoover, Devices for Fore- 
casting Movement of Hurricances, Manuscript 
of U.S. Weather Bureau, 19S7). 

(4) The prospects of recurvature 
are evaluated for all westward moving 
storms.  The basic requisites for this 
evaluation are accurate continuity on mid- 
latitude troughs and numerical progs to 
indicate changes in amplitude or movement. 
Relative position and strength of the sub- 
tropical ridge and northward tendency due 

to internal forces are also important 
considerations. 

(5)  Finally, a check is made 
against climatology to ascertain the like- 
lihood of the forecast.  If the forecast 
track is climatologically unusual, a re- 
appraisal of the forecast rationale is 
conducted and adjustment made if warranted. 

b.  INTENSITY FORECASTING: 

For intensity forecasting, heavy 
reliance is placed on short term trends, 
climatology, and the satellite interpreta- 
tion model developed by Mr. Vernon Dvorak 
of the National Environmental Satellite 
Service.  After these initial inputs, 
further factors considered are upper ttopo- 
spheric evacuation and possible terrain 
influence. 

5. WARNINGS 

Tropical cyclone warnings are 
numbered sequentially.  If warnings are 
discontinued and the storm reintensifies, 
as Typhoons Dot, Ellen, and Patsy did this 
year, 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 designator to in- 
dicate it is an amended warning.  Forecast 
positions are issued at 0000Z, 0600Z, 
1200Z, and 1800Z.  The forecast periods are 
12-hr and 24-hr for tropical depressions 
and 12-hr, 24-hr, 48-hr, and 72-hr for 
typhoons and tropical storms. 

Forecast periods are stated with 
respect to warning time.  Thus, a 24-hour 
forecast verified 26 1/2 hour after the 
aircraft fix data, 30 hours after the 
latest surface synoptic chart, and 30 or 
36 hours after the latest upper air charts. 

Warning forecast positions are ver- 
ified against the corresponding post anal- 
ysis "best track" positions.  A summary of 
results from 1973 is presented in Chapter V. 

6. PROGNOSTIC REASONING MESSAGE 

Whenever warnings on typhoons and trop- 
ical storms are being issued, a prognostic 
reasoning message is released at 0000Z and 
1200Z.  This message is intended to provide 
the field meteorologist with the reasoning 
behind the latest JTWC forecasts. 

7. TROPICAL WEATHER SUMMARY 

This message is issued daily from 1 May 
through 31 December and otherwise when 
tropical cyclone formation is forecast or 
observed.  It is issued at 0600Z and de- 
scribes the location, intensity, and like- 
lihood of development of all tropical low 
pressure areas including upper tropo- 
spheric lows and significant cloud masses 
detected by satellite. 

8. TROPICAL CYCLONE FORMATION ALERT 

Alerts are issued when the formation of 
a tropical cyclone is anticipated.  These 
messages are issued as required and are 
valid for up to 24 hours unless cancelled, 
superseded, or extended. 



CHAPTER II RECONNAISSANCE & COMMUNICATION 

1. GENERAL 

The Tropical Cyclone Warning Service 
depends on reconnaissance to fix the loca- 
tion and determine the intensity of tropi- 
cal cyclones.  Due to the vastness of the 
warning area and the scarcity of reporting 
stations, land and ship reports are not 
sufficient for these determinations.  In 
the past, aircraft reconnaissance was used 
almost exclusively to determine position 
and intensity.  With the increasing satel- 
lite capability during the last several 
years, satellite derived data have assumed 
greater importance.  During the past season 
Defense Meteorological Satellite Program 
(DMSP) data were used for positioning and 
intensity estimates approximately one- 
fourth of the time. 

2. RECONNAISSANCE RESPONSIBILITY AND 

SCHEDULING 
Aircraft weather reconnaissance is per- 

formed in the JTWC area of responsibility 
by the 54th Weather Reconnaissance Squadron 
(54 WRS).  The squadron, equipped with nine 
WC-130 aircraft, is located at Andersen Air 
Force Base, Guam.  The JTWC reconnaissance 
requirements are sent daily to the Tropical 
Cyclone Reconnaissance Coordinator.  These 
requirements include areas to be investi- 
gated, forecast position of cyclones to be 
fixed, and standard synoptic tracks to be 
flown. 

Four fixes per day, at six-hourly inter- 
vals, are required (CINCPACINST 3140.1L) on 
all significant tropical cyclones in the 
JTWC primary area of responsibility (see 
inside front cover).  Two fixes per day are 
required in the secondary area.  During the 
past season, extensive use was made of the 
Selective Reconnaissance Program (SRP) to 
fulfill these requirements. 

The SRP was implemented in 1972 to alle- 
viate pressure on overtaxed aircraft recon- 
naissance assets.  The SRP attempts to op- 
timize the entire reconnaissance system by 
using each reconnaissance platform (air- 
craft, satellite, and surface radar) under 
optimum conditions whenever possible. Va- 
rious factors are considered in selecting 
which reconnaissance platform to use for 
any warning, e.g., the cyclone's location 
and stage of development, the DMSP satel- 
lite times and areal coverage, availability 
of land radar reports, the cyclone's threat 
to specific U.S. interests, aircraft oper- 
ational limitations (e.g., one fix versus 
two fix missions), etc. 

Aircraft reconnaissance continues to 
be the best method for determining tropical 
cyclone position, intensity, and structure 
(i.e., radius of wind speeds of various in- 
tensities). Only the aircraft can provide 
direct measurements of height, temperature, 
and wind at flight altitude, sea level 
pressure, and other parameters. The air- 
craft also provides much greater flexibili- 
ty in time and space compared to the other 
platforms. DMSP satellites provide day and 
night coverage of the JTWC area of respon- 
sibility.  DMSP satellite imagery provides 

estimates of cyclone positions and, for day- 
time passes, estimates of intensities using 
the Dvorak technique (NOAA TECHNICAL MEMO- 
RANDUM, NESS-45).  In addition, satellite 
data used in conjunction with conventional 
data can provide estimates of the radii of 
various wind speeds.  The primary disadvan- 
tages of satellites is that the coverage is 
often not timely for warning purposes and 
the satellite provides no direct measure- 
ments of parameters closely related to tro- 
pical cyclone intensity.  Land radar pro- 
vides useful positioning data when tropical 
cyclones are located near the Republic of 
the Philippines, Hong Kong, Taiwan, or Japan 
(including the Ryukyus or other islands). 
It does not, however, provide measurements 
or estimates of tropical cyclone intensity 
or structure.  The following sections sum- 
marize the JTWC utilization of the various 
reconnaissance platforms during 1973. 

3.  AIRCRAFT RECONNAISSANCE EVALUATION 
CRITERIA 
The following criteria are used to eval- 

uate aircraft reconnaissance support to the 
JTWC. 

a. Six-Hourly fixes - To be counted as 
made on time, a fix must satisfy the fol- 
lowing criteria: 

(1) Made not earlier than 1/2 hour 
before to 1 hour after scheduled fix time. 

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

(a) Cyclone dissipation; or 

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

(3) If penetration not possible due 
to geographic or other flight restriction, 
radar fixes are acceptable. 

b. Levied 6-Hourly fixes made outside 
the above limits are scored as follows: 

(1) Early - fix made within the 
interval from 3 hours to 1/2 hour prior to 
levied fix time.  No credit given for early 
fixes made within 1 1/2 hours of the pre- 
vious fix. 

(2) Late - fix made within the in- 
terval from 1 hour to 3 hours after levied 
fix time. 

c. When 3-Hourly fixes are levied, 
they must satisfy the time criteria of 
paragraph one in order to be classified as 
made on time. Three-Hourly fixes made that 
do not meet the above criteria are classi- 
fied as follows: 

(1) Early - fix made within the 
interval from 1 1/2 hours to 1/2 hour prior 
to levied fix time. 

(2) Late - fix made within the in- 
terval from 1 hour to 1 1/2 hours after 
levied fix time. 



d. Fixes not meeting the criteria of. 
paragraphs one, two, and three are 
scored as missed.  Requirements levied with 
less than 24 hours notification, if missed, 
are counted as unfulfilled.  If the squadron 
is in an alert posture, the fix is scored 
as missed vice unfulfilled. 

e. Levied fix time on an "as soon as 
possible" fix is considered to be: 

(1] Sixteen hours plus estimated 
time enroute after an alert aircraft and 
crew are levied; or 

(2) Four hours plus estimated time 
enroute after the DTG of the message levying 
an ASAP fix if an aircraft and crew, pre- 
viously alerted, are available for duty. 

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

(1) Aircraft must be within 250nm 
of the levied investigative point by the 
specified time. 

(2) The specified flight level 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 when 
within 2S0nm of the investigative point. 

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

(5) Specified investigative track 
must be flown. 

(6) Aircraft must contact JTWC be- 
fore terminating the investigative. 

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

(1) Late - aircraft is within 250nm 
of the investigative point after the speci- 
fied time, but prior to the specified time 
plus 2 hours. 

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

h. Requirements levied as "resources 
permitting" are not evaluated. 

4.  AIRCRAFT RECONNAISSANCE SUMMARY 

There were 362 required six-hourly 
fixes in 1973, representing a record low 
since establishment of the JTWC.  Of the 
362 required fixes, 227 or 62.4% were le- 
vied upon aircraft.  The remaining required 
fixes were satisfied by satellite, radar, 
extrapolation, or synoptic data.  The SRP 
made it possible, when there was a choice 
between aircraft, radar, or satellite, to 
reduce the aircraft levy.  By employing 
SRP, 45 fixes were levied upon satellite or 
radar, a savings of 16.54 in the use of 
aircraft.  In addition to the 227 fixes, 28 
investigatives were also levied on aircraft. 

This total aircraft levy is only 381 of the 
average levy from 1965 through 1973.  The 
mean deviation from the best track for all 
aircraft fixes was 16nm.  This is a 2nm de- 
crease from the average deviation for the 
past 3 years. 

The total of 227 fixes levied does not 
include intermediate fixes, which averaged 
131 for the past two years.  The decrease 
in the number of intermediate fixes -- 182 
in 1971, 81 in 1972, and none in 1973 -- 
and investigatives -- 179 in 1971, 81 in 
1972, and 28 in 1973 -- during the past 
three years resulted from a CINCPAC request 
to reduce intermediate fixes and the appli- 
cation of the DMSP satellite data (Section 
6). 

Table 2-1 summarizes reconnaissance ef- 
fectiveness.  Using the scoring criteria in 
Section 3, the 13 missed plus unfulfilled 
fixes, or 5.7% of the total levied fixes, 
represent a significant decrease from the 
previous two year average of 13.9%.  The 
percentage of late and early fixes rose 
from 10.6% in 1972 to 15.3% in 1973. 

TABLE   2-1.     AIRCRAFT  RECONNAISSANCE 
EFFECTIVENESS 

MUMBER OF 
LEVIED  FIXES PERCENT 

Completed on time 179 79.0 

Early 4 1.7 

Late 31 13.6 

Missed 11 4.8 

Unfulfilled 2 

227 

0.9 

100.0 

LEVIED vs.   MISSED  FIXES 

LEVIED MISSED PERCENT 

AVERAGE  1965   -   1970 507 10 2.0 

1971 802 61 7.6 

1972 624 126 20.2 

1973 227 13 5.7 

Figure 2-1 relates the number of fixes 
missed/unfulfilled to the monthly fix re- 
quirements and multiple-storm days, i.e., a 
day when two or more storms were active at 
the same time.  The 82 levied fixes in Oc- 
tober account for 36% of the total levied 
fixes.  October also included 42% of the 
multiple storm days and 30% of the missed 
fixes as compared to August which had 22% 
of the storm days, but 46% of the missed 
fixes. August, however, had only 21% of 
the levied fix requirements. 

Figure 2-2 compares the percentage of 
fixes and investigatives missed/late versus 
the number of storms per day.  The 26 days 
with 2 or more storms represents only 35% 
of the calendar days of warning; however, 
they encompass 75% of the missed/late fixes 
and investigatives.  This indicates, that 
even in a light season, concurrent storms 
can overtax current aircraft reconnaissance 
capabilities. 



5.  RADAR RECONNAISSANCE SUMMARY 

A total of 419 radar reports of tropi- 
cal cyclones were received during the 1973 
season, 409 from land stations, 3 from 
ships, and 7 from aircraft.  This is a sig- 
nificant decrease from 1972 when over 700 
radar reports were  received.  There are two 
primary reasons for this decrease, the large 
decrease in tropical cyclone activity from 
1972 to 1973 and the significant reduction 
of military activities in the western North 
Pacific and South China Sea areas. 

To evaluate the 1973 data in terms of 
quality, the land radar reports received 
were grouped into three accuracy categories, 
a method provided for in the WMO code.  The 
categories used are defined as good (less 
than 6nm), fair (6-20nm), and poor (greater 
than 20nm).  Using this stratification, 321 
of the reports were classified as good, 401 
as fair, and 28% as poor.  In addition to 
the above accuracy classifications which 
are derived from the radar operations, all 
land radar reports were compared to the 
JTWC best track positions and deviations 
computed.  The mean deviation was 12nm, a 
29%  decrease from the average of 17nm for 
the previous three years. 

The radar sites that provide some of 
the most significant coverage to JTWC are 
those whose surveillance borders within the 
Air Weather Service no-fly zone.  The Royal 
Observatory at Hong Kong provided valuable 
positioning information on 7 tropical cy- 
cyclones during 1973 in which geographical 
restrictions existed to reconnaissance air- 

craft.  Other locations which play similar 
roles are those situated on western Taiwan 
and Korea, although by the time a tropical 
cyclone reaches the latitude of Korea its 
radar presentation is often quite deterio- 
rated.  A key station for tracking tropical 
cyclones in the northwestern South China 
Sea during the Vietnam conflict was the 
Monkey Mountain site at Danang.  The loss 
of observations from this site last season 
proved quite critical during typhoon Ani- 
ta's trek into the Gulf of Tonkin this past 
July, adversely affecting units of the 7th 
Fleet. 

The receipt of land radar reports from 
national meteorological and AC§W sites in 
the Republic of the Philippines was greatly 
improved in 1973 compared to previous years. 
This improvement is attributed to recent 
improvements in the radar network, better 
communications, and closer liaison between 
U.S. military and Philippine officials. 

Of 17 tropical cyclones which came with- 
in the surveillance range of the Far East 
radar networks, four typhoons  Ellen, 
Billie, Nora, and Dot accounted for the ma- 
jority of radar reports.  Each of these 
storms was characterized during periods of 
observation by slow movement allowing for 
numerous position reports.  Billie while 
passing through the southern Ryukyus was 
under coverage of 6 radars simultaneously 
for a 12 hour period.  Radars of National 
Meteorological Services accounted for 70% 
of the 419 observations received at the 
JTWC for tropical cyclones during 1973. 
ACSW sites furnished 23% and Air Weather 
Service radars, contributed 81. 
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6.  SATELLITE RECONNAISSANCE SUMMARY 

Satellite reconnaissance information is 
provided to the JTWC by the Air Force De- 
fense Meteorological Satellite Program 
(DMSP) site collocated with the JTWC.  This 
site was established in May 1971.  During 
the 1971 storm season, DMSP data were avail- 
able to the JTWC forecasters but were not 
authorized by CINCPAC as a substitute for 
aircraft fixes.  Coincident with the site's 
establishment was the implementation of a 
Technique Development Program (TDP) de- 
signed to determine the potential of DMSP 
data as an alternative reconnaissance plat- 
form.  This was necessary as aircraft re- 
sources were being reduced and it was pos- 
sible that the remaining reconnaissance 
fleet would be subject to further reduc- 
tions.  Hence the SRP concept was intro- 
duced.  Under the SRP, the JTWC would se- 
lectively levy reconnaissance requirements 
on aircraft, high resolution satellites and 
land radar with the satellites expected to 
fulfill an increasingly important role. 

By the end of 1971, the TDP had estab- 
lished the viability of satellite derived 
storm positions and intensity estimates. 
Plans were then made to implement the SRP. 
During 1972, techniques used to position 
tropical cyclones and estimate their inten- 
sities from DMSP data were further refined. 
An organized approach to daily decision 
making on the use of DMSP data in lieu of 
aircraft was implemented beginning with Ty- 
phoon Phyllis in July 1972.  Factors such 
as satellite coverage of the storm, timeli- 
ness of the DMSP data, and quality of the 
position were considered in this decision 
process.  During the remainder of 1972, sa- 
tellite fixes were levied in lieu of air- 
craft 12% of the time.  During 1972, the 
Guam site provided the majority of satel- 
lite data used operationally by the JTWC. 
Data were received from other Pacific DMSP 
sites and the Air Force Global Weather Cen- 
tral (AFGWC) but there was no formal pro- 
gram to rely on these data. 

Prior to the start of the 1973 season, 
an SRP network was established consisting 
of Guam; Fuchu, Japan; and Nakon Phanom 
(NKP), Thailand (primary sites); and Kadena, 
Okinawa; Osan, Korea; and AFGWC serving as 
backup sites.  The network was designed to 
provide timely DMSP data to the JTWC 
through the Guam site which served as clear- 
ing house and quality control monitor.  The 
Guam site was also responsible to the JTWC 
for forecasting which of the primary sites 
or combination of sites would receive us- 
able fixes.  Regardless of whether such 
fixes were levied in lieu of aircraft, the 
sites affected would be notified by message 
to pass the required information to the 
JTWC.  As the data were received, processed, 
and analysed, data were first passed by 
phone to the Guam site and followed up by 
message to the JTWC. 

There are six position classes referred 
to by Position Code Numbers (PCN).  The PCN 
identifies the method of gridding and the 
type of circulation center; it also has as- 
sociated with it a set of statistics re- 
lated to its accuracy.  Table 2-2 provides 
the methods of center determination and 
gridding for each PCN.  The mean error, 

standard vector deviation, and sample size 
are given for the 3 major classes i.e. eye, 
well-defined circulation center, and poorly- 
defined circulation center.  While no sta- 
tistically significant difference presently 
exists between geographical and ephemeris 
gridded positions, it was decided to retain 
the gridding method as part of the PCN stra- 
tification to provide a check on the accur- 
acy of ephemeris gridding and to isolate 
any problems growing out of either geogra- 
phical or ephemeris gridding in the future. 

TABLE  2-2.     GUAM DMSP  SITE  TROPICAL 
CYCLONE  POSITIONING  STATISTICS,   1973 
(1972) 

METHOD  OF  CENTER 
I'CN        DETERMI.S'ATIONVGRTDDING 

MEAN 
ERROR   (NM) 

STANDARD VECTOfl            SAMPLE 
DEVIATION'   (NN)                 SIZF 

1         Eyc/Geography 

■2         1 ye/Lphemeris 
IS.*   (14.7) 17.8   (17.3)               40   ()S7) 

3 Well   Defined CC/üeography 

4 Well   Defined  CC/CiCOgraphy 
18.9 ;:i.o) 2Z.3   (Zt>. 3)               86   039) 

5 Poorly Defined CC/Ceography 

6 Poorly Defined CC/Geography 
55.8   (30.Z) 54.2   (36.6)               10   (294) 

NM ■ Nautical Miles 
CC  ■   Circulation   Center 

The 1972 figures which serve as the stan- 
dard are given in parentheses.  Table 2-3 
shows corresponding 1973 figures for NKP 
and Fuchu respectively. Only PCN's of 1 
through 4 are considered as quality fixes, 
i.e. location accuracy comparable on the 
average to that expected from the aircraft. 
It should be noted that only 31% of the po- 
sitions made during 1973 by the primary 
DMSP sites were of PCN's 5 or 6, a signifi- 
cant reduction from 1972 when 50% of the 
positions were classified in the poorly de- 
fined category. 

With only one operational satellite 
during the early part of the 1973 season 
(July and August), satellite coverage 
during the period 5 1/2 hours before to 1/2 
hour after warning time was available for 
52% of the warnings.  However, during the 
last part of the season (September, October, 
and November) with two functional satel- 
lites, 87% of the warnings had satellite 
coverage available during the same time 

TABLE   2-3.      DMSP  TROPICAL   CYCLONE 
POSITIONING  STATISTICS  1973 

NAKON  PHANOM,   THAILAND 

PCN 
MEAN 

ERROR   (NM) 
STANDARD VECTOR 
DEVIATION   (NM) 

SAMPLE 
SIZE 

1§2 16.8 20.0 47 

354 19.1 25.4 62 

556 48.1 66.3 85 

FUCHU,  JAPAN 

PCN 
MEAN 

ERROR   (NM) 
STANDARD VECTOR 
DEVIATION   (NM) 

SAMPLE 
SIZE 

1§2 15.4 17.7 37 

3§4 20.9 25.0 75 

556 36.2 51.4 26 



period.  For 24% of the 390 warnings issued 
by the JTWC, both satellite coverage and 
timeliness of the data were met simultane- 
ously.  In this context, timeliness is de- 
fined as having DMSP satellite data with 
nodal times of 1 1/2 to 3 hours (descending 
node) or 1 3/4 to 3 hours (ascending node) 
prior to warning time.  When quality PCN's 
are also stipulated, it was found that for 
only 14% of the warnings were coverage, 
timeliness, and quality PCN forecast to 
occur.  When the three criteria given above 
are anticipated, the forecast is referred 
to as SRP quality.  The verification rate 
for SRP quality forecasts during the season 
was 90%.  The actual use rate of satellite 
as the basis for warnings was considerably 
larger than the 14% which were forecast to 
be of SRP quality.  Altogether, 27% of the 
JTWC warnings were based on satellite data. 
Of the forecast SRP quality fixes, 25% were 
levied equating to 13% of the satellite 
fixes used for warnings.  The remaining 87% 
of the satellite fixes for warnings con- 
sisted of non-SRP quality and some addi- 
tional SRP quality which were forecast, not 
levied, but subsequently used.  A summary 
of these SRP statistics is given in Table 
2-4. 

There were a wide variety of satellite 
products available from the SRP network 
during the 1973 season both for real-time 
analysis by the individual sites and post- 
analysis conducted by the Guam site and the 
JTWC.  Historically, the types of data from 

TABLE 2-4.  SELECTIVE RECONNAISSANCE 
PROGRAM SUMMARY 

PARAMETERS RATIO PERCENT 

Number of cases where there 
was DMSP coverage of storm 
and timeliness for use in 
warning/total number of 
warnings issued 95/390 24 

Number of cases where there 
was coverage of storm, 
timeliness of data, and 
PCN < 4 (SRP Quality 
forecasts made)/total 
number of warning 
issued 56/390 14 

Number of SRP quality 
forecasts levied/number of 
SRP quality forecasts made 14/S6 25 

Number of SRP quality fore- 
casts used as basis for 
warnings/number of warnings 
based on satellite 14/107 13 

Number of warnings based on 
satellite/total number of 
warnings issued 107/390 27 

TABLE 2-5. DMSP IMAGERY DATA 
CHARACTERISTICS 
PARAMETER VISUAL INFRARED 

VHR     HR WHR IR 

Resolution 
(nautical miles) 0.33     2.0 0.5 2.0 

Bandwidth 
(micrometers) 0.4-1.1  0.4-1.1 8.0-13.0 8.0-13.0 

Equivalent 
blackbody 
temperature 
(»Kelvin) 217-307 210-310 

the DMSP satellites have remained essential- 
ly unchanged during the past three years. 
Satellite meteorologists at the SRP network 
sites had available Very High Resolution 
daytime and nighttime infrared (WHR), and 
High Resolution daytime and nighttime vis- 
ual (HR) and infrared (IR).  Table 2-5 pro- 
vides the imagery data characteristics. 

During daytime, VHR along with IR are 
the primary data used for positioning and 
intensity analysis.  In addition, visual 
and IR data enhancement techniques have 
been developed which often permit the ana- 
lyst to locate the circulation center when 
the primary data alone would result in a 
poorly defined center.  Likewise, nighttime 
position can often be classified as eye 
fixes or well defined centers as a result 
of having HR data from moonlight available. 
Marginal eye centers or well defined cen- 
ters not visible on WHR can frequently be 
determined with as little illumination as 
that provided by a half-moon. 

Satellite data are playing an increas- 
ingly larger role in tropical cyclone re- 
connaissance.  For example, the operational 
use of DMSP data has produced a significant 
decrease in the number of aircraft investi- 
gative flights flown.  For the two years 
preceeding the establishment of the SRP 
network (1970 - 1971) , the ratio of inves- 
tigative flights flown to the number of 
storms was 5.5:1, while for 1973 this ratio 
was reduced to 1.2:1. 

7. COMMUNICATIONS 

a.  AIR TO GROUND 

Aircraft reconnaissance data are 
normally received by the JTWC via direct 
phone patch through Andersen, Clark, or 
Fuchu aeronautical stations.  Under de- 
graded propagation conditions, data can be 
intercepted by a weather monitor located 
near these stations and relayed by AUTOVON 
or teletype to the JTWC. 

Average communications delays for 
the preliminary and complete center data 
messages for past years are compared with 
1973 delays in Figure 2-3.  Delay times are 
defined here as the difference between the 
fix time and the time of message receipt 
at the JTWC.  The preliminary fix message 
was introduced in 1972 to reduce delays in 
the receipt by the JTWC of vital position 
and intensity information.  After two years 
of use, it has proved its effectiveness and 
permits a significant amount of extra time 
to be spent in forecast preparation.  The 
48 minute average delay in the complete 
center data message during 1973 shows an 
increase of about 14 minutes over 1972. 
This increase is attributed to several cir- 
cumstances which prevailed during the 1973 
season:  (a) more emphasis was placed upon 
receipt of the preliminary message during 
1973, lessening the need for passing the 
complete center message to the JTWC as 
quickly as before, (b) messages were more 
carefully prepared, and (c) a larger shaTe 
of the messages were passed through Clark 
aeronautical station than in previous 
years due to location of cyclone tracks. 
This routing of phone patches through 
Clark places more stringent requirements 
on radio-telephone quality and has been 
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noted in previous years to result in longer 
delays than a direct phone patch through 
Andersen aeronautical station. 

Table 2-6 depicts the complete cen- 
ter data messages received over one hour 
after fix time and after warning time.  The 
growth of the percentages in 1973 can be 
partially attributed to the above mentioned 
reasons and the increase in the percentage 
of late fixes (section 4).  Nevertheless, 
only 3% of the messages were delayed more 
than 80 minutes. 

TABLE   2-6.      1973  AIR/GROUND  DELAY 
STATISTICS   FOR AIRCRAFT  RECONNAISSANCE 
COMPARED WITH PREVIOUS YEARS 

1967     1968     1969     1970     1971     1972     1973 

i   COMPLETE  FIX 
MESSAGES  DELAYED 
OVER ONE HOUR 

16            A            3            5            6            6         20 

i  COMPLETE  FIX 
MESSAGES RECEIVED 
AFTER WARNING TIME 

3.1       0.7       0.6       0.9       2.1       S.S     10.1 

b.  SELECTIVE RECONNAISSANCE PROGRAM 

With the advent of the SRP, the im- 
portance of radar and satellite fix data 
has increased from previous years; there- 
fore, a review of the associated communi- 
cations delays follows.  A sampling of ra- 
dar messages resulted in a considerable 
variation of receipt delays.  Delay times 
are defined as the differences between the 
observation time and the time of message 
entrv into the AWN.  Several sources were 
consistently associated with small delay 
times, while the receipt time of others 
were highly erratic.  AC§W radar site data 
from the Republic of the Philippines were 
normally received within 35 minutes.  Data 
from nationally operated radars of the 
Republic of China, Hong Kong, Japan, and 
Republic of the Philippines were delayed 
20 to SO minutes depending on country of 
origin.  In the worst cases, the JTWC still 
received the messages within 90 minutes of 
observation time.  Tropical cyclone radar 
data is routed to the JTWC over the AWN 
through the use of a special high prece- 
dence collective indicator.  Additionally, 
the ACSW radar messages were phoned to the 
JTWC from Clark AB, thus providing the in- 
formation somewhat earlier than indicated. 

Over 750 position and intensity 
estimates were derived from Air Weather 
Service (AWS) DMSP sites and the aircraft 
carrier CONSTELLATION during 1973.  The da- 
ta from the AWS DMSP sites were immediately 

passed by AUTOVON followed by an AWN mes- 
sage.  AUTOVON provided rapid communication 
of the essentials and a brief two-way dis- 
cussion of the data (a benefit not possible 
with message).  Average delay times of 51 
minutes for telephone and 83 minutes for 
message resulted from a sampling of the 
last six storms.  These delay times are the 
difference between satellite equator-cross- 
ing time and the time of the telephone call 
or entry of the message into the AWN.  sys- 
tematic differences in data processing time 
among the DMSP sites introduces small var- 
iations in the above figures which arc in- 
dependent of communications and analysis 
time.  However, it is important to note, 
that on the average, the data were avail- 
able to the JTWC within one hour after 
equator-crossing time. 

c.  OUTGOING COMMUNICATIONS 

Messages originating at the JTWC 
are handled by the Nimitz Hill Message 
Center Naval Communications Station, Guam 
(NHMC).  By special agreement, typhoon and 
tropical storm warnings are placed in the 
communications system before pending imme- 
diate precedence traffic.  Manual process- 
ing is accomplished as though the warning 
had flash precedence.  Tropical depression 
warnings are normally handled as immediate 
messages.  Warnings were delivered to the 
message center an average of 23 minutes be- 
fore warning time (Figure 2-4).  Yearly 
averages of the parameters described are 
plotted relative to warning time.  The 
length of the vertical bars represents the 
average difference between the time typhoon 
and tropical storm warnings were passed to 
the NHMC and the time of transmission. 
Note that the handling time decreased from 
31 minutes in 1972 to 15 minutes in 1973. 
Handling times for tropical depression 
warning (not shown) were reduced from SI 
minutes in 1972 to 25 minutes in 1973. 

The dramatic improvement in han- 
dling time during 1973 allowed the average 
message to be placed in the circuits before 
the established warning time.  This was a 
major improvement over the previous two 
years when the average message left Guam 
more than 10 minutes after warning time. 
The reduced handling time can be attribut- 
ed primarily to rectification of problems 
within the NHMC itself.  The time of re- 
ceipt of a warning at a particular station 
depends on factors beyond the control of 
both the JTWC and the NHMC. 

FIGURE 2-4. KUTOVLH  handling  time  data 
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CHAPTER III   —   RESEARCH SUMMARY 

1. GENERAL 

In past years, technical notes 
summarizing research studies made by the 
JTWC personnel were included in the Annual 
Typhoon Reports (ATRs).  In this and future 
ATRs, however, only brief synopses of these 
studies will be given.  The complete stud- 
ies will be published separately as 
FLEWEACEN/JTWC Technical Notes.  It is felt 
that this procedure offers several advan- 
tages.  First, it allows the administrative 
workload associated with publication pre- 
paration to be distributed throughout the 
year rather than concentrated within a few 
months during preparation of the ATR. 
Second, it allows authors to include more 
technical details of their studies than 
would be appropriate for inclusion in the 
ATR. 

2. INVESTIGATION OF GUST FACTORS 
IN TROPICAL CYCLONES 

(Reference:  Atkinson, G.D., FLEWEACEN/ 
JTWC Technical Note 74-1). 

The 1972 Tropical Cyclone Confer- 
ence requested that FLEWEACEN/JTWC include 
peak gusts in the warnings when sustained 
surface wind speeds equal or exceed 50 kts. 
During 1972, a sustained wind/peak gust 
graph derived by former JTWC personnel was 
used.  Details on how this graph was de- 
rived were not available and there was a 
general feeling among JTWC forecasters that 
the gust factors derived from this graph 
were too high for open water conditions. 
Therefore, at the 1973 Tropical Cyclone 
Conference, FLEWEACEN/JTWC requested that 
all 7th Fleet ships equipped with anemo- 
meters include peak gusts as well as sus- 
tained winds in their weather reports 
during strong wind conditions.  These ship 
observations and a comprehensive literature 
survey led to the derivation of a new sus- 
tained wind/peak gust relationship which 
was introduced into operational use by the 
JTWC during the 1973 season.  This study 
showed that for strong wind conditions, 
gust factors (i.e., ratio of peak gusts to 
one-minute average sustained wind speeds) 
over open water should fall in the range 
of 1.20 to 1.25.  Based on these results, 
the sustained wind/peak gust relationships 
shown in Table 3-1 are now used operation- 
ally by the JTWC. 

TABLE 3-1. JTWC SUSTAINED 1-MINUTE WIND- 
PEAK GUST (KNOTS) RELATIONSHIPS 

WIND(GUST) WIND(GUST) WIND (GUST) 

50(65) 95(115) 140(170) 
55(70) 100(125) 145(175) 
60(75) 105(130) 150(180) 
65(80) 110(135) 155(190) 
70(85) 115(140) 160(195) 
75(90) 120(145) 165(200) 
80(100) 125(150) 170(205) 
85(105) 130(160) 175(210) 
90(110) 135(165) 180(220) 

3. INTENSITY FORECASTING USING THE 
TYFOON ANALOG COMPUTER PROGRAM 

(Reference:  Craiglow, L.H., Jr., FLEWEACEN 
/JTWC Technical Note 74-2). 

The computerized TYFOON analog 
program has been used by the JTWC as an 
aid in forecasting tropical cyclone move- 
ment since 1970.  This study investigated 
the usefulness of the TYFOON program for 
forecasting tropical cyclone intensities 
at 24-, 48-, and 72-hours.  It modified 
and extended a previous study on this sub- 
ject by former JTWC personnel.  Three pa- 
rameters which are available on the basic 
climatological data tape used in the 
TYFOON program were selected to determine 
their usefulness in intensity forecasting. 
These are the minimum sea level pressure, 
the 12-hour change in minimum sea level 
pressure, and the maximum sustained sur- 
face wind speed.  Based on selected values 
of these criteria, current and analog trop- 
ical cyclones were separated into two 
classes (deepening or weakening) and analog 
forecasts were computed.  During the test- 
ing, several changes were made to the clas- 
sification criteria to obtain better re- 
sults.  Also, it was determined that in- 
tensity forecasts computed independently 
for the various time periods were not con- 
sistent.  Therefore, the program was modi- 
fied so that each succeeding intensity 
forecast used the previous intensity fore- 
cast as an input, i.e., initial conditions 
for the 48-hour forecast would depend on 
the 24-hour forecast, etc.  Verification 
results based on selected cases from the 
1972 tropical,cyclone season showed the 
analog program produced intensity forecasts 
that were slightly better than the official 
JTWC forecasts for the 24-hour period but 
were slightly worse than the official fore- 
casts at 48 and 72 hours. Nevertheless, 
these preliminary results indicate that 
further testing of this program is warrant- 
ed to provide another objective forecast 
aid to JTWC forecasts. 

4. EVALUATION OF THE EXTRAPOLATION 
FEATURE OF THE TYFOON ANALOG 
COMPUTER PROGRAM 

(Reference:  Craiglow, L.H., Jr., FLEWEACEN 
/JTWC Technical Note 74-3). 

The original version of the TYFOON 
analog program, first used operationally by 
the JTWC in 1970 has been modified several 
times to improve its performance.  In the 
TYFOON-72 version of the program, if a se- 
lected analog storm had insufficient posi- 
tions to provide a forecast out to 72 
hours, the program extrapolated up to four 
additional six-hourly positions.  This ex- 
trapolation feature was necessary because 
of premature termination of many tropical 
cyclones on the original data tape (1945- 
1969).  During 1972, tropical cyclone data 
for 1970 and 1971 were added to the basic 
climatological data tape and tracks for all 
tropical cyclones for the entire period of 
record (1945-1971) were extended.  These 
modifications to the data tape and reduc- 
tions of the basic time interval for selec- 
tion of analog cases from ±50 days to ±35 
days resulted in the version of the TYFOON 



program known as TYFN 73.  Since the origi- 
nal tropical cyclone tracks were subse- 
quently extended, it was felt that the ex- 
trapolation feature of TYFOON-72 was no 
longer required.  To test this hypothesis, 
15 cases from 1972 were selected and 24-, 
48-, and 72-hour position forecasts were 
prepared using both TYFOON-72 and TYFN 73. 
The overall results showed the average 
forecast errors for TYFN 73 were slightly 
lower than TYFOON-72 at all time periods. 
The most significant fact, however, was 
that TYFN 73 required 461 less computer 
time on the average than TYFOON-72.  Con- 
sidering that the JTWC requires hundreds of 
analog forecasts each year, the savings in 
computer time will be significant.  The 
JTWC will use the TYFN 7 3 version of the 
analog program during the 1974 tropical 
cyclone season. 

5.  A COMPARISON OF THE SENSITIVITY 
OF TWO SIMILAR OBJECTIVE 
FORECAST TECHNIQUES 

(Reference:  Craiglow, L.H.,Jr., FLEWEACEN 
/JTWC Technical Note 74-4). 

A number of computerized objective 
forecast techniques are available to assist 
the JTWC in the preparation of warnings. 
Of concern is the sensitivity of these 
techniques to errors in the warning and his- 
tory positions.  Two techniques; TSGLOB, de- 
veloped by FLEWEACEN Pearl Harbor, and it's 
successor, TYMOD, developed by FLEWEACEN/ 
JTWC Guam, were chosen for testing.  Both 
techniques utilize the 24-hour global band 
upper air progs (GBUA) provided by 
FLENUMWEACEN Monterey.  The 03/0000 GMT Jan- 
uary 1973 GBUA fields were chosen and a con- 
trol forecast for each technique was run on 
Guam's CDC 3100 computer.  Errors of six 
and 12nm were introduced into the warning 
and history positions, both individually 
and collectively.  Thirty-six cases were 
run for TYMOD and 20 for TSGLOB the differ- 
ence being due to TYMOD having a 24-hour 
history position.  The results showed that 
TYMOD was less sensitive to positioning er- 
rors than TSGLOB.  In addition, the TYMOD 
errors tended to reach a maximum about +48 
hours and then decrease in magnitude there- 
after.  Finally, the test results suggest 
that as much as 30% of the 24-hour forecast 
error may be caused by warning position er- 
rors. 

6  INTERANNUAL VARIABILITY OF 
'  RAINFALL AND TROPICAL CYCLONE 

ACTIVITY IN THE WESTERN NORTH 
PACIFIC 

(Reference:  Pratte, J.F., FLEWEACEN/JTWC 
Technical Note 74-5). 

In this study, rainfall amounts at 
various stations in the tropical North 
Pacific during the dry season (January- 
April) were correlated with the number of 
tropical cyclones occurring in the western 
North Pacific area during the same year. 
The period of record used was 1959-1973. 
This period was selected because the JTWC 
was established in 1959 and satellite co- 
verage of the tropics was available for 
most of this period.  Therefore, it was 
felt that statistics on the number of trop- 
ical cyclones would be highly reliable for 
this recent period.  Correlations were made 
for each rainfall station individually and 
for various groups of stations.  Results 
indicate that the best correlation was 
shown with rainfall on Guam (average of 
three Guam stations), however, the rela- 
tionship was poor (correlation coefficient 
of 0.24) and not sufficient for long-range 
forecasting purposes.  The study also pro- 
vides a survey of various articles relating 
tropical circulation patterns and rainfall 
to sea surface temperature anomalies and 
other large scale influences. 
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CHAPTER IV   —     SUMMARY OF TROPICAL CYCLONES 

1.  GENERAL RESUME 

The western NoTth Pacific remained 
quiescent for the first six months of 1973 
before the first tropical cyclone devel- 
oped.  Since World War II, only in 1952, 
when five months passed without a single 
tropical cyclone, has this area experienced 
such a late start of the tropical cyclone 
season (Table 4-1).  According to statis- 
tics compiled by the Royal Observatory of 
Hong Kong, this dearth of tropical cyclone 
activity during the first six months of 
the year has not occurred since 1917. 
Interestingly, on the average, five 
tropical cyclones form during the first 
six months of the year of which three 
became typhoons. 

The development of Tropical Storm 
Wilda on 1 July marked the beginning of 
the 1973 season.  Within a span of 5 
months, a total of only 21 named tropical 

cyclones developed, with 12 of these reach- 
ing typhoon intensity.  Additionally, warn- 
ings were issued on two numbered tropical 
depressions.  Typhoon frequency in 1973 was 
significantly lower than the yearly average 
of 19 since the establishment of the JTWC 
in 1959.  Only 1969 and 1970 experienced a 
similar low frequency of typhoons during 
this period (Table 4-2). 

In 1973, warnings were issued on only 
77 calendar days, approximately one half 
of the 14-year average of 145 days.  The 
JTWC remained in warning status 62 days 
less in 1973 than in 1972, an active 
tropical cyclone year. 

Typhoon days for 1973 dipped to a 
record low of 42 compared to 121 in 1972 
(Table 4-3).  Based on the past 15 years, 
1973 was 54 days below the average and 20 
days below 1969 the next lowest.  These 
facts indicate that there was not only a 

TABLE 4- 1.  FREQUENCY OF TROPICAL STORMS (INCLUDING TYPHOONS) BY MONTHS AND 
YEARS 

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

194S 0 0 0 1 1 2 5 7 6 1 3 0 26 
1946 0 0 1 0 1 2 3 2 3 1 2 0 15 
1947 0 0 1 0 1 1 3 3 5 6 6 1 27 
1948 1 0 0 0 2 2 2 5 5 4 3 2 26 
1949 1 0 0 0 0 1 5 3 6 1 3 2 22 

1950 0 0 0 0 1 2 3 2 3 3 3 1 18 
1951 0- 0 1 2 1 1 1 2 2 4 1 2 17 
1952 0 0 0 0 0 3 3 4 5 6 3 4 28 
1953 0 1 0 0 1 2 2 6 3 4 3 1 23 
1954 0 0 1 0 1 0 1 6 4. 3 3 0 19 

1955 1 0 1 1 0 1 6 3 3 4 1 1 22 
1956 0 0 1 2 0 1 2 5 5 2 3 1 22 
1957 2 0 0 1 1 1 1 3 5 4 3 0 21 
1958 1 0 0 0 1 3 5 3 3 3 2 1 22 
1959 0 1 1 1 0 0 3 6 6 4 2 2 26 

1960 0 0 0 1 1 3 3 10 3 4 1 1 27 
1961 1 1 1 1 3 2 5 4 6 5 1 1 31 
1962 0 1 0 1 2 0 6 7 3 5 3 2 30 
1963 0 0 0 1 1 3 4 3 5 5 0 3 25 
1964 0 0 0 0 2 2 7 9 7 6 6 1 40 

1965 2 2 1 1 2 3 5 6 7 2 2 1 34 
1966 0 0 0 1 2 1 5 8 7 3 2 1 30 
1967 1 0 2 1 1 1 6 8 7 4 3 1 35 
1968 0 0 0 1 1 1 3 8 3 6 4 0 27 
1969 1 0 1 1 0 0 3 4 3 3 2 1 19 

1970 0 1 0 0 0 2 2 6 4 5 4 0 24 
1971 1 0 1 3 4 2 8 4 6 4 2 0 35 
1972 1 0 0 0 1 3 6 5 4 5 2 3 30 
1973 0 0 0 0 0 0 7 5 2 4 3 0 21 

Totals 13 7 13 20 31 45 115 147 131 111 76 33 742 
Average .45 .24 .45 .69 1.07 1.55 3.97 5.07 4.52 3.83 2.62 1 .14 25.59 

■ 
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. TABLE 4-2 FREQUENCY OF TROPICAL STORMS REACHINC TYPHOON INTENSITY BY MONTHS 
AND YEARS 

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

1945 0 0 0 0 0 1 2 5 3 1 1 0 13 
1946 0 0 1 0 1 1 3 1 3 1 2 0 13 
1947 0 0 0 0 1 1 0 3 4 5 4 1 19 
1948 1 0 0 0 2 0 2 2 4 1 2 1 15 
1949 1 0 0 0 0 1 3 3 3 1 1 1 14 

1950 0 0 0 0 1 1 1 2 1 3 2 1 12 
1951 0 0 1 2 1 1 1 2 2 3 1 2 16 
1952 0 0 0 0 0 3 1 3 3 4 3 2 19 
1953 0 1 0 0 1 1 2 4 2 4 1 1 17 
1954 0 0 0 0 1 0 1 4 4 2 3 0 15 

1955 1 0 1 1 0 1 5 3 3 2 1 1 19 
1956 0 0 1 1 0 0 2 4 5 1 3 1 18 
1957 1 0 0 1 1 1 1 2 5 3 3 0 18 
1958 1 0 0 0 1 3 4 3 3 3 1 1 20 
1959 0 0 0 1 0 0 1 5 3 3 2 2 17 

1960 0 0 0 1 0 2 2 8 0 4 1 1 19 
1961 0 0 1 0 2 1 3 3 5 3 1 1 20 
1962 0 0 0 1 2 0 5 7 2 4 3 0 24 
1963 0 0 0 1 1 2 3 3 3 4 0 2 19 
1964 0 0 0 0 2 2 6 3 5 3 4 1 26 

1965 1 0 0 1 2 2 4 3 5 2 1 0 21 
1966 0 0 0 1 2 1 3 6 4 2 0 1 20 
1967 0 0 1 1 0 1 3 4 4 3 3 0 20 
1968 0 0 0 1 1 1 1 4 3 5 4 0 20 
1969 1 0 0 1 0 0 2 3 2 3 1 0 13 

1970 0 1 0 0 0 1 0 4 2 3 1 0 12 
1971 0 0 0 3 1 2 6 3 5 3. 1 0 24 
1972 1 0 0 0 1 1 4 4 3 4 2 2 22 
1973 0 0 0 0 0 0 4 2 2 4 0 0 12 

Totals 8 2 6 17 24 31 75 103 93 84 52 22 517 
Avg .28 .07 .21 .59 .83 1.07 2.59 3.55 3.21 2.90 1.79 .76 17.83 

short period of typhoon activity (July to 
October) but also the short duration of 
typhoons notably in August and September. 
The number of warnings issued totaled only 
390 which is 55% of the average over the 
past 15 years.  1971 and 1972 could be con- 
sidered "normal" years compared to 1973 
since they were only slightly above the 
average with total number of warnings of 
747 and 739, respectively.  1973 was not 
without multiple storm occurrences with 27 
days with two or more cyclones and 9 days 
with three or more cyclones occurring 
simultaneously (Table 4-4). 

There were only three super typhoons 
during 1973, Billie, Nora, and Patsy, 
which is half of the climatological mean of 
six based on the past 15 years.  This is 
not surprising since most of the tropical 
cyclones developed outside of the favorable 
areas for super typhoon occurrence delin- 
eated by Holliday (1970). 

The 1973 season was marked by another 
peculiarity.  There was a pronounced ab- 
sence of tropical cyclone activity in the 
area south of 20°N and east of 135°E which 
is normally a favorable area for tropical 

cyclone development.  Except for brief 
periods during the summer months, the east- 
ward extension of the monsoon trough over 
the western North Pacific Ocean was notice- 
ably missing.  It was not until the latter 
half of the season that the monsoon trough 
became firmly established in the area to 
the south of Guam when 3 successive ty- 
phoons were spawned during the first half 
of October. 

The Tropical Upper Tropospheric Trough 
(TUTT) was well established by mid-May.  It 
initiated the development of Tropical Storm 
Clara in July and Tropical Storm Hope and 
Tropical Depression No. 11 in August.  Al- 
though the TUTT was in evidence throughout 
the typhoon season, the near-equatorial 
ridge which normally forms to the south of 
the TUTT was absent except for brief peri- 
ods.  Consequently, upper level westerlies 
prevailed over the Caroline and Marshall 
Islands, an area which would normally be 
under deep tropospheric easterlies during 
the primary tropical cyclone season. The 
resulting strong vertical wind shear over 
the eastern Trust Territory was unfavorable 
for tropical cyclone development. 
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TABLE 4-3.  TYPHOON DAYS 1959-1973 

YEAR JAN FEB MAR APR MAY  JUN 
T9"S9 --- --- -- 
1960 --- --- -- 
1961 --- --- 8 
1962 --- --- -- 
1963 --- --- -- 
1964 --- --- -- 
1965 2 --- -- 
1966 --- --- -- 
1967 --- --- 2 
1968 --- --- -- 
1969 5 --- -- 
1970 --- 5 
1971 --- --- -- 
1972 2 --- -- 
1973 --- --- -- 
TOTAL 
MEAN 

8 
4 
5 
7 
5 

11 

13* 
1 

10 
2 

15 
S* 

12* 
6 
4 
7 

JUL 
3 

13 
10* 
14* 
11 
22* 
19* 
7* 

14* 
6 
8 
5 

20* 
39* 
11* 

AUG 
18 
36* 
15 
37* 
23* 
18* 
23* 
16* 
10 
8 
6 

24* 
27* 
16 
7* 

SEP 
19 

23* 
8 

14* 
28* 
25* 
23* 
32* 
32* 
10 
16 
21* 
16* 
4 

OCT 
TB"*" 
23* 
17* 
30* 
24* 
14 
14 
11 
21* 
19 
18 
21* 
11 
21 
20* 

NOV 
10 
2* 
6 

19* 

11* 
6 
4 

21* 
18* 
10* 
6 
7 
9 

DEC 
18 
12 
6 

11 
6 

11 

5 
.3 

10 
.7 

50 
4.0 

55 
3.7 

77  202 
5.1 13.5 

284 
18.9 

271 
18.1 

282 129 
8.6 

67 
4.5 

TOTAL 
PER 
YEAR 
~9T~ 
98 
95 

119 
107 
111 
108 
86 

111 
97 
62 
79 

111 
121 
42 

1441 
96.1 

*Two typhoons occurring on the same day are counted as two typhoon days. 

TABLE 4-4.  SUMMARY OF JTWC WARNINGS 1969-1973 

TOTAL NUMBER OF WARNINGS 

CALENDAR DAYS OF WARNING 

NUMBER OF WARNING DAYS 
WITH TWO OR MORE CYCLONES 

NUMBER OF WARNINGS DAYS 
WITH THREE OR MORE CYCLONES 

1960-1973 
(AVG) 1970 1971 1972 1973 

707 533 747 739 390 

146 127. 163 139 77 

52 29 54 46 27 

12 0 6 13 9 
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Based on available casualty reports, 
typhoons Nora and Ruth and tropical storms 
Sarah and Vera accounted for the majority 
of the tropical cyclone related casualties. 
Taiwan, South Vietnam, and the Republic of 
the Philippines bore the brunt of the storm 
damages and casualties. The Republic of the 
Philippines was again, as in 1972, partic- 
ularly hard hit by the passage of Nora, 
Ruth, and Vera. The main Japanese islands, 
interestingly, did not experience coastal 
crossing of a typhoon during 1973 which is 
a first according to available records 
since 194S. 

Much of the pertinent meteorological 
data and tropical cyclone damage statis- 
tics in this chapter were based on infor- 
mation received from the following 

sources: Weather Bureau of the Republic of 
China; Royal Observatory of Hong Kong; 
Japan Meteorological Agency; National 
Weather Service of the Republic of the 
Philippines; the Environmental Data Service, 
National Oceanic and Atmospheric Adminis- 
tration and Casualty Returns, Liverpool 
Underwriters Association. 

TABLE 4-5. LIST OF ESTIMATED CASUALTIES 
FOR THE 1973 SEASON 

TYPE  NAME  DEATHS MISSING 

T 
T 
T 
T 
TS 
TS 

DOT 
IRIS 
NORA 
RUTH 
SARAH 
VERA 

1 
2 

22 
27 
50 
75 

total  177 

3 
48 
23 

58 

132 

NOTE:  Only cyclones for which data 
are available are listed. 

TABLE 4-6 .  1973 TROPICAL CYCLONES 

CALENDAR MAX 
DAYS OF  SFC 

MIN 
OBS 

WARNINGS'ISSUED 
NO. AS DISTANCE 

CYCLONE TYPE NAME fPRD OF WRNG) WARNING WINDt SLP TOTAL TYPHOONS TRAVELED 

01 TS WILDA 01 JUL -03 JUL 3 60 982 9 -- 384 
02 TY ANITA 05 JUL -08 JUL 4 70 980 13 6 720 
03 TS CLARA 12 JUL -14 JUL 3 50 998 7 -- 324 
04 TY BILLIE 13 JUL -19 JUL 7 130 916 27 18 1560 
05 TY DOT t 6 85 978 19 4 1020 
06 TY ELLEN k 10 105 941 29 8 1092 
07 TS FRAN 29 JUL -30 JUL 2 40 1002 6 -- 330 
08 TY GEORGIA 09 AUG -12 AUG 4 70 976 15 9 504 
09 TS HOPE 09 AUG -12 AUG 4 45 996 15 -- 756 
10 TY IRIS 10 AUG -17 AUG 8 85 972 30 16 1218 
11 TD TD-11 13 AUG -14 AUG 2 30 1005 6 -- 270 
12 TS JOAN 18 AUG -20 AUG 3 45 990 10 -- 648 
13 TS KATE 24 AUG -26 AUG 2 60 983 8 -- 294 
14 TD TD-14 01 SEP -02 SEP 2 30 NA 4 -- 90 
15 TY LOUISE 03 SEP -07 SEP 5 75 974 18 6 816 
16 TY MARGE 12 SEP -14 SEP 3 80 964 12 4 792 
17 TY NORA 02 OCT -10 OCT 9 160 877 34 25 1584 
18 TY OPAL 04 OCT -08 OCT 5 75 968 16 9 540 
19 TY PATSY * 10 140 893 34 14 1920 
20 TY RUTH 11 OCT -19 OCT 9 90 957 33 23 2112 
21 TS SARAH 10 NOV -10 NOV 1 55 984 4 -- 180 
22 TS THELMA * 4 55 991 13 -- 660 
23 TS VERA 19 NOV -26 NOV 8 50 990 28 -- 1134 

1973 TOTALS 77** 390 142 

*Dot 14/06Z - 17/06Z and 19/00Z - 20/06Z JUL . 
Ellen 17/18Z - 21/06Z and 23/06Z - 25/06Z and 28/00Z - 29/06Z JUL 
Patsy 06/06Z - 12/12Z and 13/12Z - 15/06Z OCT 
Thelma 15/00Z - 17/06Z and 18/06Z - 18/18Z NOV 

**Overlapping days included only once in sum 
t Over water estimate (one-minute averaging period} 

DATA TAKEN FROM BEST TRACK 
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2.     INDIVIDUAL TYPHOONS 

ANITA 

Anita, the season's first typhoon 
developed in the monsoon trough late on S 
July under conditions quite similar to 
those discussed by Ramage (1971).  Several 
days prior to the initial development of 
Anita, the low level southwesterly flow 
throughout Indochina, the Malaysian 
Peninsula, and southern India increased 
from an average of 10 to 20 knots to 
speeds of 25 to 35 knots.  The satellite 
mosaic on 4 July revealed that a band of 
cloudiness extending from the Arabian Sea 
to the South China Sea had increased 
markedly in response to the intensifying 
southwesterly flow (Figure 4-1). 

Of particular interest during Anita's 
initial development were the strong winds 
(25 to 30 knots) extending more than 400nm 
from her center to the south with lighter 
winds (10 to 15 knots) near the large and 
diffuse center.  These strong winds were 
primarily associated with the increased 
monsoon flow and not the storm itself, 
since Anita had not intensified suffi- 
ciently to produce the necessary pressure 
gradient to support such winds.  Anita 
continued to exhibit this unusual wind 
structure as she intensified to typhoon 
strength (Figure 4-2).  The USNS Washoe 
County reported winds in excess of 35 
knots and mountainous seas over 150nm to 
the south of Anita (06/0900 GMT).  Early 

on the 7th, a reconnaissance aircraft 
reported Anita's sea level pressure had 
dropped to 983mb with flight level and 
surface winds of 50 to 80 knots within a 
band 30 to 60nm from the storm center, 
while winds within a 30nm radius of her 
center were 30 knots or less. 

The storm initially drifted northnorth- 
west in response to a weakness in the 
subtropical ridge to the north caused by 
the remains of Tropical Storm Wilda.  How- 
ever, by 1200 GMT, 7 July, significant 
height rises at 500mb indicated the ridge 
was reforming over southern China.  As a 
result, Anita assumed a more westerly 
track. 

The USS OGDEN (LPD-5) reported eye 
passage and greater than 50 knot winds 
(08/0000 GMT) near 17.5N 107.4E as her 
barometer registered 981mb.  The barograph 
aboard the USS TRIPOLI (LPH-10) recorded 
eye passage (08/0100 GMT) as the ship 
steamed near 17.6N 107.2E (Figure 4-3). 

A reconnaissance aircraft observed a 
minimum sea level pressure of 980mb and a 
well defined closed wall cloud indicating 
continued intensification as the storm 
neared the North Vietnamese coast (08/1010 
GMT).  Anita reached peak intensity of 70 
knots prior to going ashore near Vinh, 
North Vietnam and quickly dissipated over 
land (Figure 4-4). 

FIGURE 4-1. MÖAA-Z tatzllltz moialc. ion. 3 July 1973 ihoM-ing e.loud band 
aiioctatzd with the iouthuie.it mon&oon extending {,lom the. ÄAab-tan Sea to 
the. South Chtna S&a.     Re.mn.anti  oi Wtlda   (A). 
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FIGURE 4-2. TA.op-Le.aZ Stoim Anita man typhoon intimity  110  nm  o{£ 
the aotut oi  the. Ze.pu.bllc. oi  Vie.tn.am,   7 July  1973,   0444  GUT. 
[VMS? ima.ge.Jiy) 
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FIGURE 4-4. Typhoon Anita In th& Gul& -o& Tonkin man.  peafe Intzn&lty,   S July 
1973,   0432  GUT.      [VHS? lmage.ly) 
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BILLIE 

Billie, the season's first super ty- 
phoon, became a tropical depression in the 
western Philippine Sea some 250nm east of 
Luzon on 12 July.  Her early history can be 
traced to the Yap-Palau area on 10 July as 
a weak circulation in the monsoon trough. 

Billie initially tracked westward, 
gradually shifting to the northwest in res- 
ponse to a long wave, mid-tropospheric 
trough oveT eastern China.  Reaching tropi- 
cal storm force late on the 13th, Billie 
assumed a northerly course at a speed of 7 
kts. 

The long wave trough remained station- 
ary, influencing Billie to maintain a me- 
ridional track at about 8 kts.  Her center 
never deviated more than 30nm either side 
of 125.5E for 4 days, covering a distance 
of 720nm.  This steadiness in direction for 
such an extended period of time sets Billie 
apart from any other northward moving ty- 
phoon during the period 1947-1972. 

Rapid deepening occurred once typhoon 
force was attained early on the 14th as 
Billie's central pressure fell SOmb in 24 
hours. At 15/0330 GMT, aircraft reconnais- 
sance indicated that the central pressure 
had dropped to 916mb within a tightly or- 
ganized eye 8nm in diameter (Figure 4-5). 

Billie's central pressure rose to 954mb 
during the next 18 hours as she approached 
the Ryukyus.  Commencing an unusual second 
deepening as she crossed through the island 
chain, Billie's central pressure dropped to 
917mb in the East China Sea (16/1154 GMT). 

Billie passed just east of Miyako Jima, 
where maximum sustained winds of 65 kts 
with gusts to 104 kts were recorded (16/ 

0700 GMT). The lowest pressure reading at 
the Japanese Meteorological Agency Station 
was 947.5mb (16/0650 GMT). 

The island of Okinawa experienced gale 
force winds as Billie transited northward 
through the East China Sea.  Naha registered 
maximum sustained winds of 35 kts with gusts 
to 58 kts (16/1700 GMT) while White Beach 
Naval Port Facility recorded 45 kts sus- 
tained with gusts to 55 kts (16/1900 GMT). 
Kadena AFB reported lesser winds of 28 kts 
(16/1640 GMT) with gusts of 43 kts (16/1354 
GMT).  Based on land radar, Billie's eye 
passed 105nm west of Okinawa at 16/1800 GMT. 

On the 17th, a short wave deepened the 
northern portion of the long wave trough 
situated in the Lake Baikal region of Si- 
beria, causing increased ridging over Man- 
churia and the Sea of Japan.  This ridging 
prevented Billie from recurving.  On the 
18th, Billie shifted to a northwest course 
120nm southsouthwest of Cheju-do Island. 
Satellite imagery indicated drier air off 
the Asian Mainland was entering Billie's 
circulation at this time.  She weakened 
significantly during the 18th, dropping to 
tropical storm strength late that day while 
tracking into the Yellow Sea. 

Approaching the Gulf of Chihli on the 
19th, Billie acquired extratropical charac- 
teristics and accelerated to a forward 
speed greater than 20 kts.  Billie finally 
moved inland near Chin-Chow China and dis- 
sipated on the 20th. 

FIGURE 4-5. Typhoon. Zlltlz   {/light)   7  houxj,  pjUoi to  an 
unuiual izaond dzzpznlng   190 nm  za&t o& TcUuian.     Typhoon 
,J-, iLt-M\  ln thz South China. Sza,   16 July  1973,   0416  GMT. 
[VMSV ±magz*.y) 
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DOT 

The South China Sea spawned its second 
typhoon of the 1973 season on 13 July with 
the genesis of Dot.  Her development was 
quite similar to Anita's.  A surge in the 
low level southwesterlies preceded her 
formation in the monsoonal trough. 

Dot formed a few days after Billie. 
While Billie intensified rapidly in the 
Philippine Sea to dominate the synoptic 
situation in the vicinity of both tropical 
cyclones, Dot drifted slowly northward 
remaining poorly organized (Figure 4-6). 
Billie's strong mass divergence aloft 
effectively blocked Dot's outflow to the 
subtropical westerlies leaving a good 
outflow channel only in the southwest 
semicircle.  This may have been a critical 
factor in explaining Dot's slow rate of 
intensification during the first three 
days of her existence. 

Late on the 15th, Dot began to increase 
her rate of intensification.  The United 
Kingdom ship HYRIA, located 60 nautical 
miles southeast of Dot's center, observed 
55 knots of wind and a pressure of 989.3mb 
(15/0600 GMT).  She reached typhoon 
strength late that evening as she acceler- 
ated to a speed of 9 knots towards Hong 
Kong.  During this period, the separation 
between Dot and Billie began to increase 
and Billie had reached peak intensity and 
was starting to weaken.  This apparently 
allowed Dot to intensify at a faster rate. 

Besides intensity interaction between 
Dot and Billie, both storms also experi- 
enced the Fujiwhara interaction (Figure 
4-7).  By subtracting the steering flow 
from the resultant movement of both storms 
the interaction is quite pronounced (Brand, 
1968).  Throughout the period of the inter- 
action Billie remained the stronger of the 

FIGURE 4-6. Dot ai   a. tlop-ical dzpitzalon -in the South  China. Se.a,   14 Jalu 
1973,   0446  GMT.  (PMSP lma.ge.iy) 
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FIGURE 4-8. Dot   lle.it)   ove.lla.nd  TO   um non.th.eaAt o£  Hong  Kong  and Typhoon 
Blllle   (light)   In the  Bait China Sea,   17 July   1973, 0402  GMT. [VMSP 
Imagery) 

two.  As a result, Dot's resultant move- 
ment was affected much more significantly. 
Both storms rotated 124 degrees around 
the common center of rotation. 

38 others.  Two freighters were beached 
and six others dragged anchor. 

Dot reached her peak intensity of 85 
knots on the 16th, about 80nm south of 
Hong Kong.  She passed within 12 miles of 
the Royal Observatory in Hong Kong which 
experienced maximum sustained winds of 32 
knots with a peak gust of 76 knots.  Tate's 
Cairn in the Colony reported the strongest 
sustained winds of 57 knots with peak 
gusts of 97 knots. 

Dot weakened considerably upon making 
landfall on the northeastern side of Mirs 
Bay (Figure 4-8).  She tracked toward the 
eastnortheast over eastern Kwangtung 
during the night of the 17th as a low 
pressure area and entered the East China 
Sea near Foochow as a tropical depression 
on the morning of the 18th.  As Dot 
approached within 120nm northnorthwest of 
Okinawa, she took an abrupt change of 
course due north in response to a building 
ridge to the east and accelerated rapidly, 
following in the wake of Billie.  Dot 
dissipated over the Yellow Sea on the 20th. 

Damage reports from Hong Kong indi- 
cated many low-lying areas in the New 
Territories were flooded.  Hong Kong 
experienced heavy losses to garden crops, 
fruit trees, livestock, and farm houses. 
A landslide killed one person and injured 
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ELLEN 

The first indication of what was to be- 
come Ellen appeared in the surface data on 
15 July as an increased troughing in the 
extensive convergence zone southeast of 
Typhoon Billie.  By 17 July, high resolu- 
tion DMSP satellite imagery confirmed the 
existence of a closed circulation in the 
trough near 20°N 138°E (Figure 4-9). 

Ellen evolved unusually far north in 
the trailing convergence area of Typhoon 
Billie.  Furthermore, in the early stages 
of development, the upper tropospheric 
outflow was most obviously influenced by 
the TUTT.  Post-analysis of 200mb synoptic 
charts and satellite data indicates that 
the formation was assisted by a small, but 
pronounced, ridging induced on the east 
side of a westward moving cell in the upper 
tropospheric trough. 

Ellen intensified 
typhoon strength by th 
(Japanese Maritime Sei 
reported southeastern 
of 44 knots as she pas 
in 165nm (19/0200 GMT) 
peak intensity as a re 
observed maximum winds 
central pressure of 94 

rapidly, reaching 
e 18th.  Iwo Jima 
f Defense Force) 
es with maximum gust 
sed to the west with- 

Ellen achieved 
connaissance aircraft 
of 105 knots and a 

lmb (19/0420 GMT). 

During the early portion of her life, 
Ellen tracked almost due north as Billie 
had done.  She moved to the north beneath 
upper tropospheric northerly flow (35-40 
knots).  By late on the 19th, the strong 
vertical shearing environment caused her to 
deteriorate rapidly over open water (Figure 

4-10).  By the 20th, the upper level anti- 
cyclone over Ellen had sheared off exposing 
her low level circulation.  Convective ac- 
tivity at this time was confined to conver- 
gence areas well south and southeast of the 
center. 

As a weak low-level circulation, the 
remains of Ellen drifted westward under the 
influence of the troughing left by Billie 
and Dot and a quasi-stationary anticyclone 
over the Sea of Japan.  Satellite imagery 
on 23 July indicated a rejuvenation of con- 
vection over the circulation which then 
persisted through 28 July with varying de- 
grees of intensity.  Reconnaissance air- 
craft on 24 July confirmed the presen.ce of 
a warm core, closed circulation.  As a re- 
sult of the weak steering flow, Ellen's 
movement was erratic during the period from 
the 21st to the 28th. 

On the 28th, she reintensified once 
more 9Qnm from the south coast of Honshu. 
The Japanese weather ship OJIKA and two 
other ships reported winds of 30 to 35 
knots around Ellen (28/OOO0Z).  She reached 
a peak of 45 knots as a shortwave trough 
over the Sea of Japan caused her to move 
on a northward course over south central 
Japan dissipating over land on the 29th. 

FIGURE 4-9. Foimative. itagei o£ tllzn 
ce.nte.ie.di 300 nm iou.tkuie.it o{, Iwo Jtma, 
77 July   1973,   0221   GUT.      [PMSP lma.3e.fLu) 

FIGURE 4-10. Typhoon Elle.n  {flight)   at pzak 
-Lnteniity.     Vot   [lz(,t]   cu  a tKopie.a.1 
de.ptie.iiIon,   19 July  1973,   0333  GUT.      (PMSP 
JLma.gzh.y] 
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GEORGIA 

During early August, the tropical 
upper tropospheric trough (TUTT) remained 
to the north of and in close proximity to 
the monsoon trough in the South China Sea. 
As a result, Georgia's formation and sub- 
sequent development cannot be easily 
attributed to the monsoon trough or the 
TUTT independently, but more as an inter- 
action between the two.  Sadler (1973) 
suggests that westward moving cells in the 
TUTT provide an upper level westerly out- 
flow channel which enhances development of 
disturbances in the monsoon trough.  This 
type of influence was apparent during the 
development of Georgia. 

Georgia reached minimum tropical storm 
intensity on 9 August as she transited on 
a westsouthwest course across the South 
China Sea at a moderate speed.  She passed 
within 170nm of Hong Kong late on the 9th. 
Maximum sustained winds experienced at 
Hong Kong were 41 knots with a peak gust of 

73 knots.  Georgia reached typhoon inten- 
sity on 10 August (Figure 4-11). 

Maintaining her westerly track at 8 
knots until early on the 11th, Georgia then 
turned north in response to a weakness in 
the high cell over eastern China.  She made 
landfall north of Hainan Island on 12 
August and dissipated over China.  Georgia 
was the third tropical cyclone originating 
in the South China Sea to reach typhoon 
intensity in 1973. 

FIGURE 4-11. Typhoon Ge.on.Qi.oi in the. South China. Se.a  140  nm  zcut o& Hainan 
I Aland,   10 Augait  1973,   0500  GMT. [VHS? imagziy) 
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IRIS 

On the 8th of August, the monsoon 
trough extended 1S00 nautical miles south- 
east from the Luzon Strait to a position 
just west of Truk with a weak surface cy- 
clonic circulation imbedded in the trough 
420 nautical miles north of Yap.  Only 24 
hours previously, its eastward extent had 
been restricted to the northern part of the 
South China Sea. 

During the next two days, the distur- 
bance drifted northwestward with little, 
development.  By the 10th, the distur-trance 
had intensified to Tropical Storm iTis. 
She continued to move northward at 8 knots. 

On the morning o 
upper air and weak s 
resulting from the p 
ical ridge to the no 
torial ridge to the 
her to remain essent 
for the next 48 hour 
tinued to intensify 
by early on the 12th 
strength winds. 

f the 11th, the complex 
teering flow patterns 
resence of the subtrop- 
rth and the near equa- 
south of Iris forced 
ially quasi-stationary 
s.  However, she con- 
during this period and 

developed typhoon 

Early on the 13th, Iris began to move 
toward the northeast under the influence of 
the near equatorial ridge reaching her 
maximum intensity of 85 knots that after- 
noon (Figure 4-12). 

response to the change in the steering 
flow.  The Japanese meteorological station 
at Minami Daito Jima measured a minimum 
pressure of 974.7mb during the passage of 
Iris (14/0707 GMT).  Approximately 11 1/2 
hours (1830 GMT) after passage of the sur- 
face center, the station reported peak 
gusts of 63 knots out of the southwest. 
She gradually weakened to minimum typhoon 
intensity prior to crossing the island of 
Amami O-Shima.  Two fishing vessels were 
reported lost in the vicinity of the island 
during her passage. 

After crossing the island she «inten- 
sified briefly to 75 knots.  By the 16th, 
Iris weakened to tropical storm force and 
took a more northerly course (Figure 4-13). 

On the morning of the 17th, Iris began 
recurving.  Kunsan Air Base in the Republic 
of Korea experienced maximum sustained 
winds of 46 knots with a peak gust of 64 
knots as Iris passed within 25nm (17/0646 
GMT).  She made landfall near Kaesong, 
Korea about 17/0800 GMT with maximum winds 
of 35 knots.  Iris continued across Korea, 
entering the Sea of Japan near Wonsan where 
the maximum winds were still 30 knots.  She 
became extrotropical over the Sea of Japan 
as she merged with a front moving off 
Manchuria. 

As Hope dissipated to the east, the 
subtropical ridge returned to its climato- 
logical position and the near equatorial 
ridge weakened.  This forced Iris to alter 
her course to the northwest on the 14th in 

Initial reports from Korea indicated 
two persons were killed, three missing and 
hundreds were left homeless.  A barge 
carrying six persons sank in the sea off 
Kijang - Myon, Yangsangun; 3 were rescued. 

FIGURE 4-12. Typhoon iKli   \lzit)   man 
pzak -inte.ni-it.ci Zi5 nm sou.thza.it oi Oki- 
nawa..     Re.mna.nti  oi Hope,   [tight]   ju.it o&£ 
the.  coa.it o£  Honihu,   13 Auguit  1973, 
0234 GUT.      IPMSP JLma.Qe.ny) 

FIGURE 4-13. Typhoon  Inli   T<55 nm ioutk 
oi  Che.ju.-Vo,   16  Kvigu.it  1973,   0332  GUT. 
(OMSP lma.ge.iy) 
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LOUISE 

Louise began as a low level circulation 
in the monsoon trough first noted on 30 
August in the Philippine Sea to the east of 
Catanduanes Island.  An organized cloud 
pattern became apparent the next day but 
the surface circulation remained weak.  The 
weak surface low drifted towards the north- 
west for the next 72 hours. 

By 3 September, an aircraft investiga- 
tive mission reported a narrow band of 65 
to 75 knot surface winds north of the low 
center although the minimum sea level pres- 
sure was only 998mb (03/0350 GMT).  A 60 
knot wind report from the United Kingdom 
ship SHEAF TYNE 30nm to the north of Louise 
confirmed the aircraft observation.  Satel- 
lite imagery at approximately the same time 
showed Louise to be poorly organized.  The 
near-typhoon force winds appear to have 
been a transitory phenomenon induced by the 
channeling effect of the Luzon Strait.  By 
the evening of the 3rd, a reconnaissance 

aircraft reported maximum winds of only 40 
knots as Louise entered the South China Sea. 

On the 4th, Louise had become a better 
organized tropical storm well on her way to 
becoming a typhoon (Figure 4-14).  The mid- 
tropospheric ridge to the north of Louise 
kept her on a westerly course at 10 kts 
across the South China Sea. 

She passed 150nm to the south of Hong 
Kong late on the 5th just as she reached 
peak intensity of 75 kts.  Throughout her 
life, Louise remained a relatively small 
typhoon.  Louise crossed the Luichow Penin- 
sula during the night of the 6th.  Eighteen 
hours later she made landfall and dissi- 
pated rapidly over North Vietnam. 

FIGURE 4-14. TuoplcoJL StOKm  Loulie.   105  nm noKthiae&t oi   Luzon,   4 Szpte.mbe.fi.   Z973, 
0401   GUT.      [VMSP lma.ge.iy) 
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MARGE 

Marge entered the South China Sea on 
12 September as a tropical depression, af- 
ter crossing northern Luzon (Figure 4-15] . 
She quickly developed to tropical storm 
strength 125 MI northwest of Cape Bolinao. 
The early stages of Marge can be traced to 
a weak circulation in the monsoon trough 
appearing on the synoptic surface analysis 
750 miles eastsoutheast of Luzon (08/0000 
GMT).  This system tracked westward during 
the next four days as it accelerated to a 
speed of 11 to 12 knots before making land- 
fall on northern Luzon. 

A narrow, mid-tropospheric, subtropical 
ridge was positioned over  southern China 
as Marge emerged into the South China Sea. 
Little change in intensity or orientation 
of the ridge occurred during the next few 
days, dictating a westerly course which 
eventually caused Marge to strike NoTth 
Vietnam 2 1/2 days later. 

Maintaining a forward speed of 11 
knots, Marge intensified steadily after 
entering the open waters of the South Chi- 
na Sea, reaching typhoon force as she 

passed 200 nm south of Hong Kong on the 
morning of the 13th (Figure 4-16).  The 
minimum measured central pressure by air- 
craft reconnaissance, prior to the typhoon 
crossing the no-fly line, was 964 mb early 
in the evening of 13 September. 

Striking central Hainan Island early 
on the morning of the 14th with sustained 
winds estimated near 80 knots, Marge 
emerged into the Gulf of Tonkin with trop- 
ical storm force some 12 hours later. 
Eventual landfall was made 60 nm north of 
Vinh, North Vietnam during the early morn- 
ing hours of the 15th.  Subsequently, 
Marge dissipated rapidly inland over the 
highlands of Laos. 

One interesting feature of Marge during 
her transit of the South China Sea was her 
small size.  Similar to Louise, as a ty- 
phoon, her circulation did not appear to 
exceed 150 miles in diameter as evidenced 
by ship and aircraft reconnaissance data. 
Typhoon strength winds were probably con- 
fined to the wall cloud region. 

FIGURE 4-15. Ucmge an, a. tn.oplc.aZ. de- 
pJie.iilon 10 nm u)e.At o{, Luzon, 11 Se.p- 
temben   ; 973, 2342 GMT. (VHS? lma.geAy) 

FIGURE 4-16. Jnoplca.1 Stoim Hange ne.au 
typhoon itiengtk  225 nm ioath  oi  Hong 
Kong,   13 Se.pte.mbel   1973,   0106  GUT. 
[VMS? Zmagetiy) 
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NORA 

A weak surface low formed in the mon- 
soon trough, 120 miles south of Yap, on 30 
September, and drifted northwest for the 
next two days.  By the evening of 2 Octo^ 
ber, the tropical disturbance had intensi- 
fied to Tropical Storm Nora.  Reconnais- 
sance aircraft reported maximum flight 
level winds of 45 kts and a minimum sea 
level pressure of 987 mb. 

Nora continued a gradual intensifica- 
tion until early on the afternoon of the 
5th when her winds exceeded 100 kts. 
During the next 20 hours, as she moved 
westward at 9 kts toward the Republic of 
the Philippines, Nora's central pressure 
plummeted 66mb to 877mb with maximum sur- 
face winds of 160 kts (Figure 4-17).  Her 

central pressure ranked among the lowest oh 
record (Jordon, 1961). 

On the evening of the 6th, the high re- 
solution DMSP infrared imagery revealed the 
typical anticyclonic outflow pattern in the 
cirrus.  The infrared data was then "thresh- 
holded" to display only the colder portion 
of the infrared spectrum sensed by the ra- 
diometer (Figure 4-18).  It revealed what 
appeared to be a tightly wound band spi- 
raling out from the eye wall.  Nora was a 
super typhoon at this time with estimated 
maximum winds of 140 kts. 

When Nora was 225 miles east of Manila 
on the morning of the 6th, she took a more 
northwesterly track in response to an 
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FIGURE 4-17.     Supe.A Typhoon WoAa  [le.it]   at pe.ak Zntenilty 200  nm  e.(U,tnoithe.aa,t 
0(5  CoLta.ndu.a.n.e.4  liland.     Tonmatlve. itagzi  oi  Vatig   [night)   uslth low £eue£ 
dnctilatlon czntei expo&zd,   5 Octobzn. 1973,   2312 GUT.     {VMS? Imagtiy) 
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FIGURE 4-18. Tklz&holdzd Anin.an.zd AMO.QZH.IJ O^ Hona displaying  only the. 
coldzn. yon.ti.oYi oi thz lnin.an.td ipzc.tn.am izn&zd by thz nadiomztzi, 
b  Octobzn.  7 973, 17 53 GMT. IVHSP imagzny] 

approaching shortwave trough over China. 
Nora skirted the northeast tip of Luzon 
with maximum sustained winds of 100 kts and 
weakening. 

As she transited the Luzon Strait on 
the 8th a dramatic rescue operation was oc- 
curring in the Taiwan Strait.  In thirty- 
foot seas and 50 kt winds, the Missile Frig- 
ate USS WORDEN rescued seven fishermen a- 
board the Taiwanese fishing vessel JAI TAI 
NR3 from the approaching typhoon.  One 
Taiwanese crewman was lost at sea.  The 
fishing vessel had been floundering in 
heavy seas with the forward section split 
lengthwise (Figure 4-19). 

Nora passed within 60nm of Kaohsiung, 
Taiwan as she accelerated to a speed of 12 
kts toward the northwest.  She made land- 
fall near Amoy in southern China on the 
morning of the 10th and degenerated into a 
low pressure area. 

Luzon in the Republic of the Philip- 
pines suffered considerable damage.  It was 
reported that 6 persons were killed and o- 
ver a hundred thousand people were left 
homeless.  Estimates of over $2 million in 

damage to crops, public and private proper 
ty were reported.  A Philippine freighter 
ASIAN MARINER was reported sunk by Typhoon 
Nora in the Taiwan Straits.  All 38 crew 
members were rescued.  The Greek freighter 
BALTIC KLIF was also capsized and sunk by 
Nora some 80nm southwest of the Pescadores. 
Three of the crew were drowned with several 
missing and presumed lost.  Taiwan also 
suffered extensive damage from Nora. 
Twelve persons were reported dead and 28 
unaccounted for.  Nearly 8,000 people were 
left homeless with Nora destroying over a 
thousand houses and damaging hundreds of 
others. 
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OPAL 

Opal formed in an active monsoon trough 
in the South China Sea. The first evidence 
of a weak surface low appeared in the trough 
on the 1st of October. However, it wasn't 
until late on the 3rd that significant 
cloudiness associated with the incipient 
storm became apparent. 

Early on 4 October, Opal reached minimal 
tropical storm intensity about 75 nm north- 
west of Nanshan Island. She moved to the 
northwest at 6 to 7 knots in response to 
the high pressure cell over eastern China. 
By the 5th, she had developed typhoon 
strength winds (Figure 4-20). 

On the morning of the 6th, Opal abrupt- 
ly changed her course and moved northeast- 
ward. She remained on this course for the 
next 12 hours before resuming a westnorth- 
westerly heading. A reasonable explanation 
for the temporary eastward movement may 

•rest in a Fujiwhara interaction with typhoon 
Nora. Nora was positioned in the Philippine 
Sea about 750 nautical miles from Opal and 

reached maximum intensity almost coinciden- 
tly with the eastward shift in Opal. Also, 
Nora turned to a more northerly track at 
this time. Brand (1968) reports a maximum 
distance for interaction of about 750 nau- 
tical miles. He demonstrates that the angu- 
larchange rate of a line connecting the 
storms at this distance should be very 
small, only 3 degrees per 12 hours. The 
actual change was somewhat smaller, indi- 
cating the weakness of the interaction. The 
short period of the interaction may be due 
to the terrain effects of the intervening 
Republic of the Philippines, among other 
factors, as Brand suggests that the binary 
rotation is due to the circulation of the 
inflow layer which occupies only the lowest 
few thousand feet. 

Maximum winds of 70 to 75 knots were 
observed during the 6th and early on the 
7th as Opal resumed her westnorthwest move- 
ment. Opal moved ashore north of Qui Nhon, 
Republic of Vietnam late on 7 October and 
rapidly dissipated. 

FIGURE 4-20. T/ioplcal StoKm Opal in the. South China Sza  225 nm 
ioutheoat  o<[ Qui Nhon,   5 OcXobzK  1973,   045B  GMT. [VHS? ima.ge.Jty) 
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PATSY 

A weak disturbance formed in the mon- 
soon trough 300nm south of Guam on the 3rd 
of October.  The weak vortex drifted west- 
ward in the wake of Nora.  Until the 6th, 
it underwent only minor development due to 
the strong vertical shear caused by Nora's 
vigorous upper tropospheric outflow.  Re- 
connaissance aircraft, investigating the 
disturbance on that day, reported maximum 
surface winds of 35 kts, heralding the ar- 
rival of Tropical Storm Patsy. 

For the next two days she followed a 
westnorthwest course at 6-8 kts under the 
influence of the steering flow of the mid- 
tropospheric ridge to the north.  Patsy was 
characteristically a small storm throughout 
her life.  By the 8th she had developed 
typhoon force winds as she began to accel- 
erate to a speed of 10-12 kts. 

A reconnaissance aircraft reported that 
Patsy had rapidly intensified into a super 
typhoon with estimated maximum surface winds 
of 150 kts and a central pressure of 893mb 
(10/0020 GMT).  Her central pressure had 
dropped 57mb in a span of 22 hours (Figure 
4-21). 

Patsy continued unerringly toward the 
northern tip of Luzon as she began to 
weaken late on the 10th.  Interestingly, on 

the evening of the 11th, DMSP satellite 
imagery revealed that Patsy's low level 
circulation had separated from the upper 
level portion of the cyclone (Figure 4-22). 
The low level portion took a more northwest- 
erly course and weakened to a tropical dis- 
turbance as it crossed the southern Luzon 
Strait.  Meanwhile, a radar site in the 
Republic of the Philippines continued to 
follow the upper level cloudiness as it 
tracked due west towards Luzon.  A similar 
situation occured with Susan in 1972. 

The upper level circulation drifted over 
Luzon and out into the South China Sea.  It 
apparently became superimposed over a low 
level vortex that had been situated in the 
South China Sea for several days.  This 
system developed to tropical storm intensity 
as it passed to the north of the Paracel 
Islands.  It weakened to a tropical depres- 
sion just prior to making landfall in the 
Republic of Vietnam. 

Patsy was the 3rd and final super ty- 
phoon of the year.  She was only the 2nd 
storm to form in the western Caroline Is- 
lands area in the 1973 season. 

FIGURE 4-21. Supe.*. Typhoon Vatiy 
[light)   at p&ak Intensity.     Typhoon. 

NoJia.  \le.&t)  In the. TcUwan Stuart,   9 
October   7 9 73, 2347 GMT. [VHS? Imagery] 

FIGURE 4-22. Moonlight vliual o( 
Tn.oplc.at Storm Vat&y.    Spinal cumulai 
pattern  deplete  the. tovi level  circula- 
tion uilth the. clrrai   canopy displaced 
to  the. 6outhvie.it,   7 7 October  1973, 
1613  GUT.      {VMSP Imagery) 
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RUTH 

The formative stage of Ruth appeared 
early on 10 October as a weak circulation 
in the monsoon trough in the western Caro- 
line Islands.  By the 11th, an area of en- 
hanced convective activity associated with 
the cyclonic circulation became evident 
from satellite imagery.  Ship reports on 
the afternoon of the 11th located Tropical 
Storm Ruth about 2S0nm westsouthwest of 
Guam with maximum winds of 35 kts. 

Ruth followed 3 days behind Patsy.  She 
tracked approximately 12 0nm to the south of 
but parallel to Patsy's track across the 
Philippine Sea.  It is interesting to note 
that although Patsy intensified rapidly to 
super typhoon strength, Ruth developed 
slowly and reached typhoon intensity three 
days after she became a tropical storm. 
(Figure 4-23).  The satellite data for this 
period showed little or no convective acti- 
vity on the north side of Ruth.  The strong 
upper tropospheric northeast flow from the 
subtropical ridge may have contributed to 
suppressing the outflow from Ruth on the 
north side and thereby inhibiting her 
development. 

She continued her westerly movement 
with slow intensification until landfall on 
Luzon on the 15th, with maximum sustained 
wind speeds of 85 kts.  Rapid weakening 
then occurred as the low level inflow was 
disrupted by terrain effects.  Her maximum 
sustained wind had decreased to 50 kts by 
the time she reached central Luzon. 

Ruth passed 42 miles north of Clark 
AB  late on the night of the 15th where 

maximum sustained winds of 30 kts and peak 
gusts of 43 kts were recorded.  Only minor 
damage was reported at Clark AB.   Baler 
recorded maximum peak gust of 95 kts from 
the north (15/1355 GMT) while Casiguran 50 
nm further north on the coast experienced a 
gust to 98 kts three hours later (15/1700 
GMT). 

On the 16th Ruth entered the South 
China Sea and tracked westward toward the 
Paracel Islands, still under the steering 
influence of the subtropical ridge (Figure 
4-24).  A Japanese ship IDEMITSU MARU re- 
ported 50 kts of wind and a surface pres- 
sure of 995mb as she passed 90nm northwest 
of Ruth (16/0000 GMT).  She reintensified 
on her sojourn across the South China Sea 
reaching a maximum intensity of 90 kts on 
the afternoon of the 17th just east of the 
Paracels.  Shortly after attaining her max- 
imum intensity, Ruth turned to a northwest- 
erly course in response to a weakness in 
the subtropical ridge.  She then crossed 
Hainan Island and entered the Tonkin Gulf 
with maximum sustained winds of 50 kts. 
Ruth continued to weaken rapidly as upper 
tropospheric support waned, and dissipated 
completely as she moved inland along the 
North Vietnam coast on the afternoon of the 
19th. 

Damage reports indicate that while Ruth 
was crossing Luzon, 27 people were killed, 
30 people were injured and 23 people were 
missing.  Property damage amounted to more 
than five million dollars (U.S.) with thou- 
sands of homes destroyed. 

FIGURE 4-23. TA.op-ic.at StoAm  Ruth In 
the Vhlllpplnz Sea  ZZ5 nm ea&t oi 
Ca.ta.ndua.nzi   Jiland,   14  OctobeA   1973, 
0009  GMT. {VHS? Jbma.se.iy) 

FIGURE 4-24. TAoplcal Stotim Ruth. 
AZA.nte.niliyj.ng  a&tzA cAoalng  Luzon, 
16 OctobzA   1973,   0359  GMT'.  (PMSP 
j.mage.Ay) 
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3.  TROPICAL CYCLONE CENTER FIX DATA 

a.  DISCUSSION OF DATA: 

Fix data from all sources are in- 
cluded for each tropical cyclone.  The 
first four columns of the print-out list 
the same information regardless of platform. 

FIX NO.- Fixes are numbered 
sequentially. 

TIME  - GMT time in day, hour, 
and minutes of fix. 

POSIT  - Position of the storm 
in degrees and tenths. 

FIX CAT- Fix platform used 
(SAT - satellite, P - 
penetration, LRDR - 
land radar, AC R - 
aircraft radar, SRDR - 
ship radar, CPA - sta- 
tion experiencing cen- 
ter passage, SCF - 
synoptic chart fix). 

The format of the remainder of the 
print-out varies with the platform. 

(1) SATELLITE - These data were de- 
rived from bulletins received from 
FLEWEAFAC and NESS Suitland, Maryland (NOAA- 
2), the APT site at U-Tapao, Thailand (ESSA- 
8), or DMSP (formerly DAPP) data from vari- 
ous sites (Chapter II).  Intensity esti- 
mates (when available) are listed using the 
NESS classification system (NOAA Technical 
Memorandum NESS 45).  If the source were 
DMSP (DAPP) data, the PCN (Position Code 
Number) appears followed by the name DMSP. 
If the platform were NOAA-2 or ESSA-8, that 
name will appear after the intensity infor- 
mation along with the site name and loca- 
tion confidence number (NOAA-2 only), (NHOP, 
1973).  NOAA-2 fixes without a site name 
will be assumed to be FLEWEAFAC Suitland 
fixes. 

(2) RADAR - The latitude and longi- 
tude of land-based radars are given in the 
POSIT OF RADAR column.  The position of mo- 
bile radar platforms are included if avail- 
able.  Plain language remarks appear after 
AC§W radar reports regarding tropical cy- 
clone characteristics, size, and accuracy 
of fix (CINCPACINST 3140.1L, 1973).  All 
other land radar reports contain a 5-digit 
code group identical to the WMO radar code 
for reporting tropical cyclone characteris- 
tics as regards to size, development, and 
accuracy of location of the center or the 
eye.  A list of land-based radars providing 
data in the fix print-out is given in Table 
4-7. 

(3) CPA - If a station experiences 
centeT passage, maximum surface wind ob- 
served and minimum sea level pressure re- 
corded are listed. 

(4) SCF - If synoptic data is dense 
and consistent enough to provide accurate 
fix information, the derived storm position 
is listed. Maximum surface wind and mini- 
mum sea level pressure values are included, 
if possible. 

(5) AIRCRAFT PENETRATION - These 
data were normally obtained at scheduled 
fix times.  Additional reconnaissance air- 
craft fixes are made during the peripheral 

data gathering legs between scheduled 
fixes.  These fixes normally provide date, 
time, and position data only. 

The categories containing information 
from reconnaissance aircraft fixes aTe: 

(a) ACCRY (Accuracy) 

The estimated navigation 
(first number) and meteorological (second 
number) accuracies are expressed in nauti- 
cal miles. 

(b) FIX LVL (Fix Level) 

A constant-pressure-surface 
flight level (listed in millibars) is nor- 
mally maintained during a tropical cyclone 
fix mission.  Low-level missions (1500 feet) 
are conducted at a constant, true altitude. 

(c) MAX OBS FLT LVL WND 

Wind speed (kt) at flight 
level is measured by the AN/APN-82 doppler 
radar system aboard the WC-130 aircraft. 
The values entered in this category repre- 
sent the maximum wind measured prior to ob- 
taining a scheduled fix.  This measurement 
may not represent the maximum wind because 
the aircraft samples only those portions of 
the central core region along the flight 
path.  For this reason, the maximum observed 
may be significantly lower than the true 
maximum wind in the circulation (i.e., pene- 
tration through weak semicircle on first 
fix). 

A limitation of the doppler 
radar system occasionally prevents the 
measurement of the maximum wind in intense 
typhoons.  In areas of heavy rainfall, the 
radar may track energy reflected from pre- 
cipitation rather than the sea surface, pre- 
venting accurate wind measurement.  Also, 
the doppler radar mount on the WC-130 re- 
stricts wind measurements to drift angles 
£27° if wind is normal to heading of air- 
craft. 

(d) MAX OBS SFC WND 

The maximum surface wind 
(kt) observed from flight level is entered 
in this column.  The observation is an es- 
timate based on the state of the sea (refer 
to 9WRWGM 105-1, Vol II, pp 2-27-28).  The 
sampling limitation noted in paragraph (c) 
also exists for this category.  In addition, 
availability of these data is dependent on 
the absence of undercast conditions.  The 
position relative to the vortex center of 
items (c) and (d) need not coincide. 

(e) OBS MIN SLP 

The minimum observed sea 
level pressure is normally obtained from a 
dropsonde released in the vortex center. 
If the ocean surface is visible, the drop- 
sonde will be released over the center of 
the area of calm seas; otherwise it is re- 
leased at the flight level wind center.  If 
the fix is made at 1500 feet, the sea level 
pressure is extrapolated from that level. 

O 
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(f) MIN 700 MB HT REFERENCES: 

The minimum height of the 700mb 
surface in the vortex center is recorded 
in decameters. 

(g) FLT LVL Tt/7o 

This denotes maximum temperature 
measured in the center (T^) and ambient 
temperature outside the center (T0).  Am- 
bient temperature is measured just prior 
to entering the wall cloud.  Both tempera- 
ture observations are in degrees celsius 
and are made at a flight level of constant 
pressure surface (700, 500-mb). 

Reconnaissance aircraft seldom 
penetrate on the same azimuth from one fix 
to another.  Thus, the position of T„ 
normally varies from the center, both in 
bearing and range.  The distance is direct- 
ly dependent on radar definition of the 
storm. 

(h) EYE FORM/ORIENTATION/DIA 

The shape and diameter (nautical 
miles) of the eye are determined by radar. 
This is reported only if the center is 50% 
or more surrounded by wall cloud (see 
definition in Appendix).  The orientation 
of the major axis is for elliptical cases. 
Abbreviations for the eye form are: 

CIRC - Circular 
ELIP - Elliptical 
CONC - Concentric 

Brand, S., "Interaction of Binary Tropical 
Cyclones of the Western North Pacific 
Ocean," NAVWEARSCHFAC Tech. Paper No. 
26-68, September 1968. 

CINCPACINST 3140.1L, "Tropical Cyclone 
Operations Manual," June 1973. 

FLEWEACEN/JTWC, Annual Typhoon Report, 
Guam, Marianas Islands, 1970. 

Ramage, C.S., Monsoon Meteorology, Academic 
Press, New York and London, 19 71, pp. 
189-190. 

Sadler, J.C., "The Role of the Upper Tro- 
pospheric Trough (TUTT) in Early Season 
Development," ENVPREDRSCHFAC Tech. 
Paper, 1973 (in press). 

U.S. Dept. of Commerce, NOAA, Federal 
Coordinator for Meteorological Services 
and Supporting Research, "National 
Hurricane Operations Plan," May 1973. 

TABLE 4-7.  LAND RADAR SITES 

Location Station No. ICAO Station Name 

10.3N 124.0E 98646 
98440 

RPMT Mactan 

14.4N 120.6E 98425 Manila 
16.4N 120.6E 98328 Baguio 
17.4N 104.7E 48357 VTUW Nakhon Phanom West (USAF) 
26.IN 127.8E 47937 Itokau 
26.4N 127.8E RODN Kadena AB (USAF) 
26.2N 127.7E ROAHJ Naha AB (JASDF) 
24.3N 124.2E 47918 Ishigakijima 
28.4N 129.5E 47909 Naze 
33. 3N 134.2E 47899 Murotomisaki 
30.6N 131.0E 47869 Tanegashima/Naka 
33.6N 130.5E RJFFJ Itazuke Airport (JASDF) 
33.4N 130.4E 47806 Fukuoka/Sefurisan 
35.9N 126.6E 47141 RKJK Kunsan AB (USAF) 
37. 5N 127.0E 47116 Kwanaksan Myn 
34. 6N 135.7E 47773 Osaka/Takayasuyama 
24. 3N 120.6E 46770 RCMQ CCK AB/Taiwan 
22.6N 120.3E 46744 Kaohsiung 
23. ON 120.2E RCNN Tainan (AC§W) 
22.6N 120.4E RCKH Kaohsiung Int'l Airport (AC§W) 
23.5N 119.6E RCQC Makung (AC§W) 
24. ON 121.6E 46699 Hwalien 
22. 3N 114.2E 45005 Hong Kong Obsr. 
18.IN 120.5E Paredes (AC§W) 
16. 6N 120.3E Wallace AS (AC§W) 
14. 4N 122.6E Paranal AS (AC§W) 
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FIX DATA PRINTOUT: 
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~ - - Z 22.3N 11«.ct 
22.3N ll«.*E 

tJJ.ü/j.b 
(T2.5/.5-S ./i»2.0>V*nHS) 

(T2.o/,;.u   /00.5/^*nkS) 

LHtlH 
LHUH 
LrtUH 

DfG   SPIKSU   OVghLAY   tYL.    FAi«   FI* 

FIX 
FÜ   SPIRAL   O^tMLAY   tYt»    PUUM   FIX 

80 19210OZ     31.5«   127,2E     LHUH 
81 19,;200Z      32.1«   127.UE     LHUH 

127.06 
126.2E 
126.3E 
126.JE 
126.JE 
1 14.-aF 

1A1 
CPA 

US 

(Tl.5/^. 

*Afu ANr   TSI «ion 

PC«   5     UHSP 

NÜAA £    l»tSi>) 
NUAA 2 

PCN J UMiP 
PC«   J UNS** 

<COF   OD 

—,7    MAX   (-IrtT   A7KY 

26»4N lc(*et 

26.*N UUäfc 
26.4N liif.fcfc 
26.+N i£'»et 

33.4N 1JU**t 
33.4N lJt.4t 
33.*N IJli.üL 
33.4N Uu.^fc 

FIX 
hü. 

27 
28 

5o 

li 

35 
36 

fix  ACCHy 
CAl KAV-HE7 

1623302 io23«Uz 
20.6« 
20.J« 

17211UZ 
ldBojJZ 

22.2« 
22.^« 

11 1002002 
12 l»o2u«2 

13 16o|15Z I* I»o3»o2 
lduj»az 
loo»J=Z 
161»boz 

22.2N 
22.DN 

22.5« 
22.'« 

lbl'SOZ 
1»1»50Z 
laiojtz 

mm 
1»233J2 2b     1»233J2     2«.«» 

lb    NSo»oZ    J«.»« 

HolblZ 
jvulaiz 

Itäiii 
mm 
mim 
1"1«1'Z 
1»1«1»Z 

25.1« 
2«.»« 

J1:§N 
2^. ON 
27.»N 

2o83fiz 
fflity 
200J51Z 
Soo^ooz 
2Ol§0£2 
2ot°ocz 

20.»« 
2-J.'*« 

30.2« 

JiriK 
32.UM 

TYKMyON        tLLtM 
fUPOSITlUN^FO^CjJCÜJjE   «U.      6 

MX  FLiMLV2i«u    sP^.m    m 
LVL  DIH Vtc B^C- HNÜ  VtL B«6 «No   SUP 

HI«   'fcl 700MB  1.5L 
H<iT  ll/TÜ 

ETL 
KOHM 

»ICN- 
«T10K 

E1E 
DIA 

13».oE 
IJalut 
13».3£ 
13».3E 

insvsi il:s» iii-M til 

am ii:s» lii-M i2i 
13o.BE 
13B.»E 
13».JE 
l3».»E 
13B.2E 
13».«E 

3AI 

1J2.0/2.Ü   /01.0/<i»"RS) 
1*2.0/2.0   /Ul.O/iSnRS) 

m-.l'A'A Äi:3«äRBSJ 
(I*.0/«.o   /O        /      CHS) 
U«.5''».=   /02.0/23nR6) 

S        ♦        7(]„      260      (O   ISO 
(T«.S/«.b   / /      nRb> 
(IJ.5/J.5  /D2.S/2*nRS) 

5       b       7un        -       6=  310 

13».liE 
138.»E 

mm  ?i:i« USrSI 
138.2E 
138:u£ 

5       3       7uu     lbolo»   170 
<T«.o/».y   /U0.S/2»nHb) 

llb.5/b.s  /U2.0'CJnRS> 

138.IE 
lJo.uc 

U»:Si 
132:51 
11S:«I 
138.bE 
13».JE 

(T3.5/3. 
<la.5/6. 

/U2.5/2»nRb) 
/U1.0/<:»flKb> 

3A1 
6AI 

%  mm ilia lä8:äi *P 
13B.JE 
13».ut 

iä»:üi 

13S:ÄI 
i8:*i 

5 7oo        30     WD   JOO 
3 .10        7„n      120      aj?     20 
Hi.5/3.5   /«1.5/2»"HSI 
(|3.n/».ij   /M2.5/4;b';Hbl 
(I3.S/4.5   /«1.0/2»"Rbl 

(tj.o/4.u-/«1.5/2»nRSI 

4 5-        2bQ      40   160 
5b IIS      4»   360 

700 
7ü0 

210  4b 100 
200  «? 100 

!8£Rf 81! 

SES i   BSSP 
nUAA <: tntSS» 

97Ö   288  Is 

PtN 
10 

1  DHiH 
2b4  1» 11  CIRC 

£« 1 
i       944  262 

ICCNF Oi) 

i,   12  C1KC 

SI    !l?:e«:s 

I  iB   i   ?M I»8 l8i i9S  2§ 
PC« 

1ÜU JuO 

PC« J  UM»H 
f-CN 1  UM»H 

PC« J  OMbf 
30 

PgSl. 

NMpK 

?bi it? i= ii a* io,is 

30 bu J30  lb 
nuriA i INtSS) 

962 
973 

(CCNF Oil 

277 
2»6 

25 

PC« 
PC« 
4b 

35 
294 lo ö 
297 I» 10 

300 la 11 
300 1« 11 
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1IX rlA 
NO,   ll"t       PUSH      Ml 

SI  210121*  32.ON 13a. ut  SAT 

5? 

100 
101 
102 
103 

107 
Ion 

111 
it« 
IK 

m 

133 
13« 

210J1SZ 
(list»; 

32.2N 
31.2N 

59 

SU 

3„WN 
31. u« 

w 2J0300Z 

2J0O00Z 
23o?OoZ 

30-'»« 
30. VN 

30"«" 
30-VN 

30.'« 
30.3" 

IJl.of 
131.'E 

5?   ijüSä«  J8:iK HUS 
B2  23l->0OZ  30.IN 
B3  2.>1'0UZ  30.1"" 

04  231300Z  2V.BN 
85 2JI=1VZ 5o.i~ 

B<2  23131VZ  29.*" 
87  2JlSl'Z  So-oN 

B8  231O0WZ  10.1 
»V  2J1T00Z  30.1 

J0.1N 
2V.VN 

2Jl'0uZ 
2Jl'OlZ 

2V.VN   IJu. 
30.2N   130. 

u.vE 

13o.VE 
130.«E 

3?  SJiSHuz  3ü:Ä Hü:?! 
2J2V0OZ 
2J?100^ 
.JiflVUZ 
232^011/ 

232CUOZ 

UliKl 

30.21 
30. 2N 
30.2"! 
30.3« 
30.3N 

130. ti. 
130.oE 
130.It 
130.0t 
130.oE 
Uo.ftE 
130.»E 

24010VZ 
24U100Z 

240C0UZ 
2«U£o»Z 

2«0SOOZ 

Mini 

112 äissüz" lv.& 1: 

12vIuE 
130.IE 
130.3E 

12y.»t 
130.oE 
12V.s£ 
13u.oE 

i8:Sf 
12V.bg 
12v.«t 
lüv.ot 
12V.vt 
12V.nt 
I2t.lt 
12V./t 
12V.ot 

«Pn«0N       ELI.EN 
OH»  fün   CVCL0NE  NO.     6 

til1     oft'.kES.tt"«.»     ÄSl»"«*        S£P 
HIN 

F%. 
POS,T 

IftBs Eli    *&« 

136.2E 
136;2t 
1J6.SE 
136.6t 

136.»E 
136.3t 

2*»l20UZ 
2"*1^00/ 

2.1JÜUZ 
2»|J0oz 

nmzi 
2«.l5U0Z 
2t1&0WZ 

30. "< 
30."« 
3u.v~ 
30.V« 
30.HN 
30.VN 

(2V.OE 
12V.»t 

1*1 2«l5»»Z 
1*2 2«l7oOZ 
143 2t(O0uz 
144 2»2i.0oZ 

I*7 
Us 
14* 
ISO 

12V.6L 
12V.OE 
12*.St 
12V.nt 

I   12V.oE 
»   12V.«E 
I   12v.it 
I   12V.at 
1   12V.JE 
I   12*.St 
I   12V.sE 

I2y.»t 

12V. s£ 
12*.sE 
12V. »I 
12*.St 
12V.&E 
12*.St 

(12.o/J.u /al.0/2SnRsi 

(12.0/3.u  /al.S/2*XRS| 
lI2.o/J.o-/3l.o/2»nHS> 

5        5 - 40     20   310 

111.5/2.=  /«I. 0/2411151 
(12.5/2-5  /O0.5/23XBS) 
IT2.0/2.U  /0       /2*nBS] 
(T2.0/2-V  i*        /2»"fii>l 

NU*« 

PCN   J 
PCN   3 

Ju.BN   133.'t 
3o.»N   13s.St PC«   J 

ifi: 
(U. 
(TJ. 

320 ,   3=  220 

*8!:S*8K8SI 
0/J 

5/3.5  /Dl.5/2*"BS] 
1/3.0   /U1.0/2*nfiS) 

Js'/i 
J5//, 

3^7/ 1 

ü#t>P 

UtOP 
UMiP 

?»  ÜSSSouz  JJC3S \i\:& 

IJO.sE 
Ul.'E 

13o.»t 
UO.vE 

i   IJo.vt 
IJI.SE 

t   13J.2E 
131.oE 
131.ot 
131.2E 

LHUfl 
LKOK 
LKUrt 

3uJ// 
JS// 

3b//1 
lolul 

H172 
lo23? 
2o3/i 

: iülll 
- 2oJll 
- 3(.JM 
- lo3i? 
- IdJlP 
- Jg*2] 
- Jujll 
- 2u3«? 
- 2S»ol 
- 2o3lJ 

PCN   s     OHW 

PCN   5     DBSP 
PC"   b     UN»P 

PCN   5 

PCN   s 

UNSP 

UHiP 

/«0.5/2*"RS> 
/«1.0/2CRS) 

- 2oB?i 

(13.0/J. 
ir2.o/J. 
(T3.0/3.Ü   /•0.5/2*nHS) 

- SS-»JZ 

IESRF Si! 

PCN   1      ÜMSK 

dtiO     ^v   ivü      3U        J3   ^30     28      1U01 307      1,/ 
t-HÜH 
3AT PC«  a     uHap 

»9.6fe       LMUK 
3        S   1V«J 

: s^!i 
- 35/ u 
- Ht»l 
- ll»nl 
- 22V]1 

270      1?   210      40        3D   J30      10 

2so    2f  iyo    20 
-   2„7l;> 

- 2l6.)3 
- Il6l? 

11$ 

PCN    J       UMbP 
PCN   J      UMiH 

^10     J?   iiu     3b       i»   4<iu     2o 

IS:» 

JI:tS 

Hl:tE 

iiidi 
131.gE 
1J0.4E 

lllljl 
ilirsi 

31:« m-M 

30.6N 
33.4« 

U:® 
30<6N 
33.4N 

33.4N 
30*«N 

130^E 
131.OE 
130.4E 

30.6N   131.HE 
30.«N  131.«E 
28.4N   12*.SE 

30.6N  131.oE 
28.4N 
28.4« 

12V.SE 
12« .6E 

18:8« 131:81 
28.4N 
26.4N 

30. tN 
30.6M 
28. 4N 
28. 4N 
30. »H 

12».5E 
12«.5E 
131.OE 
131.«E 
129 ,5t 

iSSrSji 
lit:U 

28.4N   12V.bE 
30.6N   131.«E 

33.4N   130.4L 

28.4M   12S.SE 

28.4N   12S.5E 

ü::K m-M 
33.4N   1J0..E 

■H:tfi 153:16 
33.4N   13t.«t 
28.4N   12S.5t 

iä:J» Will 
33.4N   130.«E 

33.4N   1J0.4E 

33.4N   1J0.4E 

Hit* ÜWI 
33.4N IJ0.4E 
33.4N 130.4t 

33.4N 1JU.4E 

33.4N   131,. 4£ 
33.4N   IJ0.4E 

SS 



EK 
151  2S0HUZ 

162 
163 
16* 
165 

M 

!?? 
Hl 
17« 
175 

186 
187 

»I 
Bi 
m 
B? 
198 
199 

200 
201 
202 
203 

208 
209 
210 

213 
214 
21b 
216 
217 
?1S 
?10 

IS!J?88z 

260JOUZ 
260'OOZ 

26060UZ 
26104IIZ 

32.2N 

32 

ilT 'Al   hAV-M£T      L^L      ÜIK   Vt1-   DH6 

l2ö.Vt      3A4 H2.0/2.S   /»0.5/2*.nKb) 

li/TU 

FOSlI 

ttt Blt>- 
rÜKP.        „TlON 

m mm 
25i**>«z 
£DiJÜUZ 
2bi;ouz 
2bl3üuZ 

iil'iii 
25160UZ 
2S1»OOZ 

mug 

IM  ISUllii  33 

US  S«S8«  3g 
262100Z 
2623U0Z 
2/UUUOZ 
2/01U0Z 
Jloiuaz 
2701UOZ 
27o*0üZ 
2fU^UUZ 

18881)25 

2b(PO02 

2bU'0UZ 
2bU*>l)UZ 
2öll0üZ 
2öl*:uo/ 
?öl-30ü2 

?gi;ü8z 
2Ö13402 
2dl=>4öt 

zl£     Stf^uuz 
2*0iU*:z 
2*o2llOZ 

2*0JÜu2 
■jfiflnooz 
■sftOfiOOZ 

12*.ut 
129lot 

lgy.yt LNUI 

130.3t LKüi 

i l3l).*E LKU! 
I I30>E LkUi 

i 13u."t LKU 
I l30.*t LKU 
i 131.ut LKU 
i l3i.it LKU: 
I 131,it LMU 
I I3uflt LKJ 
I 131 *<et LKU 
I l3l.4t LKU 
I 131.Mt t-KU 
I 131.5t LfcU 

I l3i.«ti LKU 
i iJ2;jt t-Ku 
I 132. tit 3AT 
I 132.st 3Al 
i 132.*E LKU 
I lSSlbL LKU 
I 132.7t eKU 
l 132.VE LKÜ 
I 133. ut t-KU 
I 133. It LKU 

I 133.St LKÜ 
I 133.It LKU 

I 133.Ht LKÜ 
I I33;*E LKÜ 

I 134.St LKU 
I 134.bt LKU 
I 134.ti LKU 
I 134.BE LKU 

U3 

([2.0/c.u   /S 

( I3.5/J.b  /S 
- Iü4tv 

- Iy2^3 

- 2u312 
- Il2il 

45//1 

- bb//i 
- b2c0l 

U2.5/<:o   /üu. 
( r*I.5/>»b   /Oi>< 

134.Ht 
134.Dt 

HS:9f 

136.*E 
lil.it 

111.2t 
13l.it 
137.JE 
13J.4E 

»37.»6 
I37:«t 

Hl.11 

137.3t 
13?.2t 
137.oE 

iikll 
I   13ö.Ut 
l   13b.öL 

13b.(t 

137.?f 

t-HÜK 
LHUK 
LKUH 
LHüK 

OAl 
iAT 
LKUH 

SCF 
SCF 

5/23«-'HS) 
5/<:3nK5> 

ni.5/j.b / 
- 2ü*n 

- *u7n 

C   IntSSJ    (CONF    Ul) 

£ (UCNF   Oi] 
UM3F 
UK3H 

NOAA   £    l«LSb) 

.5/23f>Hb) NÜAA   £ 1LCNH    01) 

^2*nH&l NÜAA   £    (fiLbb) 

.0/2-*"Hi) VZf*   3     UMSH 

tl2.Q/*;.u-/S 
-   2l4T? 

PCN   3     Uh3H 
OCrt   3      UKSH 

/£^Hbl ")UAA   £ 

/      f»HS) PCN   3      ÜM^H 

»CChK   Oi) 

33.4N 

33**« 33. 4N 

130.4t 
iJo.tt 
l3U.4t 

iJL.^t 
lJU.4t 

ii:t» nun 
33.»N 
33.4N 

13:» 
11:3S 
33. 3N 
30.bN 

H:SE 

31:38 
iJt.^L 
iJ^.it 

H:äB 

33:3R 15 
33.3h 
33.3N 

lJi.it 
Ui.tt 

J3.3N   1J 
3.3N   1J 

35.IN   Ut.lt 

3S.4N ut.it 

35.4h IJt.lt 
35.«N lje.lt 
35.4h ljt.it 
35.4h   ljc.it 
35.4h Ut./t 
35.4h   UC./t 
15.4h IJC./t 
35.4h   ljc.Jt 

34.6h ljt.it 

iltSh Ijlltjt 

35.2h   IJi.ut 

35.2h   Ul.ot 

O 
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TROPICAL ST OHM  FRAN , 
Fl» POSITION FOR CYCLONE NO. 

29 JUL TO 10 JUL 

FIX rlA ACCRr   F„   FtTML*5LüalN0     5??*.« 0 ffl     TSONB l-LT 
LVL 

NO. tl«t HOSIT I.AT NAV-NET  LU  DIR VEL OHC RNG  V6L BKG KNC i   SLP   H6T Tl/TO 

1 
2 

212322Z 
2bo34az 

12.UN 
ll.»~ 

13o.ut 
136.ue 

oAf 
SAI 

(T1.5/1.S /U0.5/24nRS) 
lTl.5/1.3 /U   /  fiRS) 

NOAA 
PCN S 

2 (NtSS) 
UH3P 

ICONF 02) 

3 » 
230->4BZ 
20UÖ1ÖZ 

11.2N 
11.3" 

13b.e£ 
I3u.s6 

3Af 
SAT 

(12.0/2.0 /01.0/2iNR5) 
(T1.5/1.S /Oo.S/23ftRS> 

PCN 5 
NOAA 

UMSP 
2 1CCNF Oil 

5 to 2quJ3Jj: 
2/uHCZ 

11-3N 
I6.3N 

13,6.1.6 
132.3t 

3AI 
3AI 

(ll.S/l.b /S  /  nRb) 
112.0/2.u /00.5/2b"RS) 

PCN b 
NOAA 

. OHSP 
ICCNF 01) 

7 
B 

2/uJl°z 
2I03I8Z 

16. f» 
16.fN m& DAI 

SA{ 
I12.D/I.I '    '  "R=l 
(11.5/1.5 /S   /2*"RS) 

PCN 3 
PCN 3 

OHSP 
OMSP 

9 
lu laOOloZ 

1/.2N 
19.UN m-M SAT 

3AI (12.0/2.u /S   /2»nftS) 
PCN 3 
NOAM 

DMSP 
2 IN6SS) (CONF 02) 

12 ^S83A*f !?:VS &:£ 3A[ 
SAI \li:M:t 'A    ^RBSI NOAA 

PCN 3 ^OMSP 
ICONF 02) 

I4J iVtiiti l /.3N 
19.ON iii-M 3AT 

SAT 
Hi.5/1.s /S   /24"RSI PCN 3 

PCN 6 
OhSP 
ON3P 

lb 
It. 

2B134BZ 
Z023SOZ 

10. IN 
19.2N 

121.It 
123.36 

SAI 
P b  6   -110  3u  30 

PCN 3  OMSP 
SO   23  »U 40 1004   312 14 13 

1/ 
IB 

2^iUlUO^ 
29U300Z 

19. /N 
19.2N 

12».Ut 
123. It. 

3AI 
P 

1(2.5/2.5 /00.5/2snRsi 
6  10    -   220  A» 150 

NOAA 2 
20   40 140 23 

(CONF 01) 
1002  311 u    - 

i9 2u 
2904312 
291I43Z 

19.4N 
19.3N \ii-Xi SAI 

H 
(T3.0/3.0 /O   /  NRS) 

S>  15   700  140  1=  50 
PCN 3 
20 

UMSP . 1004   312 1*   - 

21 
22 

29131BZ 
2'>1!ISZ 

19.JN 
20-4N 

122.3f 
12U.BE 

P 
3AI 

5  10   7oo   60  3» 340 90 
PCN 3 UMSP 

- 1005   313 ll   - 

23 
2« 

292-:2lZ 
3U0O0BZ 

19. /N 
22. UN 

122.36 
124.ut 

P 
SAT 

- ,10   ?00  210, 2= 130 
(U.S/1.3 /«U.0/23"R3> 

lb   13 220 
NOAA 2 

10 1006   314 
CCONF 01) 

9 

§6b 3U010UZ 
3uu41o2 

22.IN 
19.3N 

121.Hi 
119:36 OS, 3  lb    -   3b0  23 190 

(Tl.0/2.0 /«2.0/24nRS) 
lb  13 log 
PCN b  UH3P 

40 1008   316 ll   - 

EYE 

FORM 

RI6N- 

»UON 

EYE 

UIA 

FgSl. 
HSK 

NNp* 

1 OöÜU4UZ 

2 QauvfH 

4 otjuJ4'£ 

6 UÖIO31/ 
7 uyuija/ 

Ö Ü^Ü*4*U 

11 ü-jüiüöz 

12 U-SüJJ*:/ 
13 u^u^^J 

3? 

1§ 
40 
4) 

Xi 
44 
45 

46 
47 

20-UN 

20-UN 

f«SS ii? 
2U-2N 
ly.dN 

Jy.^N 

lly.ut 

H*.uE 

11V.4E 
117.rE 

H0.0E 
117.11E 

•31 
lie.«E 
117.IE 

116.'6 
iw.oE 

(^    U *u-—■-*   £U»»'  11V 

uvuouoz 

övKüOz 

U^l^lUZ 

l^.tfN 
19. UN 

yioloz  1V.3N 

^lUlOi   IS.iiN 
y*°AOZ ly*t)M 

U^2iUW^ 
jj-*2ii4^ 

louuov^ 
1UU<:JUZ 

luo^Juz 
luu^o**^ 

luo^^uz 
lüO^UÜZ 

19. 3N 
2u-y* 

Uö*«E 
Hb. St 
lie.JE 

lit».tot. 

Hb.IE 
Ha.3t 

HS:ü 
li?:?i 
114.9E 
114.(t 
U4.3E 
114.36 
113.9t 
113.3t 

113./E 
113.4t 

(UU3UUZ      19.3N   11J.16 
1UUOUU2       19.3N    lI3.lt 
1U0«43^ 
100Ö3U/ 
101J30Z 
1UI30V2 

lul«44Z 
101I44Z 

11U13U 
llul3^i 
110443Z 

19.3N 
19.3N 

19.UN 
19.ON 

113.3E 
112.BE 
112.'6 
112.36 
112.2E 
1U.3E 
112.SE 
112.IE 
111.26 
ill.9t 

1U.B6 
112.ut 
111.66 

11).»t 
111.'t 

is \wm ir.K tii-.a 
111'29Z 
IcoOoüz 
U0O29Z 
U01UÖZ 
1*:ü<:40Z 
l*o**luz 

21-3N 
21.UN 

111.It 
lll.llt 
111.1t 
iu.o£ 
111.0t 

1£0433Z  2U 
!<Ul4UZ  21 

HUM a 
l£l'2UZ 

O-1H002 

21.9N 
33.0hl 

110.(6 
llu.'t 

llU.nE 
11n.TF 

TYPHOON ütOHGIA 
Fix POSITION^ FOB CrCLON6 NO. 

rlA  ACCBY 
CAl NAV-HET 

FIX 
Ul 

FLI L»L «1NO 
DIR VtL BRö HNG 1/6L d«ö KNO 

MIN 
SLP 

112.0/2.O /Ü1.0/24nRS) 

(J2.0/2.0 /Oo.5/24nRS) 
Cl1.5/1.b /O   /  "Rbi 

lTl.5/1.5 /Oo.b/24nRS) 

113.0/3.0 /01.0/<:4nRS) 

lo..350/3.0 /"i58'^SRU„ 
H2.0/2.0 /U0.S/23nRil 

LRUH 
LRUK 

LHUh 

t-ROri 

111.26  3AI 
11II It  ^Al 

3AI 
SCF 

- 4b/// 
3   7un  130 

- 33/// 
114,0/4.u /D1.0/2b^R3) 

II4.0/4.U /01.0/24n«3) 
Il4.ji/«.i, /D2.0/24"rt3l 

5   2    -   160  S3  30 
(T4.0/4.U /02.0/2*ftflbl 

0/4.u+/ 
33/// 

- 1061/ 

- Iu61' 
- 1061/ 

3A) 
3AI 

3AI 
LhUH 
3AI 
LKJH 

- 33/// 

- B//// 

(14.0/4.0 /S    /24PNS) 
(14.5/1.6 /0U.b/2jn«b) 
(T4.5/i.s_/Oo.5/24nRb) 
(14.5/4.3 /0u.5/24nRS, 
(T4.0/4.U Vi       /24"Rbl 

(T3.0/3.U /Uo.5/23"Rb) 

(I4.S/».S /0  /23"Rb) 

PCN 
PCN 

(NtSS) ICCNF 01) 

.„,„... lc0,"r OH 

UMSP 
2 (NtSS) 

/To FORM   ,T10N  DIA 

POS1I 

OF 
RA0*l< 

tSSA B IV1BUI 

(12.5/2.s /ül.0/24nRb)   pert 
(13.0/3.0 /O    /  HRS)    PCN 

.0/2.0 /01.0/24nRSI 

(I2.0/2.IJ /    /  "RSI 

- 25/1/ 
- 23/// 

1   1   7un  220  *s 340 

1   1   7uo  230  43 ISO 

PCN 3 OHSP 

)b   So 34u  *o 

10 

PCN 3 UHSP 
PCN I Snap 

PCN 4 OMSP 
PCN 3 UH3P 

PCN S 0M3P 

299  13 lu 

9B0   294  13 10  C1NC 

30  40  )5 

UMSP 

0M3P 

ll   978   291 

ICCNF 02) 

976   288  11  - 

15 

PCN b 0M3P 
PCN 1 ONSP 
PCN   2      UHSP 

nUAA <L   l«ESS 1 
NUAA *: 

PCN 1  ÜMiiH 
ICchF 01» 

PCN 1  ÜHäH 
PCN 1  UHdH 

pCN 2  ÜMSH 
HCN 1  UMSH 

»-CN 2  ÜM3F 

NUAA   2 (OCNF   02) 

EbSA  a   (VlbU) 

PCN 
PCN 

1 
1 LfHSH 

,5/-*«o /S  /^"HM PC« 1 i)HäP 

PCN 
PCN 

3 
3 UMÄP 

PCN 3 UH»P 

19.IN   117.IE 

22.3N  114.JE 
22.3N   I14.2E 

22.3N  114.2E 
22.3N  114.JE 

2.3N   114.2E 
2.3N  114.2E 

22.3N  111.2t 

22.3N   H4.2E 

22.3N   lll.it 

22.3N   11».et 

22.3N 114.2E 

:22.3N li».2t 

22.3N 11».et 

22.3N 114.iE 
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EK TINE 
voocobi 
Uo2J3»Z 

0901512 
09l43SZ 
ovi43bZ 

092£3»Z 
092i3i>Z 

""SIT 
23.0N Ibb.Jt 
26.ON 15b.uE 

li:S» iH:!.l 
25.HN 15b."t 
27.ON 153.2E 
2b.ON l3_i.lt 
27.JN Ib2.2t 
27.bN lb2.ot 
27.bN lb2,oE 

CAT 
sAI 

OAI 
bAI 

lol<:2?Z 
101420Z 

19:« ibk-E- SSt 
2ö.*N isu.^t  P, 
29»*« 1S0.3E  *Af 

ft  tÖtfSf S:K HS:ti 

20     IlUi^iZ 

11Ü?<^Z 

3t).UN 14V.bE 
3Ü.UN Ibu.uE 

3ü»=»N    14^,Jt 

3u«*N   J*ö.sE 
31.VN   14d,3E 

J1:W l«:Sl 
Jl.^N   14b.uE 
32»*N   1*5.ftt 

12 iHs«if 
?5 ll2<;JJi 
* 120*4*2 

is a\ 
121»33z 
121=332 

32.»N 144.oE 
32.HN 142.lt 
34.1« 144,oE 
34.2N 143.«E 

TROPICAL   SlOH«        HOPE 
He   POSITION*   Fnw  CYCLUNE  hU.     <* 

09   Mub   TO   \e   AUti 
MA*   Uf?S                     MAX  OBS OtfS        HlN 

ÄCCHY        Fl*        FLl   t *L   WIND             Sl"C   »1ND             HIN      700*0 
NAV-MET      LV|       DIR   Vfr.U   nH6   HNG     *EL  d«6   RNfi        SLP        HGT 

(HI 0/1*0   /           /      nnS| 

lh:!«:8 «t:8/!>JS8ll PO   3      U«bK 
ICCM-   031 

(r**.0/«i»0   /O        /^*"HbJ Hl>   3      UhM- 
PC*   H     OhSP 

£0        b         7uo      1O0      J3     Vtf 
PL*   o     Uns** 
lu      *=»  i*>u    2o vyb        30b 

113.0/3.0   /Ul.fl/ÄV'Hb) 
tlj.o/i.O   /Ol.O/<:JnKb) 

>*UAA   £    ihtbb) (CCNK   OJJ 
(COM-   U31 

l.3:S«:J «'-»'/^b! PC«   3      ÜflSP 
PCN   3      üWai* 

15       lO              -          300       4V     IÖU hü        -        ~        " 
PCN   3      UM^H 

1006        310 

5        5        ?. ill      150      3=     bo 25       2w   1»U     lb >      1001        30« 

(I3.0/J..I   /S        /2«2KS1 
IU.J/JMI   /«1.0/2»<>Hb] 

NUAA   i    Int-SM CCCM-    Uli 
ICCHF   Oil 

113.5/3.5   /b        /*»"Hbl 
U4.0/*.u-/Ul.ü/2<*nHbl 

van *>    UH^P 

5      lo           -        210     2D   120 3ü       2>   uo     4C I        »H        3ub 

\\i:lii:iil   *#Säi 
NUAft   £ 

PC«   3     UMbK 
ICCM   021 

lü}:8«:S^i    ?«=*KR5J to = Baa; 
b    iü       -     2oo   <;v J4U 30 

MC«   3     DHbK 
PC«   3     U«bH 

1006        313 

Fats* 

lcl=J32  34.IN 143.bE PCN 3  UHSP 

hi' 

OVOJJ« 
l)9o33iZ 
l)4043i;z 
o9o«£Z 

100034Z 
loojlSZ 

15 
lb 

10.bN 132.oE 
17.3N 132. li. 
17.»N 132.4E 
17.2N 132.3E 
17.a 
t7.2 

132.3E 
132.oE 

n 
28 

18.ON 131.rE 
17.»N 132.IE 
1S.3N 131.86 
ta.bN 1JI.6E 
24.0N   130.oE 
22.4N   131.HE 

a ism ii-.i» M:it 
luo^ioz 
101I23Z 
lOlbbbZ 
lolon« 

21.2N 131.o| 
21.'N 130.*E 
22.8N 131.2E 
I5.0N   l3KbE 

19 luluo'iZ  22.<« }3l.^E 
20 lOieÖÄZ  23.3N 132.uE 

lul«g<!z 
101S02Z 

wtm 

111UÜOZ 

§? mm 
111S4/Z 
Hlb4lZ 

'l2ÜJ;*Z 

mm 
121=J3Z 
1£1»40Z 
122114Z 
1«»«2 

mm 
Ham 

8:% \l\:2k 

§1:K 

TTPfl^O™        lKlb 
POSITIÜNJ?   lüh   CYCLONE   NO. 

fix        FLI   L«L   WIND ^C   »Ihu 
i Jl       UI«   VLt   uHl;   MNli     VEL  «ill   ANG 

i-»L 
li/tu 

FOSll 

23.IN   130.OE 
24.ON   131.3E 

B:X iii-M 

23.a"» Uu.lE 
23.IN l3y.*t 
?3.^N I3u.«t. 
22.«JN 131*« 
23.IN   ldi.uE 
22*aN   131.UE 

£  lS82«i  ii:äK lU:Si 
22.ON 130.VL 
22.»N 131.IE 

3AT 
bAl 

!i:8S ii\i-M 
131.IE 131.4E 

f2.*N 
2.8N 

22.ON 13l.»E 
23.IN 131.bE 
23.3N 131.JE 
23.ON 130.OE 

'M-M 

lJl.5/1.5 
III.5/1.5 
(II.5/1-5 
(T2.o/«:.0 
(J2.o/2>0 
IU. 8/2.5 

/D0.5/24HHSI 
/U / ftHbl 
/U0.5/2*nrib) 
/D   /2«nRbl 

NOAA 
PCN   3 llHbP 

ÜNOP 
unbP 
ÜM5H 
UMbH 

IS!   i{i:3«:IJs   /SSE!   PSJ^S'««. 

bA(   (T2.n/2.0-/üo.5/24nRb)   PCN 3  DHbH 
"P 3   t!   70o  210  5= 120 3oO 
f 5  10   7oo  240  bO IbO 1^ 

'PCN 3- 

1002 
949 

307 
306 

?        1   5   'oo  321)  2' 230 
«7   113.0/3.0 /Ul.S/<.j"tiS> 
fib   7on   9Q  *w  90 Ai  (r4;o/».o;/D2.8/2»nHS) 

si   iibrs^ib m&'iiw&\ 
Al    IT4,0/'«*Ü /U1.5/«nH*) 

PC« 
PC« 
PC« 

70O 
70O 

310 
2ÖU <:uu 

j  DhaP 
3  OMSP 
Ju ^3u 

A £. 
J3  1U 3  UMÄH 

f  HSS-P" 
1  UMbf 
30 200 

UMbK 
UHbP 

15   987   299 
10CKF 021 

11 

U 

984 
9U2 

295 
294 

lib:?«: 
1(4.5/». 
114.0/*" 

J2ü as m a  n a» a  m  iai i: u 

700 
7on 

210  bf 130 
240  bv 160 

0 /U1.0/23"HSI 
97« 

IC-CM- 02) 

2o7 
2Bb 

<rb,o/b.0./ü0.5/ 
2  15   700  'Z" 

lair« «f 

PC« 3 UHbP 
60 
PCN 3 UNbP 
PCN 3 0»»P 
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TYPHOON     IBIS 
Fix POSITIONS' FOP CYCLONE NO. 10 

10 «IJG 10 17 AUG 
»4* OHS        MAX OBS 

fl* MA  ACCRY   Fix   FLl L»L HIND     SFC »INO 
NO.   IIBt       P"SIT      CAT NAV-HET  LVl  OIR VEL HRG RNG  VEL BKG RNG 
51  1J131BZ  23.6« 132.JE  SAT pc« 3  UMSP 

ii      iJ1,,,:,?<  2».ON 132.lt   f  II  1«    .   330  6V 240  30 
53  1J210(Z  24.3« I32;JE   P  lo  10    -    60  6? J10  75 
b<,  1H0U2'Z  24.9« 1J2.uE  SAI   Its.0/3-0 /S   /2b"HS]    NUAA 2        (I 
55  140*202  2».9N 132.IE  SAI    {13.0/3.0 /S   /24?HS1   PCN 3  UMSP 

oes 
HIN 

HIN 
700MB 

rLT 
LVl EYE ORIEN- EYE 

FOSIT 
OF HI» 

SLP HGT Tl/TO FORM TiTION OIA RADAU N«»S 

i?: 2§7 
286 

1»  - 
14  - ; - ; z 11 

11 

|4o*<:yZ  2b.UN 132.3E 
I<40?2UZ  23.2« 132.OE 1 

25.9« 131.OE  SAT   IT».5/5.0 /»0.5/24n«si PC« 1  OK3P 
2S.I« 132.IE  SAI   US.0/5.0 /S   /2b«R3) PCN 3  UMSP 

<T5.0/6.0 /wl.0/£4nH5) PCN i  ÜH3P 
(14.0/5.0 /*1.0/2"»MR3) PCN 3  UMSP 
(Tb.0/3.0 /S   /2b"RS) PCN 3  UMSP 

2  10   700  2*0  0= 130 100 =u 130 12o   '72   266  IJ 13    -    . -    -                    J2 
64  lllojuZ  27.UN 130.b£   P   5  10   70n  140  on  60 «0 -   -   -    979   291  1» 14    -    _ -    -                    11 
6b  1*16432  26.»« 131.lt  SAI PCN 3  UMSP                                                               w 

66 14J643Z  27.u« 130.bE  OAT PCN j  UMSP 
67 I«Io«az  §6.8« I3u.9t  SAI PC« i     UMSP 
6b  1M"43Z  26.a« 1JÜ.9E  SAI pc« j  DM3P 
69 141&43Z  26.6N 13U.JL  SAT PCN 3  0N3P 
70 141O0UZ  27.9« 131.3t  LKUK     - b«9„4 28.4N 129.5t 
71 141500Z  20.2N 13u.BE  LKUK     - 3«9U 28.4N 129.SE 

H     IJgtXf  ??:5« UWl     L»UR 5 23 "iSJ  220  50 130 135 6. !3„ 135  9B0   29,  U ,2   -   - "   -   "'*"   "^   1« 
7»  13U12U2  2d.9« 129.BE  LKUK     - EYt, G0OU Ux 33.6N lJO.SE 
7b  1301202  20.3N 129.4t  SAI   (14.0/b.u /«1.0/25"RSI NUAA 2         (CONF 011 

ft   JI8S8SJ   tf:® H3:?i  tSBR      : 1l'6h OVEKL.I §?:JK t|?:|f 
7b  150J4(Z  28.2« 12b.bE  SAI   (I3.5/«.S /«0.5/24"R5) PCN 1  UM5P 
79  13034(2  28.2N 129.UL  SAT   (I4.Q/5.0 /■   /  fiRS) PCN J  UMSP 

129.oE  SAI    (T5.0/5.0 /O   /,24nRS> 
120.'t  SAI   (13.5/4.3 /«1.5/24MR3) 

lSos*'Z  28.3« 129.lt  SAT   (14.0/4.3 /«0.5/24MRS)   PCN 3  UMSP 
1SO*OOZ  28.4« 129.ut  LKUK     - 6b//? 28.4N 129.5E 

15   7o(l  230  30 160  90   45 1SU n„ 
33.6N 130.6E 

06 130'OUZ 29. 'N 129.3E tKUH     - . - 33.6N J30.5E 
87 15II60UZ 28.9« 128.UE LKUK     - ////? 28.AN 129.5E 

85 lijgggf 13:48 tii-ft TMio   .s""-'  220  3= 170  30    -    -   -     977    *,   1»  -     -     . -     -     J8'4N 1,iS-5e 

90 131VOUZ 29.2« 128.2£ LKUH     - ////? 28.4N 129.5C 
91 1312002 29.3N 128.OE LRUS     - . - 33.6N iJt.SE 

8     -""7 -    .-    -    SS:JS tfgril 
94 131J00Z 29.J« 127.9E t-KUK     - ////? 28.4N 129,SE 
9b 1=1*002 30.1« 127.«E LKUK     - -    _ -    —    33.6N 1'O.SE 
96 15l=UOZ 30.3N 127.JE LKUK     - . - 33.6N 130.5E 
97 1313522 2>,.»N 127.»E   P 1  3o   7oo  330  «» 2*0  »5   -   -   -    975   2bB  13  - 
98 1316J1Z 29.(N 127.OE 3AI PCN 3  UB5P 
99 IblBJIZ 29.3N 126.BE iA! PCN 3  DH5P 

100 132112Z 30.ON 126.bt   P 1  15   7Ü0  2bp'  6C 140  60   33 140  BS   97?   286  13 14    -    . - 
101 16UU101 30.IN 126.bt sAT   (14.0/4.0 /S   /23nR5)    NOAA c (CCNF 01) 

ISS JooJlby 30.»N 125.BE   P, 5 ,,5   7un  280  50 180  ?u   *u l»8 120   975   289  Is 14 - 103 loOsjiZ 3i:i« 125:BE aA(   (12.5/2.5/0   /  "RS)   PCN 3  UM3p 
104 160JJ2Z 31. IN 123.6t SA I   (13.0/4.u /<1.0/24nKS>   PCN 3  DMaP 
10b 1603J2Z 31.1N 123.«E SAI   (T3.5/J.3 /«0.5/24nRal   PCN 3  UHiP 

183 tlJitSi J3:f« iil-Al sg> 5   5   7"»  ^  6? 5u  $1» s DHSP *     "*   z87  l3 " C1KC ,So 

\\1   tSISiSi  j?:fi Ii2:il -   2u   iJfTlj   UVEriLAl*   FA1K   Fix 35.9N   12-6.6E 
112 101'4'Z      J4.'N   124.6E     LKUK -   2u   ••F.b   UVEHLA',   FAlK   FIX 35.9N   126.6E 
113 162240Z      35WN   124.3E     LHUrt -   2o   'JFG  OVEHLAY.   FAlK   FIX 35.9N   126.6E 

m mm jirsa iihhi tSiH "^KfrUH-M?"»*'    NU,A
 
t       ,00hF *» x.iN H..4e 

110 1/osouZ 33.9« 126.IE LKUK     - 215.J4                                                                           37.SN 12».gt 
117 i/osioz ib.J« 126.BE SAT (Tl.o/l*o /Ü   /2*nRS)   PC« 3  OH3P 
Üb 1'oslBZ 36.1« 12b.IE aAI (13.5/4.3 /»1.5/24"KS)   PCN 3  OM3P 

9 ](u»0o2 36.IN IZO.IE LKUK    - 2-S«4                                                              .37.SN 12».oE 
120  1/IO01Z  J9.9N 130.IE  SAT PCN 5  UMSP 

TROPICAL "EPOESSlON  II 
Fix P0SITI0N6 FOB CYCLONE NO. 11 

13 »IIG 10 14 AUG 

HAX OPS M^..    „..,   ,_,                          r«^.. 
FIX                           HX  ACCKY   FIX   FLl L»L HIND SFc «INO HIN 700HB  LVl EYE   OoIEN-  EYE     OF         MSN 
NO.   I1«E       POSIT      CAT NAV-ME1  LVl  UIR VEL BAG RNG VEL BKG RNG SLP HGT 11/10 FORK  TÄTION  OIA    RAD«"       H««P 

1 1021JBZ  28.ON 167.uE 
2 \\jil-i1l     20..o«   lb7.bt 
3 I1U12IZ      SNo«   IOblBt 

27.3«   leb.4E 
2?«b«   165.bE 

6 111403Z      2d.o«   162.It 
7 1II4U3Z      2d.O«   162.Jt 
8 H2CJ2Z      29.6«   161. uE 
9 UolO'Z      29.IN   16o.lt 

U until IS:« ilvM 
\2 
13 

lb iJvySäl 30.IN Ibd.iE 
lb IJU^Ui 3i>.3N lab.tE 
17      lJl^lOZ      JU-"»N   l&ä.Ot 

15  mm  I8:5K 1&-M 
20 1JC39Z JO.b« 13J.bE 
21 14Ui2oZ 31.2« 133.JE 
22 140C2UZ 
23 l»0i-20Z 
24 1-.13UJZ J2.4« 131.9E 
2b 142«0Z 32.2« Ibl.Ot 
26      162JHZ      J3.U«   lb3.3t 

FIX 
HAX OPS      MAX oes 

ACCKY   FIX   FLl L"L HIND     SFc «INO 
OBS   HIN 
HIN  700KB 

FLT 
LVl EYE OoIEN- EYE 

FOSIT 
OF 

CAT NAV-ME1  LV 1  UIR VEL BAG RNG  VEL BKG RNG   SLP   HGT Tl/IO FORH TÄTION OIA RADAR 
SAI 111.5/1.3 /0O.5/24nqsi «UAA 2 INESS1 
SAI 
SAI (11.5/1.3 

112:5/2.3 
/U0.5/2«nRS) 
/           /  "RSI 

NUAA 2 
PCN 6  UMSP (CONF 01] 

SAI 
SAI 

III.5/1.b 
Ul.5/1.3 

/    /  "Rb> 
/    /  "P.SJ 

PC« 6  UMSP 
PCN 6  ÜMSP 

SAI 
SAI 

PC« 6  UhSP 
PC« 6  UMSP 

SAI 
SAI 

112.0/2.0 
112.0/2.0 

/Oo.5/24"RS) 
/D0.5/24riRi) 

NUAA 2 (NESS) 
PC« 3  UMSP 

(CONF 01) 

SAI 
SAI \\i:¥A3 /Uu.5/24

nKb) /S  /2»np.S) PC« 4  UMSP 
PCN 4  UMSP 

SAI 
SAI 1T2.0/2.V /U1.0/2»"RS) 

PCN J  UMSP 
NUAA c (CCNF 02) 

SAI 
SAI IH:8«:S «!:5^:'nßl! PBS  UN-SP" 
P 

SAT 
5   S    - 70 J»t  360 10 

PC« 3  UMSP 
1007   311 - 11 - - - - 

SAI 
•P 5   8- 190  26 12u 

PCN 3, UHaP  , 
40   23 2(0  10  1005   312 \c      - . . . 

SAI 
SAI 

(12.0/2-u 
(12.0/2.u 

/S   /2SnR3l 
/«   /2«^,RS] 

NUAA 2 
PC« 3  UMSP 

(CCNF 01) 

SAI 
SAI 

(I2.Q/2.U 
(11.5/2.3 

/S   /  "RSI 
/«1.5/24«R51 

PC« 3  UMSP 
PC« J  UMSP 

SAI 
SAI (Tl.O/2.0 /«1.0/23"HSI 

PCN 3  UMSP 
NUAA 2 (CCNF 01) 

SAI (11.5/1.3 /D0.5/2*nHsl NUAA 2 (OCNF 01) 

59 



TH0P1C*L   SI OS« 

FIX 
NO. 

9 
10 

Tint 
liumz 

Wiooiz 
180U1O7 
tauol'2 
1003032 
lbu303z 

iaiS4/z 

lt>222»z 
lullU 

I« 

II 
£§ 

8 
25 

POSIT 
20.IN 133.lt 
20. UN 134.3E 

19.9N 134.2E 
20.iN 13d.9E 

HI  ACCfiY 

CAT NAV-MET 
3AT 

19.JN 13u.»E 
19.JN 131.oE 

lB.bN 13o.ot 
IM.bN 129.9E 

1U.4N 127.7E 
22.UN 124.2E 

1?  1?8S551 il:?S 111 
ism« 

2uo;ioz 
200«3UZ 

i!M8i 

OIR   VFt   p*PC 

3A( (U.S/l.b   /Uu»S/^*nHb) 
->Af        (11,5,).5   /U       /*!i'HtS) 

ii:3K ill-rt 
IS:?K lit:« 
il:3S Jfirsl 
2l*^N 120. *>£ 
2y.SN   llö.öE 

if:«8 Kä:3i 
21.»N 112.«E 
21.bN   U1.9E 

111.5/1.b 

lII.5/1.b  /S 
I II.5/1.b   /S 

BhG     VEL   bKC*   RNG 
NUAA   £ li 

PCN b UHbP 
HCN b OMbp 
PCN   b      UMbH 

NUAA   £     INtSbl     1< 

OBS 
r IN 
SLP 

HIN 
700MB 

HGT 

112.0/c 
1T2.S/2. 

3     lu        7u 
112.0/2.0 

I12.0/<.ij   / 112.8/2.1,   / 

/U0.5/24"Hb) 
/ül.O/^^Nb) 

,     270      I»   2D0 
/U0.5/24«Hbl 

J      lb           -        120     3*     So 157        - 
111.5/2-0   /*0.b/2jnftbl NUAA   2 

111.5/2.0   /«0.5/2*"Mbl NUAA   2 
111.5/1.5   I           '     n»Sl PCN   b     u 
<T2.0/<:.0   /           /     "Bbl PCN  b     u 
(l2.0/2.0-/<O.S/J5nRbl PCN  b     u 

35      10U1        308 
ICCNF   01) 

1CCNF   Oil 

LYE 
FORK 

OolEN- 
T.T10N 

ETE 
01« 

F0S1I 
OF 

PAflAF 
H=* 
NMeF 

22.3N   U«.2t 
22.3N   IK.it 
22.3N   IK.it 

NO. lint POSIT 

2O30Z 
19.ON 
19. 4N 

19.bN 
19.2N 

19.< 
t9.< 

8»S»Z      IS.9N 
2A0»S9Z 
2»0*b'Z 
24124/Z 
l»Uo»z 

10.bN 
1B.4N 

250300/ 
2bi>«4b2 

20 
21 
22 2b0»*5Z 
23 25124/Z 

24 2bl«'z 

ili.ii 

iii:"A 
US:fi 

HS:SE 
111.9E 
112.oE 

M:3S 
1Ö.9N 
19.UN 

IB  25000b/  20.ON 
I? 2bo<:2°2  20.IN 

21.0N 
20.2N 

109.9E 
109.At 

109.OE 
10b.ut 

109.U§ 
109.IE 

109.üE 
107.«E 

IKOPICJL STORK   KAIt 
I-IX POSITIONS f-Oh CYCLUNt NU. 

<* CO6 .Ju ?* "UG- 

13 

H«AvutfS        MAA Odb 

MA  ACCKY   Fix   FLI L»L wINO     SFC «lhU 
CAl NAV-HET  LVL  PIP- V[C bNI> HNS  »EL bHli KNb 

1  221400Z  19.9N lib.4L  LHUrt 

bAl 
SA1 

20.bN 107.bE  ?A1 

- 20701 

- 207// 

Wl-.r/M  ^*"/I3«H5i 
- bb/// 

H3:8«:s ^'-^«gb! 

lT3.5/3.b /02.0/  "Rb) 

(12.0/3.0 /Kl.0/27nRb) 
<T4.0/4.0 /U2-0/i«rRb) 
(T3.o/3.5-/HO.S/2*n«bl 

DltN- 
iTlON 

tit 

"ESb 

PCN 1   UM3P 

OF 
*A0At- 

22.3N ln.it 

H:tt 
ICONF Oil 

IC-CNF Oil 

FIX 
HO. lift 

30U13(Z 
3l»«'Z 

0201032 

020*30/ 

19.3N 114.IE 
20.bN 111.0E 

20.bN Hl.bE 
19.'N 106.bE 

19.ON 105.'E 

TH0»1CAL UEPRtbblUN  14 

Fix POslTlONb F0- CYCCUNE NO. 14 
01 =EP "u 02 StP 

1IX  ACCRY 

CAT NAV-HET 

»«1 

Hi 
LV| DIR vi-t bHG HNb 

bPS'.VBS 
VtL BHti KNb 

<? 

OdS 
HIN 

SLP HGT  li/TU 

tYt 
FUKH 

oltN- 
„T1UN 

tYE 

UIA 

POSH 

■hAO**' 

HSiv 
Nt«ph 

SAT   Ul.2/1« 

5/1.S /Ü0.5/*;*"Bb) 
5/l*S /S   /2*«Hb) 

NUAA £ (CcrtF On 
NUAA «; (NtSb) »CChF 02) 

(CChF 02) HUAA 
PCN b UMbH 

OHdH 

60 



TYPHOON LOUISE 
fl» POSITION» FOS CYCLONE NO.  IS 

03  SEP  TO  07  SEP 
«A* ops MAX OBS OBS     HIN 

EJ; II ML «*n SIT 
MX 
CAT 

ACCKY   FTX   FIT L»L wINR SFC WIND     HIN  70ÜHB ,LVl 
VEU HMG fiNG   SLP   HOT  TI/TO 

l 
2 

010106^ 
U1UU02 

. ÖN 
• yN 

12b.oE 
124.UE 

3»1 
141 

«U.S/1.3 /ül.ö/d»nfib| NOAA 2 
NUAA 2 (NESb) \m %\\ 

3 012->212 
012->2i,! 

1/ 
1/ 

• 3N 
. <*N 

122.(E 
122.9E 

3A( 
SAl 

(11.0/1.v /    /  "Hsi 
lli.0/l»U /    ^  nHÜ» 

PCN 
PCN 

i>  ÜÜSP 
b  UMSP 

1 1? • UN iii-M 1AT 
aA) l\i:fä:s «8:i^tBSil aass i iNtss. I8SUF 811 

7 
6 

ÖClr-*3UZ 
021*-0 JZ 

1' .HN 
• yN 

123.ut 
122.9E 

3AI 
3A( 

n2.0'2>o + /0l.0''24r'Rbl PC" 
PC« 

j  UM3P 
3  UHSP 

9 
10 

U21*0JZ 1? »UN I22:ft 
SAf 
3AI 

PC« 
PCM 

3  UMSH 
3  UMSP 

11 u OJOO4:>Z 
. fN 121.-JE 

12J.JE 
= A( 

ITl.o/l.u /S   /24r>Kbl 
PC« 
PCN 

S  UMSP 
3  ÜMbP 

\l UJUU4=/ 
ojoubs/ 15 MN 121.UL 

12a.9L 
aA[ 
P 

*12,0/2jiv*/01,0/'24"Rb) 
1   3   7|j„   30  »3 291; 

PgN 3  UHSP 
73 «>¥y  15 998   309  16  9 

15 
10 

OJOUbvz 
U301J0Z 

19 
19 

12U.8E 
12u.bt 

SAI 
MI 

(T3.B/3.b /U1.5/2b"kb) 
< 12.0/2.0./S  /24«RS>) 

NUAA £ 
NUAA i IwESS) 

(CCNF 01) 
(OONF 011 

17 
16 

UJOJboz 
0J04)bz 

19 
19 UM 

l2u.bE 
121.6t 

P 
3AI 

2 , 2   71.1)  100, *» 360 
(li.O/l.u /S   /24''R5) 

1& 
PCN 

7U  ip  15 
3  ÜMSP 

990  310  1° 10 

it OJO'lb,! \t 2N JN 
I2l'.9t 
12U.6E 

■3AI 
5AI 

<I2.S/2.b /U1.0/24nRS) 
113.0/3.w /0I.O/24fiKb) 

HCN 
PCN 

3  ÜMSP 
b UMbP 

a oJo°lbZ 
Ö3U043Z 18 UN UN lis:ft LHÜ« 

LHÜH 
- PoiSlBLt' EYt 
- pubotBLE Elt.tLLIPTICAL AAls 48X22 

'8 oil&i- 13 ON linn t-Hun 
3AI - 

PC« 3  UMSP 

it Sil«SJ 1? UN UN itt-A *p b  10   '00 IM     ♦«  bO ?SN b  ÜHSP 
996   306  14  - 

U K&82 13 bN <;N 113:31 p 1   5   Ton   50  3V 320 ?SN 3  DMbP 
23 i£\i       10 999  306  13 12 

29 
JO 

y<tUJ2°Z 
ytyw2W 

i« 
19 UN 

U9.lt 
12U.2E 

SAT 
iAf 

1I3.Q/3.U /Ü1.0/24"Rbl 
H2.5/2.b./Ul.S/24nRbl 

PCN 
PCN 

i  UMSP 
J  UMSP 

a y<tyuJfZ IS tu 
Ott U?:ii OAl 

5AI 
II2.5/2-6 /Oo.5/24f>RS) 
(13.5/3.b /S  /2*"RSI 

NUAA c    (htSäl 
NUAA <; :g8SF 81! 

33 
34 0<»U*IUZ 

19 
19 

IN 
<!N 

Wd.*L 
lld.ME 

P 
aAl 

2   3   700  2^0  ♦" 210 
U3.0/J.O /S   /24HRS) ?8N 33üoSbü  30 997   3o7  lb 10 

3b 
36 

UlU^yiZ 
yiy+yiz 13 JN IN 

litt.Mt 
IlÖ.Mt 

BAT 
SAI 

113.5/3.5 /D1.0/24nRS| 
113.5/3.5 /U   /  "RSI 

PCh 
PCN" 

3  OMbP 
3  OMbP 

11 y*ty*.i3Z \1 VK llc^l SAl 
- P 

,C13,5/3«b /U,t /  "RS1 
2   *   'uo  2b0  40 1B0 ISN 3. UBSP  , 

bO 330  lb 993  303  16 u 

39 
4U 

Ü<*1-*U«>/ 19 
19 

3N 
*N 

118.IE 
117.8E 

iAI 
AC K . PCN b  ÜMbP 

41 
42 

19 
19. 

dN 
3N 

117.«E 
117.»E 

P 
SAI 

5  3   7oo  2*0 »? 150 25 
PCN =  UMbP 

9B9  300  1=  - 

43 
44 

19. 
19. 

ON 
<;N 

117.nE 
117.»t 

SAI 
SAI 

PCN 
PCN 

b  ONbP 
b  OHbP 

4b 
46 u*2iu^z 

19. 
20. 

/N 
2N 

Uo.nt 
116.6E 

LHÜH 
P 

- 10/// 
5   3   70o  230  3S 170 10 bb  - 986  298  14 10 

47 
«8 

19. 
19. 

/N 
/N 

116.6E 
110.4E 

UKUK 
LKUK 

; 
49 
bo usooyo^ 

19. 
20. 

«N 
yN »S:Si LHUK 

SAl 
- 2061) 

(14.S/4.b /01.0/241H;,) PCN 3  OMbP 

bl ysyvut»^ 19 *N Hb.fE SAI (14.5/«.b /ÜU0/2OnRb) PCN 3  OMbK 

52 
b3 

OblUUuz 
ysyl^lZ 

19 
19 

■*N llb.9E 
Hb.6t 

LKUH 
SAI (14^0/4.0 /00.5/2b"RS> NOAA A (CCNF 02) 

ss yboi<i3Z 
ybO^UUZ 

20 
19 

UN 
9N 

lib.6E 
Ilb./E 

3A1 
LKÜH 

(13.5/3.b /U1.0/2»nRS) NUAA d    (NtSS) (CONF 02) 

b6 
b/ 

U3U£UZ 
<F» 19 

UN Hb.4t 
llb.bt 

SAI 
LHÜH 

(14.5/».b /U  / "RS> 
- luOo 

EsSA Ö <V1BU) 

bd 
59 

ObüJlOZ 
Ü3y3*»öz 

19 
19 ÖN 

Hb.2E 
lib.2t 

SAI 
SAT 

(14.5/».6 /01.0/  WS) 
(14.0/4.0 /ül.0/2«nRS) 

PCN 
PCN 

1  UMSP 
1  UMbP 

81 obu+uuz 1? >*N SN Hl:il SA. 
LKUH 

(14.5/«.b /01.0/20"RS) 
- lo71/ 

PCN 1  UN3r 

62 
63 

yay'yvZ 19 
19 

114.»E 
11«.fE 

t-Hüri 
UrtÜH - 1081/ 

tt uawuwZ 13 •*N m-M LHÜH 
P 2   3 'U?iil  200  60 110 20 bu 36o  lo 97»  287  16 |o 

8? ObiuUJZ 
ÜSllUUZ 15 Hi:?! LKUri 

LKUH ; 
bb 
b9 

yslcuuz 19 
19 

ÖN 
ÖN 

114.IE 
114.Ut 

LKUH 
SAT - PCN 1  UMbP 

7u 
71 usl&uwz 

19 
19 

t)N 1I4.2E 
113. tt. 

SA) 
LHÜtl _ PCN 3  OMbP 

?S ybiOJU/ 19 
19 

ÖN 
HN 

113.bE 
U3.bE 

SA) 
SAI PCN 

6  UMbP 
3  UMbP 

7» 
7b 

03]OjUZ 
031Ö0UZ 

19 
19 

3N 
^N 

112.9E 
113.3E 

Sri! 
LHUH . PCN b  UMbP 

7b 
77 

Üt>*itüuz 
u3*:£ouz 

2U 
20 

UN 
IN 

112.9t 
112.'b 

LRUK 
LHUK 

- 2//// 
- 2//// 

78 
79 

ObjiJUUZ 
y32->->uz 

2u 
19 

*N 
■*N 

112.bt 
112.2t 

LHUH 
SAI (14.5/».b /U1.0/2""RS> PCN 3  UMbP 

8V y3£Ji>gZ 
ÖS«;J&uZ 2o" 

ÖN 
UN m-.ii SAI (l3.5/4.b /K1.0/24nRbl 

(14.0/4.0 /    /  nMb> 
PCN 
PCN 

3  UMSP 
3  UMÄp 

82 
83 

ybyuuu^ 
DoulQuZ 2ö 

tu 
IN 

112.3E 
112.IE 

LHUK 
LHUK 

- 1091/ 

84 
üb 

Üüyld^Z 
Oöü^OWZ 

£y 
20 

IN 112.uE 
112.ut 

SAI 
LHUH 

(W.o/f.u /01.0/24HHbl PCN 3  UMbP 

86 
87 

ybyfi^WZ 
ybyi^uz 

<ii) 

l* 
UN 
3N 

111.6t 
111.2E 

SAI 
SAI 

(I4.o/4.o-/uo.5/24^hbl 
(l4.5/«.b-/U0.5/2bfiRS> 

NUAA d    (rttSSI 
NUAA <: 

ICCNF 01) 
(CONF 02) 

gS ybyC&üZ 
ubuayJZ i$ ÄÄ 1H:?E LHUK 

SAI (l4to/4.b /l»0.5/2b'1RSl tsSA b ivlau) 

9o 
91 

yousuz 
yoi^j£Z 

2u 
2y 

2"» 112.ut 
UU.4t 

SAI 
SAI 

(14.5/».3 /Do.5/24nRS) PCN 
PCN 

3  UMbP 
b  UM6P 

?2 
93 

yOl*l-3Z 
yol*:>f2 

UN 
01 

109.»E 
109.4t 

SAI 
SAI 

PC« 
PCN 

1 OMbP 
b UMbP 

94 
9b u?uH*/ 

ON 
IN 

loa.oE 
luY.8t 

SAI 
Sftl 

ir3.5/4.3 /«1.0/24"HSI 
(13.5/4.0 /•0.5/2»nRS( NUAA *: tNtSb) 

(CCNF 01) 
(CCNF 01) 

96 y/Ü*3*Z do 8N 107.2E SAI (la.0/3-o-/U0.5/24nRb) PCN b  UMbP 

fÜRK 

POSH 
fliJEN-      EYE r0F   c 
T;TI0N     DIA f»0*f 

16.IN 120.SE 
18.IN 120.5E 

22.3N  114.2E 

W'M Will 
22.3N  11«^JE 

22.3H  114.2E 

22.3N 114.2E 

22.3N  1H.2E 

22.3N  U4.-2E 

11:1» mit 
22.3N   11«.2E 

22.3N U4.2E 
22.3N 114.2E 
22.3N  114.2E 

22.3N   11«V2E 

22.3N  U4.2E 

g:38 il«:ii 
22.3N  114.2E 

22.3N 114.2E 
22.3N 11«.2E 
22.3N  1I4.2E 

22.3N  11*.2E 

61 



TYPHOON  hAnbt 

POblTlO«* H,r- CwCLüwt 
iC   5£P IU J<. ir_P 

HA*   Ut-i MAX   Ubb übS        «IN        rLT FOSH 
FIX rll AtCrtY       Mx       FLI   L*L   wlNU            6fC  «1MJ Mlh      70UMÖ      u»L tTL PICN-      tt£ OF                        MSf> 

MO. imt fosn (.Al ivAV-MtT      LVL      UiR   Wtl-   bht Hi»      KLL   b«ü   KNü SLP       «GT      U/TU H.MK ÄT1U«      U1A ftADflh                   Nwpi 

1 üU2i5az 13-ÖN 134.5t SA[ (11.0/l.u   /           /      HRSl iJCN    ü UMSP 

2 062*552 1*.UN 134.0t 6A1 1 U.Q/l.iJ   /           /      nHb) vO*   o UW^P 

3 U9U24ÖZ U.rtN 134.2t JAl 1 11. 0/1.1'   /S        /   4MH5) PCiK   3 UMbP 

4 092*3'Z lb.J« 13u.8t iAI (11.0/l.u   /           '      ?«51 t-"CN  S UMSP 
5 nuooiz lÖ.VN 125.ut 5AI 111.5/1.5   /00.5/24f'Hal PC«   S UHSP 

6 UOUOIZ ib. IN 125.6t 6AI (U.O/H    /           /      nH5> HCP*   =■ UH3P 
7 llOlO'Z IÖ.3N 124.5t 5AI (11.5/1-5   /Uo.5/24nh5J NUAA £ <CC«H  01) 

8 11U»0UZ lb-/N 123.6t 6AI 111.0/1.0   /           /      "HSI HC»  S urtbP 

9 Uu'OUZ 17.0N 124.3t «1 (11.5/1.5   /üu.5/£'.r,H5l PCh   Ü ÜMbP 
10 »1«« Ib.VN 122.3t ?AI PC«   O Uh^P 

11 lll«:4<:z 16.VN 122.5t 5AI PC«   O UMäP 

12 lll'«d 1 /.*N 122.5t ÖAI HC«  O UMbP 

\l ülö« lfj.ÖN 
17. UN 111:51 »»I ?AI 

PC«   b UMäP 
unbP 

16 112J41Z W.lfN 119.5t 5AI (I2.0/2.U + /L)U.5/24"H51 *>CN   J U«äP 
16 1123*22 L6.SN 119.6t 5AI (12.S/2.5   /Ül.5/24"fi5) PC«  s ürtbP 

12 112J4«;Z Ib.1*« 
16.ÖN 

119.5t 
llV.ut 

5AI (I2.fl/£.y   /D0.5/(;4«M51 
III.S/1.5»/S       /2»f«5l 

PCh    J UWbP 
I2OOO0Z S»l NOAA £ (CCNF   02) 

» ami H:S »8:21 5AI 
P 

112,0/2.0   /O        /      "«51 
5        5           -         120      31      40 

tibA «   tvlbu) 
1U        3^   i-^Ü      lö 1003       J09       -     - - .   - l_ 

li liiiÄSi 17.'« 
1 7.ÖN 

lld.9f 
116.Ht 

3A1 
3AI 

(12.0/2.0./DO.5/      "Kil 
U2.S/£.5   /U1.5/24nK5) hC«   J 

ÜMSP 
DhbP 

11 120J4O7 
Uo«40Z 

1 7 • ÖN 
17.ÖN 

118.6t 
119.Ut 

SA1 
LRUH 

(T2.5/£.5   /Ul.p/24"H5) 
-   P&55I81.E   CtNl'R.   90 

PCN   j      l>MiP 
PCL   tLLl^dCAL >   AALS   ic5*BS 

as 121U30Z lö.JN ll(.4t P 10        8         fu0        SO      4=     3U 1b - 99ä       Job     1*   lu - -   - 2. 
26 1<:|£24Z lö.lN 117.UE 3AI PCW   H UMäP 

27 121£24Z Ib.JN 116.9t =AI PC«  * UH5P 

28 UKZW lti.^N 1W.OE OAI PC«  o UHbH 

29 1215002 1B.2N 117.0t V 5        3        7i,o      130      65     20 25 - V90        299      1J   11 C1KC IS 2 
3d 121029Z lti.JN 116.2t 3AI PC«    3 UHbP 

31 121629Z ld.JN 116.4t »Al PCN   t> UMÄH 

32 121629Z ld.6N 116.4t 6A1 PC«  o JMSP 

33 122ÜOZ id.-»« 115.oE P 10        5        7t, (i      150      60     90 ?b - 9ö7       297     1J     - C1KC 'c2 3 
34 1223302 1*3.3« 114.»t LHUK -   2u5//   EYL   UPtl*   10   SUnlM 22.3N   li^.tft 

51 LJUUUUZ 
[3nuJj 

Iti.bN 
I«. '« Hi:»E LrtüH 

SAI (1475/4.5   /U3.0/23(,fl5) NUAn <: 1CCMF   0i> 
* -   " 22.3«   li?.2L 

37 1301062 ldW« 114.6t 3Al (14.5/^.5   /Ü1.5/24"R5) NUMM <:   i«b.SS) ICCNF   ül) 
36 U01U6Z Id« ft* 114.IZ SAI (12.5/2.5   /Ü1.0/241HS1 PCN   1 UMSP 

39 
40 USUS* lötöN Wl-.li 3AI 

LHUH 
( I4.0/4.||./U2.0/2S"H5I 

-   2»5l/ 
PCN    i UMSP 

22.3N   li«.2L 

41 lJOJUUZ lÖ-ftN 114.l£. LHüri -   2j5i/ 22*3«   U«.ct 
42 13v3,:iz lB.'N 114.3t »1 (iJ.O/J-ii   /D1.0/25"R5I tibM o   tvTüul 

43 13u5l32 
UuSUZ 

ld.8« 113.6t 3AI (T4.S/H.5   /U2.0/24nH5) MC«    i UKiP 
44 JH*4N 113.tt SAI (14.0/<*..J./U2.0/      "Hbl PC«   l UHbP 

45 i3o°ooz ld./N 113.5t LKUh - - -  - 22*3«   lit.fC. 
46 130*0U2 IB.VN 113.1t K 5        3        7„0      170      6«     90 10     iuu     VÜ     Zu vo4        2Ö1      2      12 Clric 13 ^ 
47 1JO»OOZ Id.VN 112.9t LKUH - - _   - 22.3h   liH.ft 

48 13l2ouZ Id.VN 112.3t t-Kurt . - _   - 22.3«   lit.fL 
49 131J4/Z Id.ÖN 111.6t 6AI PC« f: ÜMbP 

50 1J1J4/Z 19.2« 112.4t 6AI PC« <; UHSP 

51 UlSliiz Id.VN 111.It LKUH - - -  - 22.3h   liH.ct 

II 1J1756Z 
13I756Z 

lä.VN 
19.2N ht:& oAl 

5A1 PC«   £ 
ÜMbP 
UMbP 

54 14ÜU4/Z lö.V") 109.Jt 5AI (14.0/4.5    /W          /ii»'1kbl PC"   J ÜflbP 
55 14015<>Z IV.IN iuy.it 5AI (13.5/*.5    /W1.0/^5C>K5) wUAA £. CCCNF    DU 

ii l«tS?i i?:« IM:ü »Al 
3A1 Wi-.VA'.I  «o.S^Sn^l Pt«   j 

PC«   J 
U«üP 
UMbP 

5b i*tl^z 19.IN 10 7.bE 3AI PC«   b l>fOP 
59 1<»P4£Z 19.2N lUb.9t 5AI KN   b ÜM3P 

1S>U**»Z  19*1« iu2.tE.  »Al    (Ib.o/b- PC« b  UMbp 
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TWHVON     NOD* 
FIX   POSITION» FOR   CYCLONE  NO.   17 

u* Tint 

292329Z 
292331/ 
3o23olz 

012<:4JZ 
0U->Z*Z 

amu 
02040VZ 
020*0vz 

0iU2bZ 
02U33Z 
021=01Z o2I°2ez 

030U1« 
03o34»z 
o3o->4»Z 
03103OZ 

8314S§z 
mnn 
S^Jlz 
U3£32uz. 
03234B2 
032J4b2 

0<Kj-*3lZ 
Utu33lZ 

DMU2UZ 

imuuz 
04I90O2 

B1818 

ft 

*4 
45 

» 
4B 
«9 

SO 

51 
52 

53 05231« 
54 06002OZ 

55 06010'Z 
56 U6O10OZ 

57 060301Z 
58 060301Z 

59 06 
60 U6 

05001B2 
05001'Z 

8lSi*5z 
Obo»2»Z 
0S1211Z 
051S20Z 
051359Z 
052JUZ 

n 
79 
80 

§2 

I? 
85 
86 

87 

Totti 

UÖI^OUZ 

Qbl'UUZ 
OöiOOWZ 

S8^8Sz 

8/'8SiSä 

liSHif 
IfSJSSi 
ufooouz 
U70OUWZ 

0 711UU 
UftlSll 

071J1 

6uz 

0?I«OU/ 
07|»JU/ 
0I1»3UZ 
11(1=10/ 

9» UM'1<2 
95 ufloOUZ 
96 0f20OO2 

97 0/210UZ 
96 0/2£0UZ 

99 u let-CZi 
00 0Ö0Ü17Z 

PnsiT 
ON 137. If. 
ON 137.o£ 
ON   136.JE 

l&Jf 
UN 136.6E. 
3N   136.bE 

JS:4I 
.bN I34.9E 
.bN  135.OE 

0«   133 

IS: 

GIKMSKT  EM1  o!kTvtiL«l!iNR1 
aAT 
SAT 
3AI 

Ul.S/l.S /D0.5/i3"«S) 
tTl.S/l.S /D0.5/24"RS) 
(Tl.O/l.u /O /24HRS) 

111.0/1.0 /D  /  «RSl 

(T2.5/2.S /D1.S/2»HRS> 
Cll.5/1.6 /Do.S/24«RS) 

»2 «CT TO 10 OCT 
NA« OBS        HAX OSS     CBS   HIN 

NOAA 2        «CONF Oil 
NOAA 2 (MESS) 

PC« 5  OHSP 

tSii Bust 

il 18 SSI48  18 
(CONF   021 

*8     10Ö1 

FLT 

TT*TO     FijRN 

IS it 
(Tl.S/1.5 /00.5/ 
IT2.5/2.5  /D1.5/ 

"RS) 
ARS) 

33. 7E 
33.9E 

3N   133.»| 
2N   133^ 

il'M 

7uo     130 

Too        10 

,700, 

♦a   90 

»3 350 

OHSP 
WOP 
DHSP 

OHSP 

IT3To/3;S"/o}!|/2inRS?° 

Sf l«I    IRS**:* *B»:0**S8I 
.♦« 133.6E 
i9N 133.8E 
6N 133.SE 
IN 133.2t 

w 13§:«1 
I« 131.SE 
9N   131.2E 
2N   131.7E 

131.9t 
ON 131.2E 
3N   132.OE 
— 132.OE 
ON   131.8E 
JN 131.BE 
9N   l32.lt 

■*1 ttl-M 

♦N iJo.ve 
r*N   13D.HE 

« i&if 
ON li9.9E 
2N   129.aE 
4« 129.2E 
ON 12B.BE 
/N 127.»E 
7N   127.«E 
ON I2a.it 
9N   127.J{ 
»N   127.»£ 

IK iiS:Si 
SB 1IWI 
9N 125.»E 
«N 125.at 

•9N 125.2E 
I2b.»t 

.BN 125. IE 
9N 12b.2E 

ON 125.o£ 
IN 12».BE 

4Z llt-.ii 
IN 12».St 
ON 12».oE 

ON I2».6£ 

/N 12«.2E 
BN !2«.UE 

ON 123.7E 
9N 12».OE 

■IS 113:51 

.a 113:11 
123.OE 
123.OE 

— 122.7fc 
UN 122.BE 

»N 122.9E 
'N 122.BE 

ON 122.BE 
ON 122.BE 

.ON 122.sfc 
■-' 122.2E 

2N 122.2E 
JN 122.lt 

BN 122.o£ 
'N 121.vE 

(T3.0/3.0 /0l.5/2«"RS) 
(l3.0/3.o./D1.5/2*"RS) 

IT3.5/3-5 /Dl.g/  »RS) 
0  10   7oo  180  50 160 

PC« b 
PCN 3 

PCN 5 
20 

p^i m 
NOAA 2 

PCN 1  DH4P 

PCN 1     OH»P 
10 

989 

-Mi. mtssr,iooN?*oii 

IOONF Oil 

299 

302 

7oo  160  *=  70  25 

P 5   5   7oo  330  7« 250 
?Af IT4.S/4.5 /01.5/23"RS) 

»AT (T4.0/».0 /pi.p/2«5RS> 
5A1 (T3.0/3.0./01.S/24XRS) 

»At (T4.5/4.5 /O1.0/24CRS) 
"p .    ... 

JAI (T4.5/4.5 /01.5/24f>RS) 
5AT (T4.5/4.5 /01.0/2»ftRS) 

P 5   3   7U0  240  S» 160 

PER 5 8» 
20   80 360 
NOAA 2 

NOAA 2 INES 
PCN 3  DH»P 

PCN 3  OHSP 
90  - »78   290 

PCN 1 
PCN 1 

»AT 
»A' 
SAT 

700  210  6? 180 

. <T4.5/4.5 /S _ /2*!?R5) 
5  lo   700   »0  »• 360 

HS.5/5.b /01.0/242RS) 
(15.5/5.5  /U1«S/24',RS) 

Too" "   90   fl™360 

7o 

OHbP 
OHSP 

OHSP 
OHSP 

969       284 

CT4.S/4.5   /S 

g8»5 BSP 
IS" '70UH»t 

§SN loo"S»o 

IOONF  01) 
IOCNF OI> 

U7.0/7.O   /O 

180     8»     80 

6g   110     30 

/24«RS) 
02.0/     "RS> 

110   150     20 
0/25SHS) 

K 

IU:!«:s «j.o/^l! 
1   73D  350  90 27 

- APPARENT EYE. SOLID 

1 
15  - 
PCN 1 
PCN 2 

PCN 1 
40  140 

NOAA 2 
NOAA 2 

OHSP 

OHSP 
DHSP 

OHSP 
I     20 

940 

910 

259 

230 

INfcSSI 

SEK t BRIS 
8b 300   160 

30       -      "       - 
PCN   1     OHSP 

IOONF   Oil 
IOONF   Oil 

»Al 

LKOri 
4.KUR 

5       2       7U 

-  «tLL  OEFINto  tyt,  O20 

:i?i: ?JSeci,os 

IT7.0/7.0 
ITo.5/7.0 

ClRCULAm   015 

-„■IS) 
:4«RS) 

/Oo.5/23"RS) 
/B1.0/Z4°— 

NOAA   2 
NUAA  2   (NESS) 

ICONF   03) 
(CONF   02) 

:Bf: 

,-  EYE, 
(T7.0/7.0 

/02?i/6iSRS?U      ?8Ni3UOH^      l° 

?i P8I: cissütsg 8PER 8: 85! 
752?8.;,t,Ä!8LAR5OptNUN?*035 ' 

/7§2^j6,nRg?UL%RcSPlN SHSP 

: KlsiSti IU: SOLID NO UEFlNllE EYE 

20 11» 300 

- PuSSlULE EYE 
- 6///? 

- POOh FIX 

PgN 6. 

PCN b  OHSP 

POSIT 

WfBR HI     „,g,P 

»87   298  lb  9 

14 13  CIRC 

1»  - 

»78 292 is 12 CIRC 

978 293 1=  - - 

30   976 
(CONF 01 

293 IB 14 CIRC 

) IOCNF 02 

ir i4 CIRC 

279  If J4  FJ.IP 

267  IB 12  CIRC 

If 12  CIRC 

2b 16  CIRC 

10 

F-N» 130X1 

:20 

:£0 

12 

209 2B 14 CIRC 

15  877   201  So 16  CIRC 

ill iiiJ SIM 

»03  224  I» 12 CIRC 

2« 16 CIRC 

:ktl' OVAL« U2»-J0 

2   5    -100  65  10 130  100 310  25 
(T4.5/5-5 /«.0/48HRS)   PCN 3  OHSP 

2l lb CIRC 

244  1B - CIRC 

244  1' 16  CIRC 

24 - CIRC 

12 

14.4N 122.6E 
IS.ON 120.5E 

14.4N 122.6E 

11:8» 118:11 
IS.ON 12«,5E 

14.4N 122.6E 

14.4N 122.6E 

ll!:!i 14.4N 
l4i4N 

14.4N 122.6E 

14.4N 122,6E 

14.4N 122.6E 

li:tt ISisH 
16.4N 120.6E 

IS.ON 120,SE 

16.4N 120.6E 

18.2N 120*S£ 

18.2N 120.SE 

1B.2N 120.SE 

IB:» 118:11 

18 

u 

13 
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u«: yci   fu jo ULT 

FIX 
NO. Il«t MUSIl 

101      UttUUl/^      ie-5N   122,tit     SAl (T7.0/V.V   /U2.S/o*nkb) PU«   3     Uh3K 

102 
103 

181 
18? 
18? 
M 
112 
113 

111 
116 
117 

11« 
tu 
115 

m 

Hi 

iso 
151 

154 
15!. 

la 

..TiÜ 

0»0Ub*Z 

8l83)!f 

0012502 
0013J4Z 

0B13S9Z 
oBlob'2 

0B21122 
0B2J59Z 

121.(t 
121.9E 
121.<<§ 
lit.JE 

ib-tJN 

19.9N 
20. J« 

20.o« 
20. 4« 

20. s« 
20.9« 

liS:!i 
118:31 
121.uE 

i   120.Bt 
1   )2".2f 
I   120.Jt 

119,9E 
119.Mt 

Ba&S??  14:33 113:31  SS! 

09u-*>*Z 
u^o35*2 

u^u^ooz 
U^l)*JUZ 
u*o->i:>z 
U^ÜOllfZ 
os*o*i«z 
ovuZauz 
uyu73s2 
U*0<»3UZ 

U91£*U£ 
oyi**uz 

osii^uz 

1 + 0      0*l£3UZ 
141      Ü9I*0UZ 

US   83i5gSI 
MlKJi 
oyjo*j/ 
09IT00Z 

831S88J 
0921002 
092£0OZ 

092J41Z 
092341Z 

092J41Z 
1003432 

100J432 

äl:SB 
21.2« 
21.»« 

119.9E 
119.B£ 

HS:ii 
119.JE 
119.fcE 
119.eE 
119.3E 
119.3t 
119.BE 

ill  81833** ii:9 
22. IN 
22. 2N 

9      09130UZ     22.1« 

22.2« 
22.2« 

%:l 

22.9« 
22*9« 

23.J« 
23.'« 

23.9« 
23.9« 

23.«« 
24 .BN 

113:11 
119.3E 
119.SE 

113:§I 
119.JE 
119.IE 

ttWi 
18:11 
119.JE 
119.JE 

il?:Si 
IlV.ub 

Ud«*E 

lld.bfc 

lld.*E 
Ild.oE 

11«.uE 

ll6.ü//,i,   /*l.Q/24"Kb) 

ll1»5/50   /W0.5/      "HbJ 

5       b    .     -        100      ?f   Jüu 

*f    LilO 

rtüAfl   £    UitS;>>    IL-ChF   Ol) 
lb      Mu   £(\i      lo 

7u        IM   JOÜ      3O 

2->   1J     CiKL 

PC*   b      UMSH 

«! C«   J       L>H3P 

y/8 
97b 

2*1 
2*« 

3        2 
l It),u/o» -/Mü.G/^t"«.*) 

PL«   > UM&P 
PCM   3 UfOP 

NUAA 2                         (CCNK    Uli 
NUMA C    trttSb)     <CCr*F    01) 

(I4.5A.S   /S /      "Ki) 

/1J"RS) PC«   J     UKüP 

-    35/// 

PC«  J     iJ"^ 

PC"  o     l>Hip 

PC«  2     UhbH 

PC«  2     üMsP 

LHÜH 
LHÜK 

([b.0/3.,. 
<l*.o/b«U 
(Tj.5/*«b 

24.ON   llö.uE     «Al        (T*.n/4.u 
24*4N    ilö.Ut       ?A1 (lj.E/4-3 

/«2-0/*:*nRb) 

^i.o/"^| 

UM^P 
OhsP 

PC« 
PC" 

2ä6      !•»    U      C1HC 

2Ö3      lo   1J      ClHC 

1P.2K   ldürbt 

22,6N 12C.3L 
23.5N li^.tE 

23.ON 12C.eE 

i§:lfs l«:ii 

22.6« 12t,3E 
23.5« 11-S.tE 
23.5« U4.6E 

13:3K H;^:ti 

H:i« 1H:Ü 
23.5N 11S.6E 

23.5N H'S,tE 

23.5«   11S.6E 

FIX 
NO. 

04U1M2 

0401132 
0401302 

mim 
041S0SZ 

ObUll^Z 
0b0^07^ 

lli'äli 

031=102 
031(412 
052J40/ 
ootosJZ 

0O010'2 
03010^2 

man 
mm 
mm 
07OUJ32 
0(0£022 

0702532 
0/04002 
0/04292 
0709002 

071J1O2 
071T122 

0/l»2«Z 
0/2IOS2 

10.3« 

11:« 
11. 
11. 

.♦IN 
■ u« 

1S:4S 
ii. 
12. 

i3N 

11: »ON 
.ON 

id- 
12- 

► *N 
. fN 

114.2E 

!1.:!IE 

11J:?I 
114.0t 
113.IE 

HPHUON  UPAL 
0«; ^0>' CyCtuwt «u. IB 

04 «ci io o« ücr 
Hai OgS        «A* 0B3     ObS   MIN 

MX  ACCHY   Fix   FLl L»U «1«D S^C «l«ü Hl«  700MÜ  LVL 
CAI NAV-MET  L«I  üIR Vtl- BhO H«(j  VEL BKO «Nb   SLP   HOT 

3AI   (T2.0/2.0 /U1.0/24nRSI    NUAA 2 1CCKF 01) (T2.0/2.0 /U1.0/24nRSI 

ir2.g/2.u /ttl.0<24nHS) 
111.8/1.u /S   /  nR3) 

10  10   7O0  330  30 210  gj^ s*»UHig  
3j 

10  10   7„o  2B0 

1002 

1001 

JOB 

30B 

l-tl FOSII 

LVL 
li/TU 

E»t 
FühM 

QlLN- 
mllON 

tlE 
OlA 

OF 
SAOAii 

MSh 

lc    10 

l„   3 

111:^1    P    I    !    ?M  JIB   IS  28  58    2i  ?8   15    ?31    181   h 13   £1K£ 
113.2E 
112.2E 

lli:Si 
112.6E 
112.4t 

1§:W 11!:SE 
12.9« 
12.9« 

B:i« 
13.BN 
13.3« 

13.J« 
13.4« 

13.'N 
[4.UN 

Hü 

14.2« 
14.3« 

Al (I3.0/J.O   /Ü2.0/24HHil 
Al II3.0/J.O   /Ü1.0/241S31 

AI (IJ.0/3.0   /()1.0<23"«il 
AI (13.S/3.0   /0        /      n»5l 

5      12        700      1*0      30      '0      5B        43      '0      30        99o 
I (T3.0/J.O   /l)2.0/24"H3l PC«   3     U«3P 

112.2E 
112./E 

m-.ii 
lll.BE 
111.3E 

HI:üE 

»:» 111:21 

3Al 

3A 

5       5       7oo     100     50     10 

10  10   7un  190  30 110 

P   5   3   7.n   40  33 330 
3AI    II4;6/4.5'/U1.5/24lR5) 

3AI    I14.0/4.U /U1.0'23"R3) 
SAf   ll4.S/4.3-/U1.5/24nRS 

H 
3AI 

PC« 3 

?S« liUOH3|i 

25 
PC* S  ÜH3P 

30   50 J40 
PC« J  UM3P 

j   9d6 

9U2 

I        96B   283 

(CONF 02) 

300  U 10  ClKt 

293 U   12 

293  1»  9 

VI   13  ClHC 

3AI 
10 

., .  2?B  'a 1B0  30   ?3 130  25   96B   21)3 
114:5/4.5' /Ol.5/24nRS)u  «N 1  UH3P 

3    -   180  30  90  9j)N 

210 120 
PC« 

UM3P 

J  U«3P 

.9E 
IlE 

110.BE 
lll.OE 

110.3E 
109.JE 

llo.oE 
109. It 

3A1 113.5/3.3 /Ul.p/24nRSl 
3AI 114.S/4.3 /U0.5/24"R3] 

SAI tr4.5/4.3 /ü   /2J"R3I 
V 10  10   7oO  1B0  4» 100 

3A1 (13.5/3.5 /D1.0/24"H3I 
"P 10  lo   -ruo   -   -   - 

ti3A B uteui 
20   73 100  4b 971 

971 

PC« 3  UM3P 
PC« 5  DM3P 

7^0  140  43 
7oo  150  J' 

50  50 
BO  20 

13  ClHC 

- C1KC 

- C1KC 

2B6 

2B6 

292 
293 

lo 14 

1' 12 

it 
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TYPHOON  PMaY H* POSITION» hOH CTCLUNt NU. 19 

FIX «4. llnE POSIT 
ACCHY        fix        FLI    L"L   WIND             »FC   "1NU 

hAV-MET     Lvi       OIR   Vt*-   öriG   rtNü      VfcL   BK6   HNb 
«IN       700M8    ,L»L 
SLP         Mtl        1»/TU 

tit 
FUKM ?IT 

1 06OU19Z U.3N 143.lit »Al (Tl.5/1.b   /D0.5/24nRS) NUAA   £    (NtSil ((.CNF   02) 

z 
3 

D523UZ 
U52J13Z 

13.UN 
13. 3N 

142.4E 
142.l"E 

JA I 
3AI 

<Tl.5/1.3   /           /      nK») 
112.0/^.1.   /U0.5'2*',RS> 

PCN   J      UrfSf1 

NUAA   £    INbSb) 

* 
5 

06O301Z 
061I53Z 

13.ON 
13.0« 

142.IE 
142.bE 

»AI 
»Al 

Ill.S'i.b   /           /     "HSI 
PCN   D     UHbP 

* i&l&l ti'M iti-M »AT 
3AI (13.0/3.u   /01.5/2«»«R»J KR 3   HÜ3f 

8 
9 

OfOuO'Z 
ofooorz H:K \i\:'A »Al 

»Al 
Ü2.5/C-3   /Ü).5/<4"HS) 
<I3.0/3.1.   /U1.0/24nR») 

NU A A   <; 
NUAA   i    (IVLSS) 

ICCNh    0^1 
(LCNf   Uli 

1! .7*888 11:58 U8:3l »Al 
»Al \1i:iii:i fii.J  WH 

PCN   4     urtbH 
PCN   J      UMSH 

12 
13 QflOQUZ 

13. ON 
13."« 

141.UE 
140.et 

P 
P 

2       Ö                    lbo     &w     50 
10        2           -           40      bf      5U 3b 

^u C1KL 
C1KC 

11 m\m H:!R 140.OE 
140.3E 

»AT 
»At ,JCN   4       ÖMbP 

16 
17 

0 7lS3uz 
0715302 

13. it* 
14. IN 

139.vt 
139.9E 

»A I 
3AI 

PCN   J     UniP 
PCN   J      ÜMSP 

15 mm 15:118 »M:»E »AI 
3AT m-.l'A-A m:l''iiW$\ p'cfK**   ^ÜH»H (Cthf   011 

\\ mm 14-.3K 113:51 3*1 3A1 Wt-.YA-.i ifBi.o^RSil g£8 1  8S»P 

B umi 13:« lifcSl 3»] 3A< UiMV.l'M:l'4#®\ NUAA  ^   iiibSäl 
KC«   4      UMbK 

(CCNF   Oll 

^4 
25 0BU44OZ 

14.IN 
14. 2N 

136.3E 
138.2E 

3AI 
P 

(I4.0/4.U   /U1.0'24nRSI 
2        5        7oo      150      »»      40 

PCN   J      UMiP 
5U         ÖU      4u      Ey 97«        J89      lo   u C1KL 

26 
27 

060*162 
U61117Z 

14.3« 
14.m 

138.IE 
137.BE 

P 
3A1 

5      10        7un      180      3"    100 AÜ         -         ~         - 
PCN   D      ÜHüP 

916        290      lo   U C1KC 

28 
29 

oenWz 
00131=2 

14./« 
14.8N 

137.OE 
137.2E 

»Al 
»I 

PCN   0      \i*S>V 
PCN   1      ÜMSP 

3? 8g..l8 \t:to \ll-M Sp" 5        S        7an      130     t"   330 iiN ^»"SIB   io 958        272      lo   10 CiHC 
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CHAPTER V SUMMARY OF FORECAST VERIFICATION DATA 

1.      COMPARISON OF OBJECTIVE TECHNIQUES 

a. GENERAL: 

Objective techniques have been 
verified yearly since 1967.  Year-to-year 
modifications and improvements have pre- 
vented any long period comparisons of the 
various objective techniques except for 
EXTRAPOLATION and ARAKAWA (1963).  All of 
the dynamic objective forecast techniques 
used during the past season employed the 
simple steering concept of a point vortex 
in a smoothed flow field with adjustments 
based on past movement.  None of the tech- 
niques provided intensity forecasts with 
their associated relationship to movement. 

b. DISCUSSION OF OBJECTIVE TECHNIQUES: 

(1) EXTRAPOLATION - Past 12-hour 
movement derived from current warning 
position and 12-hour old best track posi- 
tion is linearly extrapolated to 24 and 48 
hours. 

(2) ARAKAWA (1963) - Grid overlay 
values of surface pressure are entered into 
regression equations.  Previously hand com- 
puted, computations were computerized 
during the latter half of the 1972 season. 

(3) MOHATT 850/700 - A modification 
to the basic HATRACK program which advects 
a point vortex on a pre-selected analysis 
or prognostic SR (space mean) field at 
designated levels in six-hour time steps 
out through 84 hours.  Utilizing the 12- 
hour history position, MOHATT computes the 
previous 12-hour forecast error and applies 
a bias correction to the forecasted posi- 
tions out to 72 hours. 

(4) TYMOD 12/24 - A modification 
to FLEWEACEN Pearl Harbor's objective tech- 
nique TSGLOB.  TYMOD advects a weighted 
point source using FNWC Monterey's global 
band upper air progs out to 72 hours.  Out- 
puts are provided for both 12- and 24-hour 
history.. Bias corrections are applied to 
the forecast positions based on the pre- 
vious 12- and 24-hour forecast errors. 

(5) TYFOON-72 - Modified version 
(Jarrell and Wagoner, 1973) of the basic 
TYFOON program (Jarrell and Somervell, 
1970).  The program outputs forecast posi- 
tions as the centers of probability ellip- 
ses out to 72 hours based on a group of 
analog storms which occurred within a time/ 
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F       M 
0       0 
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0 
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M       J      J       A      S       0      N 
116      6       5       4       3 

D 
0 

space envelope centered about the date and 
position of the storm being forecast.  El- 
lipses are based on the analog population 
weighted according to their similarity to 
the existing storms. 

c.  TESTING AND RESULTS: 

In past years only one or two ob- 
jective techniques provided 72-hour fore- 
casts.  For the first time, during 1973, 
the JTWC had five objective techniques to 
assist in formulating the 72-hour outlook. 
Although some of the objective techniques 
showed certain skill at various time frames, 
research is continuing in an effort to im- 
prove all of the objective techniques used 
by the JTWC. 

(1) Table 5-1 presents a comparison 
of all objective techniques for all fore- 
casts.  Each objective technique is com- 
pared to the best track, each of the other 
objective techniques, and the official JTWC 
forecast. A comparison of the various 
techniques shows EXTRAPOLATION to be super- 
ior to all other techniques at both 24 and 
48 hours.  When compared to the official 
JTWC forecast, EXTRAPOLATION was only 
slightly higher at 24 hours and equal at 48 
hours.  TYFOON-72 was the second best tech- 
nique at 24 and 48 hours and superior to 
the other techniques at 72 hours.  When com- 
pared to the official JTWC forecast at 72 
hours, TYFOON-72 was only slightly higher. 

(2) Table 5-2 presents a comparison 
of all objective techniques for all ty- 
phoons where the maximum sustained surface 
wind was 35 knots or greater.  Once again, 
EXTRAPOLATION was superior to all other 
techniques at both 24 and 48 hours and 
TYFOON-72 was best at 72 hours.  When com- 
pared to the official JTWC forecast, how- 
ever, EXTRAPOLATION was equal at 24 hours 
and slightly better at 48 hours.  This in- 
dicates the regular tracks most typhoons 
described once they became well developed 
plus the lack of major recurvers during 
the 1973 season. 

2. SUMMARY OF TROPICAL CYCLONE 
FORMATION ALERTS 

For the fourth consecutive year, the 
JTWC issued Tropical Cyclone Formation A- 
lert messages as a means of alerting De- 
partment of Defense interests to poten- 
tially dangerous tropical disturbances 
which normally had not reached the tropical 
depression stage. 

Of the 26 tropical disturbances in the 
western North Pacific during 1973 for which 
alerts were issued, 22 were placed in warn- 
ing status. Only Tropical Storm Hope, 
which developed from an upper tropospheric 
low, was not preceeded by a formation a- 
lert.  Including revisions, extensions, and 
regenerations a total of 43 formation a- 
lert messages were issued. 

The high ratio of tropical cyclones to 
formation alerts, 85%, can be attributed 
to the improved satellite interpretation 
procedures employed by the JTWC.  Of the 
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43 alerts issued, 30 were based solely on 
satellite data, three on aircraft investi- 
gatives, and two on synoptic data.  The 
remaining eight alerts were based on a com- 
bination of satellite plus aircraft, synop- 
tic data, or land radar.  Thus, 88% of all 
alerts issued during 1973 employed satel- 
lite data as their basis. 

3.  ANNUAL FORECAST VERIFICATION 

Forecast positions for the warning, 24-, 
48-, and 72-hour forecasts are verified 
against the best track using two criteria: 

a. Only those forecasts for tropi- 
cal cyclones which reach typhoon intensity 
and the best track winds are 35 kts or 
greater are verified; and 

b. All forecasts for which best 
track positions exist are verified. 

No verification statistics are computed 
for the 12-hour forecast positions.  How- 
ever, the 12-hour forecast position errors 
may be estimated by adding half the differ- 
ence between the warning and 24-hour fore- 
cast position errors to the warning posi- 
tion error. 

In addition to the methods described a- 
.bove for verifying absolute error distance, 
a computation of closest distance to the 
best track (right angle error) is also cal- 
culated for both methods.  This is used to 
measure the demonstrated ability of the 
JTWC to forecast the path of motion without 
regard to speed. 

Unless otherwise indicated, the follow- 
ing tables and figures depict the distribu- 
tion of the typhoon criteria forecasting 
errors in the JTWC forecasts. 

TABLE 5-1.  JTWC ANNUAL AVERAGE FORECAST 
ERROR 

24-HR 48-HR 72-HR 

1950-58 170     
1959 *117 *267   
1960 177 354   
1961 136 274   
1962 144 287 476 
1963 127 246 374 
1964 133 284 429 
1965 151 303 418 
1966 136 280 432 
1967 125 276 414 
1968 105 229 337 
1969 111 237 349 
1970 98 181 272 
1971 99 203 308 
1972 116 245 382 
1973 102 193 245 

*Forecast positions no rth of 35°N were not 
verified 
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TABLE 5-2. 1973 OBJECTIVE TECHNIQUES VERIFICATION FOR TYPHOONS ONLY (see criterion a) 

24-HOUR 

mas MH70 

195 
102 

164 
100 

42 
120 

144 
216 

150 
181 

170 
116 

135 
147 

125 
125 

102 
O 

92 
28 

98 
118 

102 
44 

164 
100 

40 
122 

136 
2 20 

140 
182 

154 
117 

129 
146 

119 
124 

102 
21 

97 
123 

97 
85 

98 
19 

95 
28 

120 
0 

38 
195 

38 
166 

144 
216 

142 
181 

216 
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216 
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OF 

CASES 
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Y-AXIS 
TECHNIQUE 
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ERROR 
DIFFERENCE 

Y-X 
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-15 

143  215 
115 -101 

35 
131 

34 
120 

126 
-6 

120 
146 

113 
12 3 

223 
-77 

192 
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150 
181 

148 
115 

126 
145 

118 
123 

181 
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177 
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158 
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116 
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JTWC 

JTWC XTRP ARKW TY24 TY12 TYFN MH8S                MH70 

A JW 
0 

192 
-2 

187 
93 

187 
202 

186 
165 

XTRP 

ARKW 

TY24 

TY12 

120 
190 

33 
280 

104 
389 

108 
3S2 
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191 

31 
276 

102 
395 

106 
358 
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0 

191 
85 

185 
210 

183 
175 

33 
280 

30 
360 

30 
330 

280 
0 

283 
77 

283 
47 

109 
392 

107 
356 

392 
0 

393 
-37 

US     360 
360         0 

JTWC -  OFFICIAL JTWC SUBJECTIVE FORECAST 
XTRP   -  EXTRAPOLATION 
ARKW - ARAXAWA 
TY24   -  TYMOD WITH 24-HR HISTORY 
TY12   - TYMOD WITH 12-HR HISTORY 
TYFN - TYFOON   {WEIGHTED CLIMO) 
HH8S   - MOHATT 850-MB PROG 
MH70  - MOHATT 700-MB PROG 

TYFN 125 
210 

190 
20 

117 
214 

189 
25 

32 
222 

287 
-65 

108 
203 

391 
-189 

113     357 
20S   -152 

132     215 
215         0 

MH85 98 
314 

196 
118 

96 
314 

188 
127 

27 
266 
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91 
308 
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308       98 
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195 
99 

91 
293 

186 
107 

27 
251 
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87 
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95     209 
288       79 
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TABLE 5-3.  1973 OBJECTIVE TECHNIQUES VERIFICATION FOR ALL FORECASTS (see criterion b) 
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128       IS        128        -6        128          0 

48-HOUR 

JTKC 

JTKC 

153     197 

XTRP ARKW TY24 TY12 TYFN MH85 MH70 

197 O JTWC  - 
XTRP  - 

OFFICIAL JTWC SUBJECTIVE  FORECAST 
EXTRAPOLATION 

XTRP 137 
197 

197 
0 

ISO 
201 

201 
0 

ARKW - 
TY24   - 
TY12   - 

ARAKAWA 
TYMOD WITH  24-HR HISTORY 
TYMOD WITH 12-HR HISTORY 

ARKW 33 187 31 191 33 280 TYFN  - TYFOON   CWEIGHTED  CLIMO) 
280 93 276 85 280 0 MH85   - 

MH70   - 
MOHATT  850-MB PROG 
MOHATT  700-MB PROG 

TY24 116 
397 

192 
205 

120 
402 

192 
210 

30 
360 

283 
77 

128 
398 

398 
0 

TY12 120 192 125 190 30 283 126 399 135 361 
358 166 361 171 330 47 358 -41 361 0 

TYFN 137 195 136 194 32 287 127 397 133 358 152 212 
209 14 212 18 222 -65 203 -194 204 -154 212 0 

MH85 10S 203 107 196 27 264 101 413 108 367 112 213 114     311 
311 108 313 117 266 2 308 -105 310 -57 307 95 311         0 

MH70 99 202 102 195 27 264 97 413 103 366 106 212 108     310 108     291 
293 91 293 98 251 -13 285 -128 288 -78 289 76 291     -19 291         0 

72 HOUR 
JTWC TY24 TY12 TYFN KH8S HH70 

JTWC 97 
253 

253 
0 

TY24 79 
611 

261 
350 

95 
617 

617 
0 

TY12 81 
550 

256 
294 

95 
570 

617 
-47 

100    577 
577         0 

TYFN 90 
266 

254 
12 

94 
305 

615 
-310 

99    579 
313  -267 

112 
319 

319 
0 

HH85 68 
529 

264 
265 

73 
521 

625 
-104 

78    572 
526    -45 

81 
528 

325 
203 

83 
533 

5 33 
0 

MH70 66 
506 

264 
242 

70 
505 

617 
-113 

7S    571 
519    -52 

78 
522 

323 
199 

80 
526 

513 
12 

80-   S26 
526         0 

72 
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SUMMARY OF INDIVIDUAL TROPICAL 
STORM VERIFICATION 

TABLE  5-4. 1973 JTWC ERROR SUMMARY 

lAverage errors  are  given  in nautical miles) 

CYCLONE 

TS 
TY 
TY 
TS 
TY 
TY 
TS 

8. TY 
9. TS 
10. TY 
11. TD 
12. TS 
13. TS 
14. TD 
15. TY 
16. TY 
17. TY 
18. TY 
19. TY 
20. TY 
21. TS 
22. TS 
23. TS 

WILDA 
ANITA 
BILLIE 
CLARA 
DOT 
ELLEN 
FRAN 
GEORGIA 
HOPE 
IRIS 
11 
JOAN 
KATE 
14 
LOUISE 
MARGE 
NORA 
OPAL 
PATSY 
RUTH 
SARAH 
THELMA 
VERA 

ALL FORECASTS 
»TYPHOONS 

 WARNING 
PUSIT RT ANGLE 
ERROR ERROR 

12 
22 
20 
28 
25 
17 
58 
17 
32 
24 
23 
65 
31 
16 
21 
18 
17 
26 
21 
19 
13 
35 
39 

24 
19 

7 
13 
17 
20 
15 
13 
27 
12 
27 
15 
15 
43 
21 
16 
14 
10 
10 
12 
14 
12 
10 
15 
19 

15 
12 

—I— 
WRNGS 

9 
13 
24 
7 

19 
28 
5 

15 
13 
30 
6 

10 
8 
4 

18 
12 
34 
15 
29 
33 
4 

10 
28 

374 
239 

FTBT 
24 HOUR 

RT ANCLE 
ERROR ERROR 

63 
157 
79 
92 

123 
135 
172 
114 
114 
138 
155 
191 
114 

104 
77 

104 
98 
65 
84 

146 
116 

108 
102 

50 
104 
65 
88 
79 
90 

142 
96 
96 
96 
88 

139 
71 

71 
67 
77 
62 
37 
SI 

35 
78 

74 
71 

1 
CASES 

5 
9 

20 
3 

11 
16 
1 

11 
9 

26 
2 
6 
4 

14 
8 

30 
11 
22 
29 

6 
24 

267 
195 

48 HOUR 
FCST RT ANGLE 
ERROR ERROR 

240 
151 

2 56 
201 

225 
224 
192 
177 
212 
126 

263 
172 

197 
193 

96 
123 

.156 
116 

255    225 
9    181 

26S   153 

180 
166 
156 
89 

122 
78 

68 
151 

134 
131 

—I— 
CASES 

3 
16 

2 
6 

7 
155 
21 

9 
3 

24 
5 

21 
24 

153 
136 

 72 HOUR  
FCST RT ANGLE *— 
ERROR ERROR  CASES 

210 

55 

279 
2 

328 

294 

267 

318 
163 

283 
236 

253 
245 

171 

53 

243 

157 

173 

218 

170 
90 

283 
221 

162 
153 

12 

2 

1 

17 

3 

20 

17 
21 

1 
3 

97 
88 

♦Includes only forecasts on cyclones that became typhoons and only when verifying best track wind was 35 kt. 

NM 
190 

170 

150 
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130 128 130 
[AVG 
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70 rrrrrs— Wi\ ffi ̂  ■ 62™ 64-73 
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10 

^y 

fiy 

# 

© 

kt 
& 

!y 
<9 

8   S   $> 
<o 

<fc s, 

FIGURE  5-3.      J973  avziage. vzcXoi and night angle e.Kfi.0A.&  o&   24-h.l  ^oltcaiti 
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5.     TROPICAL STORM AND DEPRESSION DATA 

TRCPICAc STORM   niLOA 

1200<  1 JUL TO 12002  3 JUL 

BEST I RACK ■ARftlftG 24 HUUH t-QhtCAST 
ERRORS ERRORS 

KIND  OST «INU    POSH    M1NU 
   -     .. ...      3u   2S -IS  SO.ON IlS.Ot  50 
0118002 20.3N 110.UE  SO 20.2N 118.Ot  40    6 -10 cZ.it.   117.0t  So 

0200002 20.9N 117.fC  55 2U.7N 117.BE 

02O60OZ 2L5N U7.oE  55 21.SN 117.7E 
02120OZ 2250H 117WE  „0 22.IN 117.7£ 

021BO02 22.6« il/.'E  60 22.BN 117.7E 

0300002 23.6N 117.9E  00 23.ON 117.9E 

0306002 24.6N 110.JE  t>0 24.7N 110.2E 
0312002 25.51» llB.SE  40 25.ON 118.it  4 

48 HOUR FORECAST 
tHRoRS 

FOSIT «UNO      USr   HIND 

72 IhOOfl  MHECASI 
ERRORS 

50 13 -5 23.0ft 116.8t 6b 70 5 
55 
65 

6 
6 

0 
-5 

24.3ft 
25. IN 

117.St 
ll8.lt 

45 
4U 

47 
32 

-15 
0 

55 12 -a --.- - — — 
5U 12 -10 --.- — — — 
41t 
4U 

0 
18 0 

THfPiCAL   STUHM        CLARA 

1B0O2   12   JUL   TO   116002   14   JUL 

PUSlT «INO HUSH 
121*002  28.In 161.6E 35   27.61» 161.7E 30 

131/0002   28.7i» 160.9£ 40   28.3ft 161.OE 30 
13l>6002   29.3N 160.4E 50   29.2N 160.2E 43 

1312002   £9.ON 160.2E 45   30.6N 159.7£ 4S 
1318002   J0.5N J60.4£ 45   30.3N 160.2E 45 

1*00002   J1.0N 161).fE 40   30.9N 160.2E 4S 
14U6002   J1.7N 161.6E 35   31.8N 161.0E 4U 

WAHMNO 
ERRORS 

«INU     UST   ttINO 

24   HUUH   FORECAST 
ERRORS 

POSIT KIND     DST   m«'D 
30     -S     30.91»   159.4t     45        57        0 

40        80        0 
50     138     IS 

48  HOUR  fORECASI 
ERRORS 

POSIT MlttO     USI   «INI) 

72 iHOVlR  f'CKtCASI 
ERRORS 

RCSIT willig     LSI   »IM- 

24  -10     31.4ft   159.2E 
12     -5     32.8ft   159.2t 

26 
S     —,- 

THuPlCAL STURM   FHAN 

0ÜUUZ 29 JUL 10 0O0Ü2 30 JUL 

BES1 TRACK HARKING 24 HOUR fl>NiT.,ST 48 HUUK FORECAST 
ERRORS ERRORS tHHoRS 

2900002 l-S^ii,.^*1^ IV.J^ÜS.SE-1?^  "5J "IK" ^.^fio.OE-1^ 1ft  «ft0 „ *U*Ii. - «'S»  "II «>NU 

48 "5 ":: ~:::   "   = = ::;: :::::   ::   :: .:: 
29u„l,ü2 19.2N 123.3E 40 19.31» 123.6t 3s 
2912UU2 H.8N l22.SE 35 1».4N 122.7t 35 

291H002 20.BM 122.6E 30 19.4N 122.IE 35 

3000002 £1«6N 122.9E 25 19./I» l22.lt Ji, 

72 iHOOR FORECAST 
ERRORS 

IKI.PICAL STUKH  HUPE 

06OO2 9 AUG 1U 06002 12 AUG 
Btil    IRACK                                 «AHMNG                                        24   HUUH   fOKtCAST 48   HOuK FORECAST 72 .H0.1.R   PllHtCASi 

EHHORS                                                        ERRORS tHHi}RS ERRORS 
POSIT           «lull           PUSH           «lt»o     UST   nlftll           POSIT           WlNU     OST   »1I»0           POSjT           81NÜ UST   «INU PCSIT           Hllftu OS" HIM. 

OVI/5UO2   *6.1I»   154.«E      30   26.4N   154.7t     Ju        19        0     30.UN   152.7E     40      122      -5 «.- —.- — "      — «.- «.,- ■— -* — 
0912UÜ2   eO.Sft   153.ot      3(1   2/.2N   1S4.2E     30        47        V     30.7ft   153.4E     40      169        n —.- —.- — —      — —.- ——,- — — — 
O9JHO02   27.0ft   152.BE      J5   27.2ft   152.7E     3O        13      -5     30.8ft   149.7t     40        78        0 --.-  .- — —     — —.-       .- — — -- 

10OOO02   ct'ln   152.UE      40   2f.5N   152.OE     40        12        0     j0.2ft   ISO.Ot     45        12        5 33.ON   149.ut 45 158      IS —.- —,- — — — 

imMi fr.tt ili:5I  XI IS:*K ill'M  5S    tt  iS Si.Sfc 1J§:SE 18    it  kl .£;!" ill:!' 12 2S-  12 ::;: :::;: :: :: :: 
lOltiUUi  *:y-6N   lay.JE     *0   2i»«*N   ibQ.«;L     6u        13     lw     J3.7N   l49.lt     üu     147     <:0 —.- —,- — —     « —.-      .- -- — -- 

llUOUÜZ    JU-3M    14V.ÖE      40   3U.4N   149.^t      4y            Ö         U      J4.2N    l49.S>t      Jb      ^^^         S —.- -—,- — —      — --.- ».,.. — — — 
Ll\jt>UiU   JO.O«   !4y.lE      35   3l.AN   i49.<iE     tu        24        =>     o4.6N   l*b.*L     3t>     206        5 —,-  ,- — —     — «,- -—,- — — — 

Ill2u0^   Ji«3«   lH<i**<i     30   31.2N   i48.b£     to       12     lu     —.-     -—.-       —       —     — —.-  .- — —     — --.- -— v- — — -- 
lHbUUZ   Jl./N   inf.Hg     30   3i.bN   14B.1E     *tu        59     lu     «--.-      ,-       —       —     -- --,-  ,- — —     — —,-      .— — — — 

l2oouü/   J<:*2rt   Ito.uE.     30   33.5N   14B.UL     4U     127     lu     —.-     —.-       —       —     — —.- —,- — —     — --«- —.-- — —* « 
.   IZ'^OtU   Ji.y«   144.aE     JO   3C.3N   1H4.öE     4u        36     lu     —.-      .-       —       «     — --,- —.- — —     — --.- -—,- — — — 

IML.P1C*L  DEPhtSblüN     U 

DuUUi   13   AUG   IU   U°0Ü*   It   AUu 

btsl    IHAC^                                 oAHMMb                                        £+   HUUK   ^0Kt^;Al>T 4B   HüüK hÜHECAÜT j£ ihOL«   f^CHtC*ül 

HOSil            *1.0           HOÄ1I            WINu     ul"HiilNU           PUSH            *1NU     UbT^lNO           FüSl T UlNÜ UäTülND KSlT H^u ^C^^lSu 
13üuuUi   JU.UA   Ib/.OL     30   3U.UN   isä.<it     3ü       31        u     Jl.4^   15fa.bt     4b     148     20 —.-  •- — — ♦-      ,,- — —- — 
ldt>6UUi   J^>•^N   ]so.«t     JU   3U.JM   137.ah     Jy       52        u     J2,IN   lbö.OE     4b     162     20 —,—  •- —       —  --»- «—«J- — — -* 
13JPUUZ   jU.j«   lbs.«t      30   3K.2N   135.9t     3u           U        U     —.-      ,-        —        —     __ .....  .. ..  .... „... .. .. .. 
IJltiOUi   JU.&M    I3f.öt      t>->   3u.bN   1,34.tt      Ju         21         b      --,-      —,-         --         —      — *.  ;- — __      .. „*. .*. ._ ... _. 

141/Ogo.c   JU.BH   13J.HE     ^r5  3U./N   153.7E     Ju          ti        b     .-.-     .—.-       —       —     -. _.,.. . ,-          __#. .^ .. _. w. 

14y&uOZ   Jl.^N   ISJ.Up      (*5   31.2N   15Z.6E     2b        20        V     —.-      —.-        —        —      -. ...  .-           ..,. ,rf. .. .. _„, 

iKtPlCAL   STUHM JüA« 

06OUi   Id   AUti   1Ü   UOOi  20   AUU 

t»Ebl    lHALr\                                 NAHMNQ                                        24   rtüUH  hüKtCAST 4B   HOü« frÜHECAÜT 72 iHOtH   PChtC*bl 
EKKüR^                                                   bHHUHä LHMoHS fcfiftOftS 

HUbll            hlMO           KObll           mirtv      üSl   WINU           POSIT           MlNU     DST   liLND FOblT           H1NU UST   WIND PCSIT           HIM; tS» HIM 
lÖUbüO^   i^*»4N   129.JE     30   1*.2N   129.3E      3w         12        u      iV.Bl*   126.UL     4b     141        5 --,-       .- — —     — —•" -—.- — -« — 
lBl^vO^    19««N   J2b.u£      JO   lö.BN   129.3E      3y        9b        U      l8.7r\   12b.9t     4b      224        0 —.- —.- — ---    — «,- —rf- — — — 
IBlHOOi   £Q*Tt*   120.0E     30   1B.6N   128.4t      Jy      lbl         U      iB.BN   124.9t     4U      221        b —.-       .- — —     « —•- —— *- — — -- 

19ug00*<   rl-4N   liJb.3E      J5   lo.3N   127.2£     30     208     -b      jB.9h   123.4t     *u      19b      10 —.- —,- — —    — ■—•- —tf- -- — « 
190600Z   <:i«7N   124.3E     40   22.2«   ±25.ufc      3y        *1   -lu     <;4.8K   120.6E     3b     219        S —.- --—.- — —-     — --•- —— *• — — — 
191200Z  2JS7N   123.b£     *S  22.ON   123.SE     <*o       IS     -b     <-3.6N   llB.4t     3b     i4B       5 --.--      .- — —     — —#- —*- — — -- 

19lBU0^   <-l*bN   12<;.2E     35  2^.UN   122.OE     *3        32      1U      —.-      .-        "        —     — —.-       .- — "    — --•- — rf- — — « 

20U000i   Cl.SN   121.Jt     JO   2J.7N   1ÜO.BE     »5        55      13     —.-      .-        —        —     — --.-       .- — —     — —.- —.— — — -• 
20U6UO^   ^U3N   11W.4E     30   21.ON   119.4£      Jy         IB        U      —.-      .-        —        —     « —.- —." — —     -- --*- ——.— — — — 

2012UÜ£   «;l*3N   11/.4E     30  21.IN   117.SE     lb        13  -lb     —.-      .-       —       ---     « --,- —-.- -- —    —- --.- --—^- — — — 
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r„0plC«L  SIUHM       "ATE 

0000/   24   AU6   TU   UU0O2  26  AUO 

»KMNb 2«   HUUri   POHtCAST 

ERP.0K5 ERRORS 
Hlrlu      UST   tflhu PUSIT MlNU     UST   HllftO 

«8   HOUK   F0P.ECASI 

FUSIT 
tHMoBS 

KINO     US>   «IND 

72 IHOUR  POHtCASJ 

BC SIT 
ERRORS 

MWlO     .ßSl   »IM: 

2*to0oU£ i9.i« in.re 
2412UÜ2 1».4N   111.JE 
241,«ÜOi I9./N   110.Ht 65 10.9N 110.9£ ju 

«iöuouOi eO.ON   lu9.3t 35 19.9N 109.9t 4U 

23l*h00.i CU.2N   IÜO.DE OO 2V.2N 108.9£ oo 
251300,: 20.4N10/.OE oO 2U.5N 108.2£ 60 

25i*uoi <!0.6n   100.HE oO 2O.7N 107.Ot oo 

2ouoo0i «0.8N   loo.IE «0 21.0h 106.lL 3s 

♦8  -1= l7.SK   109.26 40 1*9 -20 
48   -2w 16.8N   108.6t 25 117 -35 — .-- 
4B  -23 )9.2N   108.7t 25 136 -35 --,- 

23   -1= «:0.<jN   10T.lt 43 56 5 --••- 

22 
34 

V 
u 

13 v 

12 -3 

\c\i\iL      l   SEP   10  OOUIU     2  SEP 

kROHb 

bcSI     IHACn. »AHNiwö 

EkROHb 
PÜ5I1 wi.,0 PUail vlm>     iySl   KIN 

1)1121111*   IV.2h   lub.d£      JO l^.fcN   107-.bt      JO        46 
ÜllHUlU    XV.fiN    1U0.4E      JD 1^*^N    lOÖ.bt      3u 13 

u2vOUOi.   1*.4N   lüb.vt      JO l*«Jr*   10b.9t     3v 6 

02«,.SUui   l*«7h   lUb.SE      <;5 1I*WN   l05.3t.     3o 0 

2*  MUurt  KwtCAST - 48  HOu«  FORECAST 

OSIT       KINO   DSI BIND 

72 IHOU"  PCHtCASI 

BCS1T «JMJ     Baft" 

TROPIC«!-   S10P.»        SARAH 

OOOOZ   10   N09   TO   1800Z   10,   how 

«I NO HuSl I 

«AHMN6 

«Ir.Li 

101?00i 12.4ft 109.3t 
101*001 i£.5N loo.bt 

40 12. 2N 111.5t 
30 12.IN 110.4L 
35 12.2(4 109.4c 
35 12.2N 10B.ÖC 

13 
25 

Ü4 HOUK FOKtCAST 

POSIT    UlNU  UST 

48 HOUK l-ORECAST 

POSIT    KINO 
ERRORS 

OSI SlNU 

72 IHOUR PCHLCASI 
CNR 

BCSIT    «UNO  CS* 

TROPICAL SlORN   THELH1 

00OQZ IS NOV TO 06002 16 NOv 

bLbl     IKACK MAHM>«U 

EHHÜHS 
24   HUuK 1-UKLCAiT 

EHHOrtS 

lbi.||U(U 
fusil         *■ iMj 

40 lu 
POsi! 
4N    11U 

* 
Mt 

[NU L»ST 
1U3 

HJNU PÜbjT             MlNU 
10.4N    104*bt      3b 

UST  bltN 
192        0 

lbi^oy* 
ll*.0lN    llu.lt 

W5VM   ItJO.HE 
3Ü 
bS •* 1U9 

10» ?i 153 
24 

a 
l> V.6h    lU4.et 

9.6N    luJ.Vt bu 
159     20 
148     25 

IblauO,; 9»äN   lUd.JE 45 * /N 1U7 7t St» 36 lu 9.6N   102.9t 5b 105     30 

löuovy^ V.dN   loo.ut 
95tm   jU/.j£ 

J5 
JU •* ON 

7tN 
1Ü8 
107 

Jti 
Ju 

21 -3 
u 

9.^    10u.3t 
V.7N   lC*.Ut 

3U 
3U 

189     10 
24      10 

löl^uOi 
16lHi>Ut 

■»•oh    iUD.^t 
9; /n  lus.fE 

2b 
25 

■* 

s UN 
lUb 
1U5 

Jt 
4t .13 

6 
19 

3 
u 

— .-      .- — -_     .. 

48 HOuH fORbCASl 
tHHQHS 

7.2 IHOjjR  POKtCAS' 
EfiRORS 

UST   UNO           POSIT           HINÜ     USI   NINU           PCSII HllNU     US'   KIMC 
192       0     1C.4«   I00.lt     55     29f     35    —.-     ,-      —       -*    — 

«»JE     60     «83      3i 65     230     45     10 

17u0UO£      9.7N   1U3.1E     ^0     9.ON   104.3t      23 

I7i.nv0£      9. 7N   104.4E     dO      9.ON   105.3£      2u 

18i-*,uOZ    10.4N   101.4E      *;5 

ToOPTCAL SIORK   VERA 

l?noZ 10 NOV TO 06002 26 NPO 

PUSH »IMü 
191200^ 10.ON 1<;6.3E 30 
IVIHUUI 11.3N 1£3.3E  30 11.?N 1£S.9E 

EHKORb 
UST W1NU 

48 HOuH FORECASI 
EKKORS 

30   12.IN   125.lt 
30   11.ON   122.0E 

30 
30 

ll.IN 
11.31. 

l<:3.3t 
122.u£ 

3L 25 
65 

30 11. 3N 121.OE 30 94 

30 
30 

11.314 
11. ON 

121.3E 
122.3L 

30 
3u 

41 
71 

20wOuOZ   11-bN   124.ot 
2Ül,BUO£    li:4(N    li*.lt 

21v/0uUi.    li«4N    l£Ä.Ot 

21vo-JUt    il«4N   1<;2*UE 
2ll?uUi    lt«*>v   lil.Jt 
ZllHUÜi   ii«br>   i20*oE     30 H«*>N   lil.bt 

22'uuOi    ii.bN   120.U£      35 11.OM   UO.Jt 
22tdUUi   A1*9M   11-*.**P     J5 II.OM   119.bt 

22lrti/0i    l£*btN   tld.Jt 

23i.Q0UZ   i*:.y«   !!'.'£     45 13.If*   117.JU 

23unUUZ   iJ.dh   lli'.Jt 
2Ji2i.'üi   J-^:bN   Uo.ft 

23lHUUi   I4.VM   no.IE     30 iJ.eiv   116.3t     *« 

30 lt.bh   lib.4L      *»3 
50 15*2N   114. dt.      J\J 

DO lb.bN   113.3c     bu 
45 1D.2N   H3.Jt     DU 

45 lb.tfN   112.se     as 

24i?u0i   lb.7N   11J.6E 
24iAji.0i   Ib.VN   llJ.iE 

2bi,uutU 

2bi-huüi 
2bl20u^ 

2bi^uU£ 

Ib.^N lll.bt 

jOioh 112.lt 

ib.vr, ill.SE 

I(«<;N IH.'I'E 
IfioN 112.«it 

dS    l'.SN    110.Ot      30 

48 
13 

-3 
-10 

21 -lo 

0 
1' 

-3 
0 

16 
21 

u 
3 

36 10 

47 1" 

POSH           KINO 
*2.UN   ÜJ.9E     33 

OST 
40 

«160 FOSIT          KINO OSI ■ IND RCSIT         »M-u osi HIM 

J3.5N 122.3t 35 130 5 

l3.5N 
12.7N 

122.7t 
118.3t 

25 
40 

126 
230 

-5 
10 II *Z ---!- II ~ II iri — v- •i -; -- 

12.4N 
ll.6N 

119.1c. 
11/.9t 

40 
4U 

111 
158 

10 
10 --*- ~;:- -- -- -~ '.-'.- — rf- - -- '-'• 

U.5N 110.9t. 40 182 5 — — — .... — — — 
U.5N 
ll.bN 

118.9t IJl.4L 
33 
30 

38 
156 -18 

..... 
-~-i- .21 2* Z- --'.- ...... ~- — -• 

lU6h 120.4E 30 136 -10 .... — — — .-.- ...... *" "" —■ 

11.6N 
11.6N 

117.3t 
110.4t 

40 
40 

61 
109 

-5 
-5 ... *.. -—•- ~ II ~ ii'i -ZZJI — "I II 

13.0N 
13.2N 

117.Ot 
116.3t 

S3 
30 

40 
55 !■ 

JV.4N 
i".4N 

114.Ot 
113.Ot SI 149 

155 
5 
0 

13.6K 
13.if in-M 55 

«0 
184 in !! 

t3.8N 114.2t 50 80 0 14.IN 110.»t 45 159 0 14.1K 107.7E 20 304 .5 

13.9N 
l3.bN W-M 40 

40 
100 
120 :18 14. IN 

14. IN 
110.lt 
111.of it 191 

150 I --'- "-•*" "•- - —- 
14.6N 113.8t 33 68 -10 14 .8 N U1.3L 35 128 10 ..... 

*"-•■" "" ~" "~ 
15.6N 
16.9N 

112.2t 
Il0.4t 

63 
60 

43 
118 25 

«.7N 
11.3N 

loj.Jt 
107.it tl 274 

20 
30 :;■- — *• 1- ;; ;; 

16.9N 
18.4K 

110.lt 
110.4t 

60 
60 

116 
124 IS —*-■* II"*- 

m" " " ":- ■:~j: ~~~- - " 
16.0N 109«Ot 40 162 15 — .- — — — .... — — — 
18. 7S 10B.lt 30 231 10 — •- :::•: :- :: :: ::;: ---*- :: — :: 

  ;: ;; :: .... :::;: ;; ;; :: ::;: ... ^. -; :: :: 
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6.     TYPHOON DATA 

18004  5 JUl TO 1B00Z  6 JUL 

BEST TRACK 

POSIT WINn 

051R00Z 11»1N 112.*E 3o 

O60OO0Z U.6N l)!i*E 

POSlT 

St!$gK li:iN U5:?l 
061800Z   13.4N 111.7E 

O7OOO0Z   {*'SN U1.1E 
070600Z   15.6N 110.«E 

SHiNi 1»:» 188:21 
08OOO0Z   17.6N 107.«E 

H:l« 

30   11.bN   112.OE 

35   11.TN   111.4E 

111:11 
6(1   13.3N   lll.SE 

SS 11:38 Hi:!! 
83tt:8IMM! ?! 
6S 17.7N 107.7E 

& li:?H 181:31 ?S ii:iK J8i:5l 
081B002   19.1N   104.5E     40   19.2N   104.SE     So 

AVERA8E   FORECAST  ERROR 
«lEMX   HI6HI   ANSLF   ERRnR     ,,„ 
AVERAGE  MiGNITtJOrOF  KIND ERROR 

AVERAGE  »Us OF  »TND ERROR 
NUMRFR   Of   FORECASTS 

YPHQONS   »HUE   «11«^   O'ER   3SKTS 
WARNING     E4-HR     48-»R      72-hfi 

157NM  2»0NB 
IO4NM   96NB 
"JKTS  20KTS 

-HUTS -I3r!s 

ALI    FORECASTS 
WARNING      24-HR     4Ö-HK      72-HR 

23M«      157NK      £4UNM ONH 

JKTS   -1JKTS 
20KTS 

-1JKTS 

CTTYPHOON BILLIE 

0600' 13 JUl TO I80OZ 1» JUL 

BEST TRACK 

130*002 

mm 
140000Z 
140AO0Z 
141700Z 
141RO02 

150000Z 

H:H IS: 
18.SN 125. 

»:« 111: 
20.3N 125. 

20.9N 125. 

U:H 111 

IND KIND 
»E  40 

POSIt    » 
16.8N 125.OE 

IE  60 

SE  70 
■iE  85 
*E 100 

3E 115 

KM 

18.SN 125.IE 65 

ll:iS iii-.ii ?§ 
20.2N 125.4£ 80 

21.IN 125.3E 110 

ifciN 13:31 11? 
151RO0Z 23.IN 125.?E 105 23.2N 125.0E 110 

1600002 
1606002 
161?OOZ 
161RO0Z 

23.9N 125, 
24.6N 125, 
25.6N 125. 
26.6N 125. 

5E 115 
7E 120 
4E 120 

23.8N 125.2E 100 
24.6N 125.2E 105 
25. bN 125.7E 100 
26.«N 125.6E 100 

\mil I5:SK \&M m 5J:iW 1Ü:8I US 
man 
USSIIB 
UUHIi 
1900002 

§!:?K III: 

ii:W lit: 
»:tS Hi: 
35.1N 122. 

"5E 105 
*E 100 

:« II 
OE  50 

29.2N 125.2E  95 
30.2N 125.3E  90 

ERRORS 
2:4 HOUR FORECAST 

fÖTtl 
52 

ii 
ii 

« 

KIND ,  POSIT    »IND 
5 19.5N 1?2.1E  70 

1 i2:St 18:ü W 
5 21.2K 124.2E  80 
0 iZ.Ot, 1S4.9E  80 

-10 ?I.«N 1?4.9E  ?0 
-20 23.2N 1?4.9E  9b 

24.ON 1?4.6E 135 

:18 H:tt l?J:tf ISS 
S 86.ON 1?3.7E 100 

0 26.6N 1?4.9E  9f 
-10 Z7.8N 1?4.7E  95 
-20 ie.BK 1J6.2E  90 
-20 J0.5N 1P5.2E  90 

:i Hi:» 1»:SE 9! 

JRROBS 

39 

21 

101 
155 

4a_aSjjH_tas£tAsi. 
ERRORS 

OST' «jNU 
33? -|o 

POST! WINO 
22.6N   119.»E 80 

3« i&E iil:li U 
-35 24.IN   123.JE 90 

-5(1 24,eN   124.IE 90 
-30 24.4N   123.«t 95 
-10 26.ON   124.Ot 95 

35 26.7N   123.8E 130 

-18 IHK \im 'Ü 
-20 ?£.'9N   12?.2E BO 

-20 29.EN 124.Zt 85 
-11 30.SN 124.3t BS 
-IS 32.IN 126.OE 80 
-10 33.7N 125.7E 80 

-8 36vSN   123.9t     55 

7y II. ni R  ff"f«l 
ERRORS 

iJ:*R 115:31 ?S ^-.il -^:2" U*:?£ 5S **»   5 

iJ:!Klii:?E to»   ft :l :::: ::::-"   ::   :: 
34.9N   120.8E     SO       60       0     --.-     -...- 

POSIT 
25.«It   117 

■its 

-es 
15 

■ii 
-20 

0 

iS ::: 
25     —. 

,3E lb 

il:« lt?;ii i§ 
27.BN 122.6E 111 

mi iiirii %t 
28. Tin 123.6E fb 

29.SN 123.7E 115 

5«:» til:?i 'is 
31.SN 121.(E bb 

32.8N 123.8E lb 

WÜNü trsT 
450 

1Ü 

»IRO 
80 

TYPHOONS WHILE K1NU 0»ER 35KTS 

AVERAfiE FORECAST ERROR 
AVERAGE glgHT ANSI-F ERROR  „„ 
AVERISE MUSNITUOE OF »INO E««OR 

AVERAGE GISS OF KIND ERROR 
NUMBER OF FORECASTS 

NARNING 
20NK 

2i-HR  48-HR 
7$NH  151NH 
fclNH  123NH 
18KTS  S«K!t 

-UKTS -lOKlS 
20     16 

72-HR 
210NM 
171NH 
3JKTS 

.16KTS 
12 

ALL FORECASTS 
WARNING  ?4-HR  48-Hfl  72-HR 

20NH   79NN  lSlNH  210NM 

-1OKTS 
20 

.1QKTS 
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.TYPHOON 

0600* 1« JUI TO 0600Z 20 JtL 

BEST TRACK »ARMNg 

POSIT  KIWI  POSIT  KINO 
14OJ.O0Z 17.2N 114.6E 35 17.3N 112. BE 30 

1«SJW H:W UX'M  M H:i» !.*:£ IS 
I50000Z 17.6N 113.*E 
150S002 18.IK 1I3.5E 

45 17;5N 113.8E 
55 18.IN 113. «E 

Ü1S88I .1:38 18:51 *« IS:*» 113:31 
I60OOOZ 19.4N 113.»E 
1604002 20.3N 113.7E 

71 19.2N 113.3E  71' 
81 20.4N 113.5E  75 

iSl »883 il:a Ht:Hi ft i]:U HI:Sf »8 

1918002 31.ON 127.?E 

2000002 32.6N 126.6E 

2004002 34.8N 126.IE 

TT5T 
103 

1700O0Z 22.7N 114.7E 65 22.6N 114.4E 50 
I70600Z 23.5N IIS.'E 4n 23.7N US.IE 35 

118288? latS» tiW! 38 |g:l» |?i:H IS iji 
191*002 29.6N 127.IE 3n 29.BN 127.OE 30 ^F 

I 13 13 

3n 30.ON 127.OE 

25 32.ON 127.IE  35 

25 34.7N 126.2E 25 

J?g0 -5 

-15 
-5 

2t_aaufl FnBFri«jT 

61 
25 

PCSIT HIND 
19.31»   111.BE     45 

IS ig:tt Hi:?! ii MfciS 
U.2N   112.7E 
i9.7h   112.5E 

-8 *l:tt \\l:U S 
20.7N 
«3.0M 

112.5E 
113.3E 

fest m-.n ti 
10     --..      .- 

10     --.« 

Q      --.-       ..... 

IffiJ 

25 
20 

31 

46  HOUH  FORECAST. 

fOSIT 

72 IHOUR  RCHECAST 

H '8?äi> 
20.IN 110.BE 
21.7N 111.2E 

-10  --.-   ,■ 
5  ....   ,. 

UJ 

835o 

MSBPS, 

TYPHOONS »MILE KINO 0»ER 35KTS 
KARNIhG  24-HR  4B-NR  72-MR 

25NH  123NW 
ISNP   7»N* 

AVEOA6E «AGNITUDE IF KINO EHHOR 
AVERAGE BIAS OF KIND ERROR 
NU*«FR of FORECASTS 

f|6NH 

6KTS 
-4KTS 
19 

1BKTS 
-6KTS 
11 

NN 

BKIS 
-3K'S 
2 

ALL F0REC»STs 
HARNTNG  34-HR  4Ö-HR 

-ttB 
»HS 
um 

?ISÜS 
ORT 
0 

18002 17 JUI TO 0600Z 29 JUL 

KARNING 

'    -l"n ^, fOSjT    »INI) 
39.IE  50 21.IN 139.IE  30 

BEST TRACK 

POSIT    KINO 
171B00Z 21.7t! 139.IE  50 

1800002 22.3N 13a.BE  65 22.ON 13B.8E 55 

IHS80Z H:H MM  M Si:£K läl:!i »5 
181O002 23.SN 138.IE  85 23.UN 137.9E 7(1 

I9OOO0Z 24.SN 138.?E 100 24.4N 138.OF 100 
190400Z 25.7N 138.IE 105 26.ON 137.9E 100 
191700Z 26.9N 138.4E  9n 26.?N 138.3E 9b 
191O00Z 28.2N 138.4E  8n 2B.3N 136.4E 95 

2000002 29.5N 138.?E  65 29.3N 138.3E 75 

185588z 3.:K 18:11 n 3?:,1« W:?I 8 
201500Z J1.9N 136.7E  5n 32.4N 136.4E 45 

210000Z J2.2N 136.5£  So 32.ON 136.4E 40 
21O6002 32.2N 136.3E  45 32.UN 136.5E 20 

ilKSK 38:!» Hi:« IS 18:« läl:!i Ü 
231X002 30.IN 130.«E  30 30.1N 130.8E 30 

ISMz 38:gö W-Al 38 38:iK Will 38 
iiUMi fl:!8 til:S|  38 3?:.K il?:li 38 
2500002 J1.7N 129.6E  25 32.ON 129.5E 25   19 
250AO0Z 32.2N 129.9E  20 32.3N 129.5E 25   21 

28O*00Z 32.5N 137.IE  45 32.ON 137.2E 40    8 
2817002 33.3N 137.5E  35 33.JN 137.4E 40    5 
281HO0Z 34.IN 137.SE  25 34.ON 137.4E 40    8 

290000Z 34.6N 137.7E  25 34.BN 137.5E 3u   19 

föirl» 
IRORS 

48 HOu« FORECAST 
— " f »ORS 

15 

10 

5 
-10 
-5 

ß 

33 

36. 

137.5E  90 
I37.5E  90 

5N 137.9E 

8N 138.OE 

'.it°     . F0S,T 

■25  29.2N 136 

:?i SSsfB U2: 
36.ON 135 

ISS 

8 3i:SSl?7:Sf §§ 
0     3o.9N   176.9E     35 

8 J!:2H iW.il 11 (ilil I " 

lo 

-10 

31 »|N   13i 
34.IN  13' 

15     --.- 

5    --.- 

72 Hl»   MRECAST 

ROSIT 

^^   136.4E     80 

«f.   134.5E     75  1103 

iRORJ 

M1M0 —    / 

cJ 

3Q   Z 

25 i 

—        y 

--        fr 

AVERAGE KOHECAST FflROR 

»VEPAGE »HÖHT *hGLF ERROR  ,  ^ 
AVEPAGE »AbNITUOt OF WJMO E«HOfl 

TYPHOONS »HUE KINU 0»ER 3SKTS 
WARNING  ?4-HR  4B-HR  72-HR 

17NH  135NM  201N"   55NH 

3N»   onNM  116N0   53N». 
6KTS  lOKTS  25K!S  30KTS 
|KTS   AKTS  2gKlS  3QKTS 

ALL FORECASTS 
WARNING  24-HR  4B-HH  72-HR 
   135NH  201«M   55NN 1TNK 

6KTS 
;g*TS 

98"(_ U6^^ 1»KTS 2: 

lK,S  lJK 
iaKTS 
25KTS 

30KTS 
30KTS 
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<ff?PTOni» GEORGIA^! 

ObOOl   09 AUP TO 18002 12 »US 

BEST TRACK 

POSH    »IND 

»ARU ING 

HOSIT KIND  tlStr^p? 

mm B:?B WM 58 «:« HS:ti 88 V? 
091800Z 19-5N 114.RE  55 19.UN 114.9E  60 

100000Z 19.5N 114."E  60 19.3N 113.8E  60 

mmi »:» HI:« fi 13:3N H3:tE £ 
1018002 19.IN 112.?E  70 18.9N 111.9E  65 

65 
65     { 

5>A   HOnR  FORECAST 

POSIT WIND •tBsWfilND 

" "ni|B Fi)nrr4<iT » '"111"  BOBf r>ST 

11« «:S8 H1:2I ?g »:ia 111:11 
HÜ882 «:« lH:Si II K:»B »1:41 

118688? ?8:?K 111:5| 18 iI:fH Ml.fE St-    'I  «i 
12.J200Z 11-TN 110-56 35 21.8N 111.Ig  45   18  10 
121800Z 22.5N 110.TE 31) 22.SN 110.7E  40    0  10 

i?:.« 111:21 18 
19.7N   111.3E 55 

19.1N   U0.2E 55 

i!:ffi Ul'M ti  IS* 
18.9N   108.IE 40     197 

tt:ft I8*:ti ♦! 15! 

AVERAGE FORECAST FOR0R 
AVERAGE RIGHT ANGLE ERROR 

AVERAGE gASNITUOE 0F WIND ERROR 
AVERAGE BIAS OF WINÖ ERROR 
NUMBFR OF FORECASTS 

TYPHOONS WHILE KIND 0»ER 35KTS 

WARNING 24-HR 48-HR 72-HR 
17NN II4NK 255NH ?79NM 
12NM   96N"  225NH  J43NM 

5KTS  15KTS  17KIS  Z5KTS 
1KTS -12KTS -17K75 -25KTS 

7      1 
1KTS 

15 

ALL FORECASTS 

WARNING  34-HR  48-HR  72-HR 
1?*H  H4NN  255NN  279NN 
13NH   96NN  225NN  243NN 

5KTS  15KTS  17KTS  25KTS 
1KTS -72KTS -I7KTS -2SKTS 

0600* 10 AUG 10 1200Z 17 «UG 

BEST TRACK 

POSIT NINO 
1006002 21.3N 130.">E 35 
1012002 22.2N 131.»E  40 
101800Z za.en  131. IE 45 

1110002 23.2N 130.»E  55 

Uli« !U:Si n 
ää:!B 131:41 ?i 
23.3N 131.TE  80 
23.4N 132.OE  85 

WARNING 

H 06002 
IB002 

1182882 
111288? 
1300002 
13OAO02 

POSIT 
21.6N 130, 
21.8N 130, 
23.«N 131, 

23.4N 130, 

i3:S8 118: 

I1:SK HI: 
!1:SH HI: 
23.4N 131. 
23.2N 131. 

WIND 
,8E 30 
,8E 40 
,0E 50 

,7E 50 

,6E 50 
,8E 50 

:tl il 
:1I 78 

6E  75 
6E  85 

„ERRORS 
05T1WIN0 

13)2882 SJ:8 I3S:3E  %l 
24.8N   132.?E      80 

8:«m:Ti ?i 
UOnoOZ 

mm 
141R00Z 

isonooz 

\l1Mi 
1510002 

160O002 

itmti 
161P002 

170(1002 

HtSlfi 

24.UN   132.2E     85 

27.3N   130.3E 65 

28.IN   129.4E 70 

1I:§M llf:?E ?i 
29.8N   126.«E 75 

30.3N   126.IE 70 

Jz:!fi lli:f| IS 
33.9N   124.RE 50 

35.3N   125.4E 45 

äJ:i8 111:51 IS 

Ü:» 13!: 
27.6N   130, 

II  ft 
6E     80 

:IE  i§ 
28.4N   129 

H.2H li§ 
29.7N   127 

30.2N   126 

H:»,SWf S UJ-il 
33.3N   125.5E     55       50       5 

35.ON   126.IE      55        39     10 

IS:?« \il'M  Is    11   'I 

24 HOUR FORECAST 

POSIT    WINO 
2S.3N 130.IE  50 Il26 

26.2N 129.3E  70 |202 

26.IN   128.9E      75 

ü*:S ,5.:Ii ?! 

Sl:M 11WI ?1 
ii-M 138:11 38 
24.9*   130.6E     9O 
*4.SN   130.9E   105 

2,5.1«   132.« 
26.ON   152.2E 

48  HOuW  FORECAST 

'POSIT WIND ' 

5     *7.4N   131.8E 

18 
15 

!l:W 13J:?E II 
■•2.4N   130.2E     60 

0     43.2N   128.OE    «5   1198 

»2.5N   124.IE     *5  I   91 

J3.6N   123.OE     45  1156 

is.» \mi n \m j 

72 IMOUR POHECAST 

BOS IT 

,8«   133^3E    80 I.54S 
,6N   121w3E     BS I.«7« 

-SH   122<0E    SS 1.613 

:iS tii-Ii IS «tt 

:!» Hs;li 18 »i 
■M 151:11 188 M! 
.«N   127*2E    «5    I 78 
,3N   127.4E  100   Jl38 

:Sm:fE fi/iS 
,3N   130.2E     45  1265 

:SI tl!:?l 31 i§8i 

WARNUG     24-HR     *B-"R 

smsssf R?s„T*.^EFB?„Rn» 

A«iiS8i StXS'SF°Si!lS ?MSREHK0R     -IRII 
NUMBER   oF   FORECASTS 29 

UlNM 
97NM 

'SHI 
2S 21 

1«?5 
17 

ALL FORECASTS 
WARNING  24-HR  40-HR  72-HR 

24NN 
Ii'-■• 6KH 

141NN      ?65NN 
?7NM      153NH 

3"» 

328NK 
1S7NN 

21 17 
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PON LüulSfc. 

0U00'  3 SEP TO 06O0Z  7 SEP 

BEST TRACK 

POSIT    WIND 

2« HOUR FoRtCAST 49 HOuH FORECAST 72 iHOUR F-OflfcCASl 

8111885 ii:W ,i»:Si »8 il:» HfcSI 
040(1002 19.IN 119.»E  45 19.IN 119. OE 

040SOOZ IS»3N 118.7E 
0417002 19.SN 118.IE 
041B00Z 19.7N 117.?E 

05OO00Z 19.9N 116.J>E 
0506002 19.9N iiS.of 

toimi »:« HS:\I 

8S8SS8$ it:SR HI:« 
mim ft:« mm 
mwi 18:1» 1SI:SE 

IBSTYWIND POSIT WlNO 

"   "I  H-M 111:51  7i 
13 fi:tt l!?:li S 

5n 19.4N 11B.6E 
50 19.8N 11B.ZE 
55 19.9N 117.2E 

III, 
7l »:» 115:11 

It SU:» Hf:JI 
18 li:W Uf:ü 

IS 11:% M?:tf 

pSHSS 

19.AK   116.6E     60 

tfi.1t. 116.«E 
^l.SK 116.3E 
<=1.1K   11».2E 

£2.5K 

ii:?!! 

US:!! 

12   1!:S« H?:el 
?5o  ioüK llg:!i 

rüWWg0 

-5     20.6N   lU.Ot     65     102 
■10 
•lo 

5 

15 

21.5N m.»t 
23.4N 114.2E 
22-fN   ]11.7t 

45      265      j5 

20      2i:?N   lÖS:It      45 

:;y 

is 
*N 1 

*tf 1 

«N   1 

U;7E 35j 334 

12.IE 351 234 

ll.eE     301   31 

■25 i 

•?0 fc 
— 7 
"- t 

:- <? - ;c 

AVERAGE FORECAST ERROR 
AVERAGE RIGHT ANSLF ERROR 

AVERAGE MAGNITUDE OF HIND ERROR 
AVERAGE BIAS OF HIND ERROR 

NUMBER OF FORECASTS 

TYPHOONS WHILE WINU OjEft 3SKTS 
WARNING  24-HR  48-"R  72-HR 
21«»  I04NN  225NN  294NM 
14NK   71NH  180NH  173NM 

6KTS  1JKTS  17KJS  23KTS 
3KTS   «KTS -17KIS -23KTS 

18 14 

ALL FORECASTS 
WARNING  24-HR  4Ö-HK  72-HW 

21NN  104NH  22DNM 294NH 
14*H   71NH  180NN 173NH 

6KTS  16KTS  HKTS  23KIS 
3KTS   6KTS -17KTS -23KTS 

18     14      1 3 

<TYPHQQN  HARGEJ 

00004 1? SEP TO 1BO0Z 14 SEP 

BEST TRACK .SiB^ittÜ 

POSIT    WINO    POSIT    WIND 

1188885 l?:?« WVM 1% WM WVM 3i 
tilltSi 18:*M Ul'M It 11:21! 1H:8I Ü 
130000Z   18.6N   II*.TF     60   18.8N   114.7E     60 

littst! 11:» 111:51 It l,:3» lli:II tl 
1310002 19.0N 111.0E  80 19.ON 111.1E  85 

140000Z 19.2N 109.RE  60 19.4N 109.5E 
140600Z 19.4N 108.»E  40 19.3N 108.2E 

ItHM. 1?:?« lil'M Ü 2?:S8 185:8I 

-   FPP , ERRORS 
Bi'KwiND    POSIT    WIND 

■8 ii:?K M:li %\ 
% fl:ilt llf:*i H 

21 
34 

33 

21 
34 

0 *0.flN   110.8E 70 

'8 &2B ttl-M 18 
b 19.9N   106.8E 60 

S, ....      .- — 
lb --.-      .- 

:J5  T5*8N TIT 

18  H:1K 183 

4a HOuR. 

POSIT WIND \Kl>?NÜ 

6t     65 

IE  IS 

a 
7ZIH0UR  FORECAST 

POSIT 
ESRORS 

tTTSTSwTKD 

j5     - 

WIND 

::\:: 

TYPHOONS »HIUE VINO OVER 35KTS 
WARNING  24-HR  48-KR  72-HR 

"VERAGE E9BECAST ERROR 18Nf   77NH  224NH 
AVEBASE RIGHT ANGLF ERROR IONP-   67NH  I66N" 
AVERAGE MAGNITUOE OF WIND ERROR     5KTS  llKTS  22KlS 

AVERAGE BISS OF WIND ERROR 
NUHRER OF FORECASTS 

2KTS  -3KTS -5K!S 
3 

8» 
OKTS 

OKTS 
0 

„ .  ALL FORECASTS 
WARNING  24-HR  48-HR 

1BNH 
I0NH 
5KTS 11KTS  2<!KTS 

-3KTS  -5KTS 
8      J 

ONH 
ÖNK 
OKTS 

80 



0000*  ? OCT TO OOOUi 10 OCT 

BEST  TRACK 
n ERRORS 

KIND   JEffTVlNC POSIT           KIND          POSH .   . 
02OO00Z   U.4N   135.V     30   ll.»N 135.3E 3D 
0206O0Z   U.4N   134.*E     3o   1I.7N 13*.TE 30 

imnl H:tB 131:71 J§ 11:*» Hi:»! $3 

838SSII 11:SS m:il iHt-lK 111:11 §8 
811«88z" il:« i!!:Ü *! H.lK 111:11 II 
04OO0OZ   11.«N   131.TE     7o   lWlN 131.2E 75 

8iiü88S 11:» 131:3 ft U:!N Hl:li ?! 
041800Z 13.ON 131.3E  SO 12.8N 131.IE 80 

O50OOOZ 13.4N 130.TE  90 13.«N 130.6E SO 

HISSM lfc!B 18:41 Us Rifl li?:?i m 
051H00Z 14.SN 128.AE 145 14.ON 128.7E 145 

060000Z 14.7N 127.TE 160 1*»»N 127.K 160 
060600Z 14.BN 126.5E 150 14.8N 12J'3f 15§ 
061700Z 14.8N liS.AE 1*0 14.9N 125.7E 1«S 
061R00Z IS.IN 124.»E 130 14.9N 124.5E 140 

070OO0Z 15.6N 124.?E 12n 15.JN 124.26 140 
070S00Z 16.3N 123.SE 115 16.IN 123.4E 135 
O71700Z 17.IN 123.OF lln |7.2N 123.OE 125 
0718002 18.0N 122.5E lOO 18.IN I22.6E 125 

OBOOOOZ 1S.8N 121.7E  90 18.7N 121.8E 95 

mml 1WB ffl:H ft Hit» lil:!E ?J | IS 
081BOOZ 20.4N 120.KE  75 20.bN 120.OE 65 

09O000Z 20.BN 119.TE 70 20.bN 119.»E 70 

mml &M \mi » U:III H?:il H 
091ROOZ   22.9N   119.OE     65   23.ON 119.IE 75 

100000Z 24.ON  118.4E     65  23.bN 118.7E 70 

10O600Z  25.2N   117.7E     40  25.3N 117.7E 50 

PCSJT KIND 
12.4».   112.7E     50 
13.11»   131.5E     50 

RBCBS 
ICSTIkMO FOSlT 
/   99 I     0     —. 
I 143 I  -5     —.- 

4fl   HOt,H   KIHECAST 
3 " " ~TWJ0RS 

1?        i      ii'^   l?9.8E     70 I  IB}!   10      13.7N   126.9L 
25        5      12.nf.   129.3E     80      Ibli   IP      12.7N   12h.lt 

0 tl.?N 111.5E     70 
-5 11.3N 131.4E     70 

-S (US'- 130.9£     75 
15 Ü.5K 179.OE     85 

5 11.4N 177.4E   100 

I H:Jk 18:!E 'SS 
0 13.6t. 178.9E    95 

10 13.5N 127.6E   100 

-I ij:8 l?*:?l Hi 
0 16.3K 175.BE 120 

1U 15.PN 174.3E 145 
6 15.2K 173.5E 140 
5 15.4K 121.7E 120 

10 15.31. 12U.2E     90 

[28 

17.4K   121.4E   HO 
17.BK   120.8E     70 

9E 100 

il.lt.   120. OE 80 

ü &» wm ?8 
10  i3.ON 117.4E 45 

0  Ü1.9N 118.BE 75 

|  22.7K 118.OE 65 

10 --'.Z     -Z.'.- 

5 -..-  .- 

10 -..-  — 

0 11.3N 127.Of 65 
0 ll.SN 127.»t 65 

0 11.5N 127.'t «0 
5 11.7N 125.Jt 45 

10 ll.SN 121.it 70 

:M IS:!» Ii8:*£ Hi 
50 13,5N   125.it" HO 

60 13.(H   123.ft 90 

■25 14.7N   12?.it 120 
15 16.6N   124.lt I is 

■in 17.IN   127./t 115 | 

25 16.*9N   120. Jt 90 

25 15.EN 119.3C 90 
10 16.2N 117.»E «0 
10 I5.6N 116.4t 90 

20 1S.SN llR./t 00 
10 20.IN 118.lt 60 

25 25.ON 123.it 65 
25 25.-9N 123.ot 65 

10 23,3N   118.ot 10 

20 23.6N   lU.tE 35 

11 iHOuP   FCKtCftSl 
 * —-   jKflOBS 

m 
2 

90 

40 
■A» 
io 

-30 

5 
5 

15 

AVEPUGE  fOHECJST  FB«0R 
•VERA6E   KISHT   «hGLE   ERROR 
*VER«6E  HA6NITUDE  OF  KINO  EHHOR 
«VERAGE GI»S OF KIND ERROR 
NUMRFR OF FORECASTS 

TYPHOONS KH1LE KIND 0»ER 35KTS 

KARNIN6  24-HR  4B-gR  72-HR 
17»?  104N«  192N»  ?6?»M 
10NK   77NM  156N^  218NH 
7KTS  luKTS  ZOKlS  38KTS 
3KTS  -1KTS  -9K!S -22KTS 

34     30      4     20 

ALL FORECASIS 

KAfiNING 74-HR  4B-HR  72-HR 
17KM 104NH 192NM  267NH 
105H 77NI« 15oNH  218NH 
7KTS 16K1S  20HTS  38KI5 
3KtS -1KTS  -9^TS -22KI5 

34 30     24     20 

lYpHQnN   OP«, 

12|)0i  4 OCT TO 0600Z  8 OC 

BEST TRACK KABMH6 

POSIT    KINn    POSIT    KIND 

8J1H88Z 11:» W:'4 U 11:5» H):tE U 

818288z li:I« 111:41 I5 li:fS lihil it 
811,882 ii:IK H1:.I U 1S:!M ll§:if IS 

24 HOUR FORECAST 

060600Z 13.4N 112.4E 7s 13.6N 111.81 
061200Z 13.6N 113.0E 7n 13.bN 111.7E 
061HO0Z 14.0N 112.5E 7o 14.IN 112.7E 

070000Z 14.2N 111.7E 75 14.3N 112.*E 
070600Z 14.3N 111.IE 75 14.2N 110.7E 

ERRORS 
miKIND POSIT KIND 

!B\:18 ii:atM:iE ® 

70 
75 
7S 
75 

7S 
75 

mm it:iB m-M u n-x wtii n 
OBOOOOZ   14.3N   108.RE     45   14.2N   109.4E     65 

18 

it 
8 

37 
76 
13 

4^ 
8 

70 

30 

8 il:K UJ:if II 

»3.5K 111.3E 
i5.IN 110.9E 
15.31s 110.7E 
»5.3t.   1I1.7E 

15.0».   110.4E 

.1 
20 

DND 

-1 

48  HOuH   FORECAST 

FOSlT KlhO 

§    i4:iN Töniit   35 

-10 

n 
0 

16.2»   107.IE 

If:» IK:II 
14 .-«N   10R.9t 

PcsiT        «tM>    isTVmc 

TYPHOONS »»HUE WINU 0*EB 35KTS 

AVERAGE FORECAST ERROR "ISNÜ
6 |8NK

R
 1«5H" 

«WERA6E HI6HT «N6LF ERROR 12NF 62NH   89NM 
AVEOA6E «»6NITUDE OF KINO E««OR SKTS 12KTS  27KjS 
AVEUA6E BIAS OF KIND ERnOR 1KTS ftKTS -llKlS 
NUHRFR OF FORECASTS 15 11      5 

ON» 
OKTS 
OKTS 

ALL FORECASTS 
KARN1NG  24-HR  4Ö-HR 

26KH   qgNH  17INM 
72-HR 
ONH 

12hK   S2NH   89NM 
5KTS  VJKTS  27KTS 
IKTS  .6KTS -HMS 

ONH 
OKTS 
OKTS 

15     11      = 0 
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«f^TvPHOON   PATSY.J 

0600*  6 OCT TO 06002 IS OCT 

POSIT 
12.9» 142 

12.9N 14 
12.9N 14 

0700002 
070ftOOZ 
071?O0Z 
071K002 

2» HOUR FORECAST 4B HOUR FORECAST 72 IHOtH PCSECASI 

POSJT    Uli 
ON ItO.lE 

6N   1*0.8E 
AN   141.3E 

sgft!1 

IS 139.5E SO  1*1 
5N 138.5E 70  |*5 
ON 138.2E 70 / SO 
IN 137.3E 70 / »7 

SN 135.SE ss 

IE iilrli K 
6N 135.IE  90 

*N 132.5E 90   55 

... Ai-Ai m .. 
Oh 129.3E UO   I 71 

*N 178.1E 160       «5 

2N 126.8E (60 
*K 125.3E 120 
3N 123.5E 120 

11; 1»:!E M   *8 
2N 118.IE 65 ■s 4JJ t: 

ORS 
HMD 

-35 

SO 

ni 
65 

se 
60 

POSIT.        WIN 
5.3N   137.6E     5 

4,7N 138.7| 
4.2N   139.*E 

Sj3N 137.4E 
3.9N 136.uE 
6.4N 136.3E 
7,SN   13*.«E 

B 
,8N   13?.JE     95 

rfBH5:ii 38 
;2N  137.9E    95 

7.6N  130.2E   100 

4:18 HfcSi HI 
8.7N 127.0E 110 

9.SN 125.6E 145 

0.0N   12.3.5E   145 
O.JN 121.rE no 

»38 \W.tt    4Ü W  »8 
24.6N 117.7E  25  629  .5 

1212002 

1312002 

1318002 

140000Z 

TYPHOONS »HIl E KIND 0»ER 35KTS 

"INK6 15NBB 2tlsGB 3llSBR 

1*NH        37NM      122NH      170NM 

fflSWk «»»WSiSE KW"0"      !&?§  fjRH  »Hi!  «SH 
NUMHFR OF FORECASTS 29     22     21     17 

AVERAGE FORECAST ERROR 
»VERAGE K16HT ANGLF ERROR 

ALL FORECASTS 

"Ams im* iiw* 3?isB" 
14*N        37NH      122NM      170NM 

nil nm 3im 
29 22 2l 

♦äRH 
17 

(TYPHOON  RUTH 

1200* 11 OCT TO 12002 19 OCT. 

24" HOUR FORECAST 
ERRORS 
nST KIND 

mim 
1200002 

POSIT HINO 

U:tt Ul:il il 
U.?N   133.6E     65 

il:» HtrSI  SS 

*B   HOUR   FORECAST 

is 
10 

s 
0 

15 

Is 
10 

10 

s 

107.2E     70 

POSTT KINO 

ttäSH?:*! ?8 
1-5.9N   13o.it 80 

KdN 13WI »J 
16.'2N  126.uE 65 

1-S.SM   123.2E 75 

B:1B 18:11 38 
16.ON  123. If- 85 

17.2N   120.=E 50 

{HZ HJCüE 18 
1-5.7N  117.JE 55 

75 
65 
65 

16.ON   105.aE     *0 

17.«N   104.HE     20 

•10 
-IS 
-10 
-5 

14.'9N 
1S.8N 
l7v9N 
18.8N 

116.OE 
114.rE 
11*.JE 
112.6E 

-s 17.2N 117. t£ 
•s 

-10 
-10 

17 .en 
19. IN 
l-e.JN 

im »it 
109.bl 
10«.bE 

162 

110 

97 

1« 

19« 

116 

ilX 
109 

17» 
100 
13? 
12? 

18 
3o 

fa 
0 

5 
T8 
is 

-to 

■Is 

■»5 
'IS 

■To 

*i ■10 
To 

■1o 

-as 

RC 

If:» 
17. ** 

that 
16.8k 

17. *N 

Is:!* 
16.9N 

18.IN 

ll:tt 
16.9.N 

15.6N 
17.OK 
20.ON 
20.SN 

18.ON 

IMS 

72 IHOLR PCHEC 

SIT           USNO   fD 

190:11 tt/fB 
126.7E «Ol   206 

1»:1E ibf ill 
122.7E 751    1*2 

119.7E 551     98 

USrSI iS\ili 
120 .i3E 55 

116.8E 65 

115:11 18 
1M.4E 60 

112.7E 60 
110.7E 65 
110V9E 65 
109,6E So 

lOE.OE   .70 

tthiE 

AVEBAGE tOKECAST FRROR 
AVFBAGE RIGHT ANGLF ERROR  , 
AVEPAGE HAGNITUOE- "F KINO EHKOR 

AVEOaGE BIAS OF KINO ERROR 
NUMHFR OF FORECASTS 

TYPHOONS »HUE HIND 0»ER 35KTS 
WARNING  ?»-HR  48-HR  72-HR 

R*NH 19NK 
I2NH 
7KTS 

R*< 

13KTS 

3KTS 
29 

»wse 
16K<S 

-3K<S 
2* 

ALL FORECASTS 
WARNING  2«-HR  *o-HH 

19NH   H*NR  lg6NH 

SKIS  16KTS  19KTS 
■loHR 
19KTS 

2KTS 
29 

-OKTS 
21 
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ANNEX A 

SUMMARY OF TROPICAL CYCLONES 

IN THE CENTRAL NORTH PACIFIC 

1.  GENERAL RESUME 

Fleet Weather Central, Pearl Harbor, 
issued warnings on two tropical cyclones in 
1973 for the Central Pacific as shown in 
Table A-l.  Warnings were coordinated with 
the Central Pacific Hurricane Center, Hono- 
lulu, and the Eastern Pacific Hurricane 
Center, San Francisco, in accordance with 
the National Hurricane Operations Plan. 

TABLE A-l.  COMPARISON OF CENTRAL PACIFIC 
ANNUAL WARNING AND CLIMATOLOGY DATA 

1969 1970 1971 1972 1973 

TOTAL NUMBER 
OF WARNINGS 0 27 19 76  43 

CALENDAR DAYS 
OF WARNING 0 8 8 21  13 

TROPICAL 
DEPRESSIONS 0 1 1 0   1 

TROPICAL 
STORMS 0 1 1 3   0 

HURRICANES 0 1 1 1   1 

TOTAL 0 3 3 4   2 

2. INDIVIDUAL CASES 
1 

reported.  The ship managed to clear the 
storm and continued to Panama after de- 
ciding not to return to Honolulu with Coast 
Guard assistance. 

After the slowdown, Doreen accelerated 
toward the westnorthwest attaining 85kt 
winds near her center.  She passed 300 miles 
southsouthwest of South Point, Hawaii on 
the afternoon of the 30th. 

On the afternoon of the 29th, nine-foot 
ocean swells and three and a half foot surf 
generated by Doreen were observed at Kapoho, 
the easternmost town on the island of 
Hawaii. 

On the afternoon of 1 August, a weak 
Doreen passed 100 miles north of Johnston 
Island.  Doreen dissipated under an upper 
trough two days later as she crossed the 
International Date Line.  No damage was in- 
curred at Hawaii or Johnston Island. 

Beginning as a weak cloud circulation 
seen by weather satellite on 28 September, 
Katherine, the second and last Central 
North Pacific storm of 1973, developed over 
the warm waters off Panama in the same area 
as Doreen.  However, Katherine did not fol- 
low the same path.  She moved towards the 
northwest, intensifying to hurricane 
strength on 1 October, but then curved to 
the southwest between 120 and 125°E longi- 
tude. 

Weakening to tropical storm strength, 
Katherine turned to the southwest on the 
3rd.  By the 6th, she began to follow a 
more westerly course near 13°N 130°W, dissi- 
pating a few days later 600 miles eastsouth- 
east of the island of Hawaii under a cold 
upper trough. 

Two tropical cyclones •»entered the Cen- 
tral Pacific from the east during 1973. 
Both Doreen and Katherine were fully devel- 
oped hurricanes in the Eastern North Paci- 
fic before crossing i4ÖäW longitude.  Only 
Doreen was still of hurricane intensity 
upon entering the Central North Pacific. 

Doreen, the first hurricane of the year 
to invade the Central North Pacific, was 
first located on 16 July by weather satel- 
lite near 10°N 101°W over the warm waters 
off Panama.  Throughout her life cycle, 
Doreen followed a path strikingly similar 
to that of Hurricane Celeste of August 1972. 

The small storm rapidly intensified to 
hurricane strength as she moved westnorth- 
westward toward Hawaii. On the ninth day 
after detection, about 800 miles southeast 
of Hawaii, Doreen weakened to a tropical 
storm, .turned to the southwest, and decel- 
erated. 

On the afternoon of the 27th, the 144- 
foot Greek ship, CORNELIA, sailed into the 
storm's path and sent out an emergency call ^^^^^■^^^^^^■Bipa*»"^*' -««v 
for help when it lost its rudder while r^S^^^^^^^F^T^^^t,***7 

being lashed by 50 kt winds and 35-foot FIGURE A-l. T^op-Lcal StoHm Vo*.e.e.n 
waves.  A sea level pressure of 971mb was J"£</ "73, 2149 GUT.   (PMSP -image/it/) 
1Report submitted by Meteorologist in Charge, NWS Forecast Office, Honolulu, Hawaii. 
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3.     HURRICANE TRACKS 
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CENTER FIX DATA - HURRICANES 

HURRICANE DOREEN 
Fix POSITIONS FON CvCLONE NO.  4 

0600z la ^IIL ro ooooi uj AUG 

FI* 

NO.   TINE 

I  I716S9Z 

1 mm. 

f it!«« 
9 221/412 

2310072 
231«362 
241737Z 
2417372 

242*067 
2509302 
2518302 

12 
13 

14 

I! 
17 
IB 

3 

260*232 

l?|82572 

PnSIT 

10.HN 125.OE 

U:iS lil:lE 
14.IN 121.5E 
14.0« 122.PE 

14.w- 121.«E 
14.«" igSI-sE 
14.IN 125.2E 
14.HN 129.6E 
14.4N 131.8E 
14.ON 133.BE 
15.'N j35.SE 
15.7N 135.5E 

15.HN 137.OE 
16.7» 13R.9E 
16.6N 140.?E 
16.6N 14n.?E 
16.HN 143.2E 
15.HN 14«.6E 
lS.HN 144.8E 

14.»" 146.2E 
13.4N 147.3E 

CAT 

SAT 

5AJ 
SAT 
P 

SAT 

P 
SA1 

ACCKY 

NAV-MET 

13.'." 15?.5E 
14.IN 156.^E 
14.HN 156.M£ 
15.ON 157.6E 
15.HN 160.OE 
16.1« 162.OE 

»:S5 l8S:::f 

FIX 

LVi 

700 

700 

Max upS 
FLl LVL «INO 

MAA OBS 
SfC *lNO 

DIR VLi HUG   RNG  VtL HkG KNG 

NON   OAPP 

OAPp 

90 102 3n0  10  120 3b0  30 
NUN   OAPP 

10  95 330 

50  90 310 

10 6U 3J0  45 
NON   U«PP 

1H 80 310 818 
NON   OAPP 

SAT 
SAT 
SAT 
SAT 

SAt 
SAT 
SAT 

114.5/4.5 /O0.5/25HRS) 

(14.5/4.5 / / HRS) 

(13.5/«*.5 /W1.0/25HRS) 

(T3.E/».b /H1.0/25HRS) 

PCN 1 
NON 
NUN 
NUN 

PCN 1 
PCN 1 
NON 

NON 
PCN 1 

UAPP 
DAPP 
UAPP 
DAPP 

DAPP 
DAPP 
DAPP 

DAPP 
DAPP 

11J.5/3.5 /§   /25HRS)    NON   DAPP 
... * ._ _ -«Lo/J.HRa)   PCN 1  DAPP ild'.i/?'.^  /SI. 

PCN 1  DAPP 
NON   OAPP 

i! SSiSfö 
27 3019187 
28 3023002 

29 3)11367 
30 3120457 

33 0219397  20.IN 172.■>£  SAT 

(T4.0/4.0-/D0.5/23HRSI 

,(T-.,0/4.p /S,= /25H«il„ NON „„OAPP 
5  2  7Ö0  350  60 260 12 80  bo 

<T4.0/4.0 /5   /23MRS1 NUN OAPP 
10   2   700   40  78 300 12 85  90 

(T4.0/4.0 /*   /25HRS1 NUN OAPP 
<[4.5/5.5 /»1.0/24NRSI PCN 1  OAPP 

10   5   7on  180  70 
PCN 1  DAPP 

<T2.0/3.0 /*1.0/2*HRSI 
(T2.0/^.0./S   /23HRSI 

08S   HIN   1-L.T 
«IN  700MB  LVl 

SLP 

EYt   OpItN-  EYE 

HOT  Il/TO  FORM  T/iTION  OlA 

FOSIT 
OF 

:PAOAP 

MSN 

NMBh 

968 

968 

285 1 = 

?83 1' 

281  10 

C1HC JO 

C1HC 23 

ELIP  SF-NI.  15X .5 

967 

962 

P80  lo 10  CIRC 

27B  2u 11  CIRC 

301  16  9  CIRC 

12 

10 

NON   DAPP 

HURRICANE NATHERINE 

FIX 
NO. 

FLT LVI. »INO 
OIR Vtl bRG Rt" 

OpIEN- 
TST10N 

EYE 
DIA :PA0*f 

2915592 
3008432 

8ti?!H 

10 
11 
12 

I* 
15 

12.ON 110.'<?E SAT 
13.HW 113.OE SAT 

13.«N 114 *E bAl itU»   Hs:sE SAt 
14.IN 114.HE P 

t limn 11:251 m$i is? 
(1221037 
031'0'2 
031'377 

0517362 
0806067 
0822S97 

16.HN 120.SE 
16.HN 12«.OE 
le.HN 124.*E 

14.IN 134.SE 
13.'N l46.»t 
13.SN 150.SE 

SAT 
SAT 
SA1 

SAT 
SAI 
SAT 

[T4.5/4.5 /DO.5/ 
5  3   7on  340 

(T5.0/5. 

IT5.0/5. 

NRSl 
70 330 

HRS1 

HRS I 

(12.0/2.5 
(.Tl.5/2.0 

/W0.5/24HHSI 
/W0.5/22HRS1 

NUN DAPP 
PCN 1 DAPP 
40   40 330 

E8S I 
PCN 1 
PCN 1 
NUN 

NUN 
PCN 1 
PCN 1 

OAPP 
OAPP 
OAPP 

SAPP 
APP 

OAPP 

?90  14 12  CIRC 
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5.     POSITION AND VERIFICATION DATA - HURRICANES 

HURRIC»NE OOREEN 

1B0OZ IT JUI   TO OOOOZ   3 AU6 

BES1 TRACK 

POSIT    «MO 
171800Z 10.IN 106.?«  3« 

•ARNIKG 

POSIT    HIND 
9.ON 105.0a  30 

a» HOUR FORECAST 

DST KIND 
9T   (J 

POSIT    KIND 
•ON 109.0«  35 

IBOOOOZ 10.3N 107.7»  35 10.5N 107.0«  40   43   5  11.4N 111.7»  61 
IBlgooz S0.6N 109.n« 40 to.7N 108.1« 4S  S3  3 it.SN IiJ.O» 65 

18U0OZ 10 
18I80OZ 11 

190000Z 11 
19O«O0Z a 
191*00* 12 
19IJ00Z   12 

• 9N   110.4W 4";   11.IN   110.Oh      S5 
.2N   111.«» 65   11.ON   111.3a     60 

.6N   112.9a 65   11.6N   112.3a     65 
■ 9N   114.0« 71)    12.ON   113. S«      70 
*1N   115.1« 75   12.2N   114.7a   100 
•5«   116.1« 75   12.6N   116.la   1O0 

0801*11:8 lil-M S811:§S iU:?S 188 
i8{i8?i H:M il?:« 11 U:ifl tif:SS Üf 

•IN 122.»a 85 14.5N 122.6« 110 

.1818:« 8SiJ:»tS:B 1 
210000Z 14 

limit it 
211800Z 14 

220000Z 14 

2204001 14 
221800Z 14. 
221B00Z 14 

IN 125.1« BO 14.6N 125.0« 80 

•ON 125.9« 80 14.6N 126.3« 80 

•ON 126.8« 75 14.SN 127.5« 80 
■•ON 127.1« T5 14.6N 128.5* 75 
•ON 128.H« 75 14.8N 129.1« 65 

23000OZ 14.)N 129.8« 70 15.2N 130.2« 65 

UStoK 1*:1W 11S:3B H 13:ifl iiiilt It 
2318O0Z 14.TN 132.9a 75 14.8N 132.7a 60 

2400092 15.ON 134.0« 75 14.9N 134.8a 60 
240«001 15.4N 134.9« 70 15.ON 134.5a 65 
§412001 15.7N 135.9« 70 15.ON 135.0a 65 
4itoOfc 16.ON 136.7« 70 15.8N 136.7a 55 

250800Z 16.3N 137.6« 70 15.8N 137.5« 70 

UWXt it:« m-M IS ISrSB BUS ?8 
251800Z 16.6N 140.1» 55 17.0N 140.1« 55 

2600001 1&.6N 141.?« 50 16.6N 141.1« 50 

2604JOZ 16.7N 142.3a 50 16.8N 142.0a 50 
2612001 16.6N 143.3« 50 16.9N 143.6« SO 
261800Z 15.9N 144.3« SO 17.ON 144.5« 45 

2N 145.1« 50 15.5N 145.2« 40 

4N 145.8« So 15.SN 146.2« 40 
9N 146.5« 55 14.IN 146.5« 40 

2700O0Z 15 

i?ii88!15: .     . .. 
271900Z 13.4N 147.?« 60 13.7N 147.3a 

28OO0OZ 13 
28O600Z 12 

'IN 147.9«  60 13.3N 148.0«  75 
'9N 148.3«  60 13.3N 149.0«  75 

290000Z 13.ON 150.3« 60 13.ON ISO.3« 90 
290C0OZ 13.3N 151.?« 65 13.IN 151.2« 90 

illitt? ftiH l!i:8. ft 11:1SJ likiS 188 
300000Z 14.ON 153.7« 80   13.9N  153.2« 100 
30K0OZ   1*.2N 154.6« 80   14.2N   154.0« 1(10 
äOlaOOZ   14.SN 155.4» 80   14.4N   155.8« 90 
30U00Z 14.7N 156.6« 85   14.5N   156.8« 90 

31O000Z   15.0N 157.8« 80   15.IN   157.8a 75 

.3N 

5N 117.0» 80 
8N 118.0« 90 
ON 119.3« 100 
ON 121.4« 100 

14.2N 122.7a 
14.4N 123.9« 188 8 

34 11 li: 
14.7N »?5.2a 
15.SN 176.5« 188 iff S 11: 

35 0 
30 0 
24 25 
13 25 

'I IS 
li it 
24 25 

7? i 
30  0 

43   0 

50 5 
54 a 
51 -10 

70 -5 

ia-Tt 
13 -15  15.ON 136.0«  50 

DST 
211 

Ü 

B 
34 
52 
63 
12 

48 HOuR FORECAST 
ERRORS 

POSIT    KINO  OST NjND 

72 HOUR FORECAST 

POSIT 
E«ROR« 

«INu  US' «1H0 
-20 —.-   .- 

3 li:?»»*:;. ?i ti 
"i 11: 

0 13. 
10 13. 
15  13, 
IS  15 

4N I?9.7« 
ON 130.0« 

90  151 

18 III 
60 

55 

50 
50 
50 

16.4N 134.0«  50   84 

IfctailZ:!! S8 lll 
47 -15 
33  -5 
62  -5 
12 -15 

30   0 

?! ii 
26   0 

6   0 

2§  8 
67 -S 

19 -10 

11-M 
19 -20 

14.9N 138.8« 
15. ON 137.5» 

108 
104 

:li H: 
-IS 15, 

-IS 15, 

-20 is, 

:li II: 
T25 17, 

3t II: 
-20 15. 

•10 14. 
0 IS. 

.6N 

5N 12? 
.SN 123. 
,8N 124, 
,3N 126, 

:B l&: 
:sS lis: 
,2N 13?. 

:1S IB: 
,5N 134. 

.SN 135. 

.ON 134. 
ON 137. 
SN 137. 

6N 137 

3» Itt 
ON 139 

9N 14?. 
ON 139, 

ii:8K lii:8S ß 113 :tg 
li: 

.0« 100 
u« 1O0 
0» 90 
6«  85 

ON 

14.0N 
14.3N 
14.6N 
16.7N 

0«     SO 

5«     75 

18 

IS.ON   137.0«     65 
16. 6N. 141.0«     45 

17:öN 

IB.SN 

17.7N 

17.8N 
18.4N 
18.0N 

141.4« 

itt:n 
144.1« 

21 

13 
156 

.5 15.0 
-10 17.0 

20 17, 

» H: 
-10 19. 

U« 40 

3« 45 

>>« 40 
0« 40 
3« 40 

.»« 50 

\lt a 
.u« 40 

,8« 55 
.5« 60 
.V« 60 
.3« 40 

IN 

I t£:5N 

5 18.SN 

31 »:M 
■i5 1S.5N 

•10 15.7N 

•10 15.0N 
•10 15.ON 
•10 16.ON 

-?0 IB.SN 

:jj »:iR 

ON   145. 

3N 14«. 
5N 147. 
SN   147. 

0»     60 
8»    35 

145.1«     40      149  -10      18.7N   14R.B»     35 

30 
30 

4»     25 
147.2« 
148.6a 

35    272 
35"   286" 

:» iS: 
-25    1«. 

188:fl IK 13S 
fii 15?, 

15.5N  149.3»    40     165 -20     16, 

-U »: 
3N  151.5«    35    270 

150.5» 
150.6« }8 m 

13.3N   151.6«     40 
6 

119 
3N   154 
3N  IS* 

.6« 3! 

.7» 3! 

.9«     40 
I     I 

2612001  12.8N   148.7«     60   12.7N   148.8«     75 8 
261M0Z  12.9N   149.6«     60   12.SN   149.7«     75       25 

13     15     13.3N   152.2«     85     112 
47     15     13.3N   153.2»     85     116 IS 

12.5N   153.0« 
12.5N   153.1« 85 IS li Ü 

.3« 85 

.4« 85 

.2» 85 

.S» 85 

SO 
43 
21 

11? 

142 
166 

hÜ 
24? 

Ill 
79 

91 

68 
81 
55  ■ 

78 

m 
121 -Y5     1S.0N 

137       5     14.9N 
190     ,0     15.ON 
265     !0     15.ON 
122 -10     17.ON 

lS      17.7N 

'8  12:81 
-?5 20.8N 

-■?S    20.ON 

•Al ii:SK 
iis   --;- 

-?5     16.9N 

"iO 17.IN 
-15 I5.4N 
-•»5     14.ON 

5     13.9N 
5     14.ON 

127.0» 100 
128.0« 100 
128.7« Bo 
131.8« 

IS:?«" 
111:1« 

75 

ii 
137.5«     60 

\Mi Vi 
138.2»    30 

139.7»    35 

1*0.5» 
.5» 
.5« 

l?l 

72 
63 

236 

20 
25 

5 
0 

289 

m 
91 

126  -3S 

:ll 
•*o 

M:ffi 
35 

it 

108 

m 
366 

33R 

*V 474 

74 
62 

182 

157 
169 

H:S8 ltt:K 

1A1.T« *t 

1«:» 18 
142.5« 3o 

146.B« 45 
1*1.5« 60 
141.0« 60 
144.0» 35 

149.4« 65 

l5f:J. 18 
151.0« 30 

152.3» 3o 

ilk:: i, 
157.6»     35 

li?:« li 
160.0»     40 

lH:i» Jt 
21 

163 
162 

7» 

134 

1». 
117 

100 
251 
325 
283 

47» 

433 

28* -45 

0    30     13.6N  153.7»    90      24 
12     25     13.7N   154.6»     90       30 

10     14.SN   1ST.0»     90 
10     14.8N   157.9«     90 

?7 IS ».111. 133:28 III   « fg li:3fl 18:83 M 

55 
68 

Hi 

160.2«     9U 
151.2«     9u 

203 
201 

H! 
iW 
186 
781 IS     15.7N 

U 1I:8K U!:8S 188 m Si 

8«1II:3« n 11:18 li?:?! ?I 
311800Z 16.2N 161.8« 65 16.3N 161.4« 75 

01«0OOZ 16.8N 163.?« 60 16.BN 163.1« 65 
010CO0Z 17.6N 164.7« 55 17.3N 164.6« 65 

l\im 1S:?K li?:?S n H:» 111:?« £ 
020000Z 19.ON 168.7« 40 18.7N 168.3« SO 

020(001 19.8N 169.6« 15 19.1N 169.7» 45 
0213O0Z 20.4N 170.5« Jo 20.4N 170.6» 35 
0218O0Z 20.6N 172.1« 30 21.ON 172.0» 35 

03OO0OZ 19.5N 173.5« 2; 19.6N 173.5« 35    6  10 

30 20 15.4N 156.6« loO 73 
35 20 15.4N 157.1« 100 104 
24 10 15.4N I59.8» $0 25 
17 5 15.6N 160.9« 90 63 

6 -5 I6.8N 162.1« 65 63 

if I \k®\ll:ll ft i!J 

20  16.9N 159.9» 100  189 

,3N 161, 
6N I64. 

SN 166. 

!6N 16«! 
24  10  17.9N 166.2»  65   60  20  19.6N 171. 

,6N 17s. 

i! \i 
25 16 

5 18 

28 11: 

6 5 18.7N 169.1» 65 29 25 20. 
19 10 19.IN 170.6« 65 TO 30 --.- 

5$ 18 ?$:„« Hi:»« 18 18S 18 :::: 
29 10 20.7N 174.2» 30 K #S —.- 

*i l§ ::;: ::::: :: :: :: ::•: 
25 5 —'.-     "- — — — —'.. 

9« 90 

3« 60 

6» 18 
0« 60 

2» 55 

178 
183 

139 

1Ü 

<0 
45 it:« 

17.SN 45 

?0 20.2N 

10 

■jo 

163.5» 100 

t»:iB'« 
169.0«  9n 

170.6« 55 

296 

iU 
255 

16B 

«0 

SI 
to 

30 

AVE0.A8E FORECAST ERROR 

HURRICANES »HIL€ »INO OVER 35KTS 
»ARNIMS  »4-HR  48-HR  72-HR 

30NH   »2NM  172NU  247NM 

«f«§l HJfS«lT88ELSF
ESfSR ERROR     fffils  m* IWFs'lBfifs 

AVERAGE BIAS OF «IND 
NUMgCS OF FORECASTS Si"5' 

»ARNIN6*L24^E,:J^gR  72-HR 
30NH  92NH  l69NM  246NH 

ioWs ?2Ws fathoms 
6|KTS  6|KTS  ifKTS  gKTS 
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HURRICANE KATHERINE 

11007 it   SEP TO 11)001 B OCT 

«EST TRACK             «ARN1MG                2* HOUR FoRtCAST           *g HOuH FORECAST 72 HOUR FOKLCASI 
ERRORS ERRORS tRROoS ERROR« 

POSIT    «INn    POSIT    Kim  OST «INU    POSIT    »lNt> OST BIND    POSIT    WIND OST «JND POSIT    »INo OST »T*U 
2912O0Z ll.BN 10».Su  30 11.7N 110.0«  3D   30   0  13.4N 113.6a 30 33 -30 —.-   .- — —  --  —.-   .-- — — — 

291(002 12.IN ]l0.7«  35 11.BN 110.6»  «n   29   5  14.UN 113.9» 60 47  -5 17.AN 11*.U« 60 150 -30 21.2N 116.3» So 343 -40 

300OO0Z 12.8N 111.3»  40 12.IN 111.2» -r,       42   5  I5.0N 115.0« 6S 61 -111 19.AN UA.3« 60 220 -30 23.ON 116.3» 60 453 -2« 

HmH \IHS lli:?S  & li:.SI 113:1.  SS    1? -iä   .*:K Hi:tS IS IS? =iS i?:?« H5:SS si §tt :J„ S?:?. 115:« Is Ut :fi 
30ie«BI  13.9N   114.7»     (,5   13.9N   114.BW     on          6     -5     15.3N   119.5» 5b 104  -35 16.5N  124.2» 50 23n  -40 16.UN   129.3» 45 292 -35 

818288! it:« HfcS» J5 I::» ilfcS! »g   3l :l.  !I:SS 1?8:K 8 *« =18 «:38IS:« ?8 ffi :ji tt:tt 1»:SS II IB I 
811188! I.:SN M:?8 «S 11:111 ilf:iS IS   !. :1.  I?:!» i?.:l: !. 2!» :ii &3I 11?:?« Si ai i§ 15:8K 129:1. IS Si* ig 
020400Z 16.IN 11B.7»  90 16.ON 118.0»  85   13  -=  18.5N 170.0« 75 114 -10 21.5N 121.5» 60 386 -Jo 25.ON 122.0» *0 7T7 g 
02OS00Z 16.6N HB.9»  90 16.2N 118.8»  85   25  -5  18.,IN 172.5« 80 69  -5 19.5N 12*.=« 65 200  25 20.|N 130.5» 45 354 lo 
0212O0Z 16.9N 119.6«  95 16.UN 118.5«  85   83 -1»  16.IN 172.3« 80 74  -5 20.IN 124.9» 65 330  jj 22.3N 127.2» 5g 58« So 

021AOOZ 16.«N 120.?»  90 16.5N 120.3»  85   19  -5  18.nN 173.0» 75 99  -5 19.3N 125.'« 80 330  40 21.ON 129.0» 50 513 2« 

03OOOOZ 16.9N 121.1«  85 17.IN 120.9»  do   17  -5  18.5N 174.0» 55 158 -15 20.ON 127.0« 40 371   5 21.ON 130.5» 3u 516 o 

030.00T 17.0N 121.9»  as 17.3N 121.5«  75   29 -10  18.8N 174.7« 50 207 -10 20.3N 12«.O» 40 406 JS 21.5N 131.5» 3o 553 o 
03l'o02 IT.ON itt.«*     8? 17.7N 122t*«  75   51 -IO  I9.I1N 175.4» 55 261   5 19.9N 12«./« 45 424  Js 20.ON 132.0» 3„ SIB 0 
1)318002 16.8H 124.7»  ai 16.8N 124.7«  65   29 -15  15.9N 179.1« S5 50  IS 15.2N 131.3" 50 83  a0 14.6N 138.0» 45 96 15 

040O0OZ 16.4M 125.7»  70 16.6N 125.7»  65   12  -5  15.7N 110.0» 55 68  20 15.ON 135.0» SO 76  20 14.ON (39.0« 45 86 15 
040{Ollz 16.2N 127.1»  65 16.4N 127.0»  60   13   0  )5.5N 132.0« 45 43  10 15.ON 137.u« 40 7?  j.0 14.SN 142.0» 4u 83 la 
OAlaOOZ 15.7N 128.4»  50 16.IN 126.2«  55   27   S  15.2N 133.3« 4U 48  10 14.2N 138.2» 30 43   0 13.5N 143.2« 25 29 -5 
0418OOZ 15.4N 129.X«  40 11.7N 129.7«  55   19  15  15.ON 135.5« 40 75  10 17.ON 141.0» 35 241   5 20.ON 146.0« 3s 429 ? 

05O0O0Z 15.1N 131.0«  35 15.7N 129.9«  50   73  15  15.ON 137.0» 40 92  10 17.5N 1*7.0» 35 269   5 20. SN 147.0» 3ü 455 0 
050O0Z 14.BN 132.'«  35 1S.2N 132.0»  50   27  15  iS.i'N 137.5« 4| 80  15 17.ON 147.0« 40 229  «,0 19.ON 1*6.0« 35 347 5 
05lJoOZ 14.4N 133.4«  30 15.3N 132.2«  So   88  20  14.9N 138.7« 45 93  15 1S.5N 141.6« 40 145  ,0 18.ON 147.7« 35 281 10 

OSlgoOZ 14.2N 134.5»  3o 14.2N 134.5«  50    0  20  13.ON 138.3« 40 52  10 12.ON 147.2» 40 119  J.0 IS.AN 162.3» 35 767 lj 

O6O0OOZ 14.ON 135.A»  30 1».IN 135.6«  «5   13  15  12.SN 141.0« 35 63   5 12.0N 14A.0» 30 84   0  —.-   .- — — — 

0608002 (3.BN 136.9»  30 1».0N 137.5«  40   37  10  14.ON 142.5« 75 75  -5 IS.ON 1*5.0» 25 131  .5 --.- —.- — — -. 
O61IÖOZ 13.5N 136.0«  38 K.6N 138.7»  4C1   77  10  1 5.RN 142.7» 30 155   0 17. SN 14R.0» 25 251   0  —.-   .- — — — 
06H0OZ 13.4N 139.1»  30 13.ON 139.8«  50   47  20  12.5N 143.8» 50 36  20 11.8N 147./« SO 130  ä5 —.-  —.- — — — 

0710002 13.3N 140.3»  30 12.6N 141.0«  50   58  20  11.8N 146.5« SO 113  20 —.-   .- — —  .-  —.- .- — — — 
070(002 I3.7N 141.5»  30 12.SN 142.0«  4b   51  15  12.5N 147.0« 40 58  10 --.-  —-.-   ~  .- --.-  —-.- — — — 

071(002 13.2N 142.»«  30 13.IN 143.2»  *(.   24  10  13.9N 148.2« 3| *3  10 --.-   .- — ~  .-  —.-  .- — -- — 
071J00Z 13.1N 1*3.9«  30 12.9N 1*4.1»  35   17   5  13.ON US.2« 35 63  10 —.-   .- — —  .- —.- ——.- — — — 

080000Z 13.IN 145.1»  30 13.3N 1*6.3»  35   71   5  —.-   .- — —  — —.-   .- — —  _- —.-  ---.- — -- — 
0806001 13.2N 146.3»  30 13.*N L46.B»  35   31   5  —.- . .- -- —  — —.-   .- — —  L- —•-  — *- — — — 
OB1300Z 13.3N 147.8»  25 13.6N 148.2»  35   29  10  —.-   .- — —  -- —.-   .- — —  .- —.-  —.- — -- -. 
081800Z 13.4N 149.7»  25 13.5N 148.0»  30   70   5  —.-   .- — —  — —.-   .- — —  .- —.- — -.- — -- — 

HURRICANES »NILE «INO OVER 35KTS ALL FORECASTS 

»ARNING  24-HR  48-HR  72-HR »AfiNING  24-MR  *B-HR  72-HR 
AVf«A.GE FOHECAST ERROR              30NH  l5*NH  276NM  442NU 3SNM   92NH  222NH 405NM 

«ISS§^ 8.S«TftSgLSFE.?S8 ERROR       m   ifWs 'I§KCs 3iSWs ISWs   tiWs 'KWs 3fSWs 
AVCR&Gt BIAS OF «INI) ERROR         -3KTS  -9KTS -lOKTS -10KTS 3KTS  -1KTS  -1KTS  -0KT5 
NUMBER OF FORECASTS               23     JO     15     11 38     34     2»    25 
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ANNEX B 
BAY OF BENGAL TROPICAL CYCLONES 

1.      SUMMARY OF DATA 1 

FIGURE B-1. Compoilte. chaJit oi  but tx.ac.ki  ion. the. Bay oi Be.ngat. 

TABLE B-1 

CYCLONE 

33-73 
35-73 
37-73 
41-73 

08 
04 
15 
05 

L973 BAY OF BEI 

INCLUSIVE 
DATES 

IGAL TROPICAL 

MAX  MIN 
SFC  OBS 
WND  SLP 

40 
70  988 
55 
60 

CYCLONES 

NO. OF 
WARNINGS 
ISSUED 

9 
13 
4 
8 

REMARKS 

OCT 
NOV 
NOV 
DEC 

- 12 
- 09 
- 17 
- 09 

OCT 
NOV 
NOV 
DEC 

FORMERLY TS SARAH 

1Tropical cyclones in the Bay of Bengal are numbered consecutively from the beginning of 
the calendar year and are included with those developing in the South Pacific and Indian 
oceans.  The JTWC area of responsibility in the Bay of Bengal includes the area north of 
the equator from the Malay Peninsula to 90°E.  The JTWC issued two warnings in the Bay of 
Bengal during 1973 when T.C. 33-73 went ashore east of Dacca and when T.C. 35-73 was fore- 
cast to recurve and move eastward into the JTWC's area of responsibility.  All other warn- 
ings were issued by FLEWEACEN Guam.  All Bay of Bengal cyclones for 1973 are included in 
Annex B. 
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2.     TROPICAL CYCLONE TRACKS 

H—I—I—I "H—I—I- 

FIGURE  B-2.     Be.it Hack  cka.lt. {>oi Tnopj.ca.1  Cyclone.  33-73. 

FIGURE B-3.     NOAA-Z Imagery o{ Tn.opic.al Cyclone 
33-73,   9  Octoben  1973,   0353  GMT. 
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FIGURE B-4.     Bei-t fiack ehalt ion. Tn.oplc.aJL Cyclonz 35-73. 

.MM 
~.  «>-^^^ses9E 

WZ."  ,**""           "~   ~$fjum'.' 

^^^^^■i''-- *=#         -*c^       -flflTiTr"' * ■" 
■^^^--P^TS^ e^sg"*.- ■   r?ai 

-' "'"'■ • ' i^aa? J^"""     :^*if *•-**i3l 
• u^JSr'^aä* 4yi::M.    H 

-■~ "^wtiBf'vJSSHWIPy 'ff^v.    '*"-. 
%1 . , ^^PHB^T' ; f y v "^ jib : 

■%>'- - "fss,."". «ijjf' ■■'"' u <*.-' ^ •- ;t ,^»Kf*f 
**' "W^^^^^^ßu^-je    'K'^M,"\ 

■. K J^>   -  '     jgß^ .       ;■..      ■   ,_.'-* 

" -■• 

Jj#S^ 

-■**+ ',_ 

^~- ^-   - irV.' ^l%i&a 
FIGURE B-S.     PMSP -image/t# otf Tn.oplc.at Cyclone. 35-73, 
«  Novcm6e/t   J973,   0243  GUT. 
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FIGURE B-6.     But ttack chcuit &O/L T/ioplcal CyaJLone.  37-73. 

FIGURE B-7.     VHS? ^.magziy of,  TA.oplc.aZ Cyclone.  37-73, 
16 November  7 973,   0J59  GMT. 
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FIGURE B-8.     Bei* tsiack chant ion. Tn.ople.al Cyclone. 41-73. 

FIGURE B-9.     VMS? -LmagoJiy oi  Tn.opi.caZ CyeXonz 41-73, 
i Ve.ce.mbnn   1973,   0621   GUT. 
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CENTER FIX DATA 

TROPICAL   CICLONt        33-73 
FIX  POSITIONS FUH   CVCLimt «o.   33-73 

111,001   0»   UtT   TU   OOOU2   l£   UCI 

FIX 
NO. TIME ensiT 

fix 
CAT 

ACCHY 
«AV-ME7 

FT« 
Lui 

«A* cms 
FLT L»L »IND 

DIR VFL ROG RNG 

MAX 08S 
SFC «1ND 

VEL DKG RNG 

OBS 
MIN 
SLP 

MIN 
7 00MB 
HGT 

rLT 
LVl 

Tl/TO 
EYE 
FORM 

OÖIEN- 
TiiTlON 

EHE 
OIJ 

F0SI1 
OF 
FAOAf 

1 606137 16.BN 927.OE SAT <T 0/ 0 / / MRS) PCN 3 OMSP 

2 
3 

61213z 
BIB137 

26.«N 
38.«« 

527.5E 
30. OE 

SAT 
SAT <T 0/ 0 / / MRS) 

PCN 
PCN 

3 
3 

DMSP 
DHSP 

4 
5 
6 
7 

90013; 
90613Z 
9W14Z 
9I«147 

58 . 7N 
B8.7N 
28. 7N 
58.W 

833.SE 
801.5E 
901.5E 
100.*E 

SAT 
SAT 
SAT 
SAT 

H 
(T 

0/ 
0/ 

0/ 

0 / 
0 / 

(i / 

/ / 
/ 

MRS) 
MRS) 

URS) 

PCN 
PCN 
PCN 
PCN 

3 
3 
3 
3 

DMSP 
DHSP 
DMSP 
DMSP 

e 

10 
11 

100015z 
10061SZ 
101216z 
101B172 

18.«N 
88. 7N 
58. 7N 
38.71 

136.»E 
935.OE 
835.OE 
634.SE 

SAT 
SAT 
SAT 
SAT 

(T 
(T 

(T 

0/ 
0/ 

0/ 

0 / 
0 / 

0 / 

/ / 
/ 

MRS) 
MRS) 

MRS) 

PCN 
PCN 
PCN 
PCN 

3 
3 
3 
3 

DMSP 
OMSP 
OMSP 
DMSP 

12 
13 
14 
IS 

nooiez 
110618z 

1U21»Z 
111820z 

18.7M 
98. 7N 
78. AN 
98.5" 

434.OE 
33. 5E 

S33.5E 
833.OE 

SAT 
SAT 
SAT 
SAT 

(T 
IT 

(T 

0/ 
0/ 

0/6 

0 / 
1) / 

.0 / 

/ 
/ 
/ 

MRS) 
MRS) 

URS) 

PC* 
PCN 
PCN 
PCN 

3 
3 
3 
3 

DHSP 
DHSP 
DMSP 
DHSP 

16 120023z 58. 5N 234.SE SAT (T 0/6 ♦ 0 / / MRS) PCN 3 DHSP 

TROPICAL   CYCLONE        Jb-73 
FIX  POSITIONS FOR  CYCLONt «0.   3S-73 

U0002   04   N"V   TO   120U2   09   NUV 

* IAA OBS MAX OBS     OBS   MIN   l-L.T 

5K TIME POSIT Uf ACCR 
NAV-M 

Y   Fix 
ET  Ui DIR V EL BPG RNG A ;FC KIND     MIN  700NB  LV| L BH6 RNG   SLP   HGT  Tl/TO 

i 40007z 58.9N 131.5E SAT IT 0/6.0 / / MRS) PCN 3 OMSP 

1 40607z 
412082 

88. BN 
38. AN 

832.5E 
533.5E 

SAT 
SAT 

(T 0/6.0 / / MRS! PCN 
PCN 

3 
3 

DMSP 
OMSP 

4 
5 

418082 
50009z 

98. «N 
78. RN 

334.OE 
33.SE 

SAT 
SAT !T 

0/6.0 
0/6.0 

/ / / / MRSI 
MRS) 

PCN 
PCN 

3 
3 

DMSP 
DHSP 

6 
7 

OS0610Z 
51211Z 

68.7N 
38. 7N 

533.OE 
133.0E 

SAT 
SAT 

(T 0/1.0 / / MRS) PCN 
PCN 

3 
3 

DHSP 
DHSP 

8 
9 

S1B12Z 
60012Z 

18.AN 
B8.6N 

633.5E 
S36.0E 

SAT 
SAT 

(T 
(T 

0/1.U 
0/1.0 

/ / 
/ / MRS) 

MRS) 
PCN 
PCN 

3 
3 

DMSP 
DHSP 

10 
11 

60613z 
61213z 

38. 6N 
B8.6N 

602.OE 
803.OE 

SAT 
SAT 

<T 0/1.0 / / MRS) PCN 
PCN 

3 
3 

DMSP 
DMSP 

12 

14 

61014Z 

706I6Z 

48. 7N 
28. 7N 
18. SN 

303.OE 
T,i:H 

SAT 
SAT 
SAT 

IT 

I? 
0/1.0 

O/l.o 

/ / / 
/ / / 

MRS) 
MRS) 
MRS) 

PCN 
PCN 
PCN 

3 DHSP 

m 
15 
16 

71216z 
71817z 

78. BN 
48.RN 

200.SE 
300.5E 

SAT 
SAT (T 0/1.0 / / MRS) 

PCN 
PCN 

3 
3 

DMSP 
DMSP 

» mm iI:ÜN iI1:§E MI If 0/1.0 
0/1.0 

/ / / / MRS) 
MRS) 

PCN 
PCN 

3 
3 DHSP 

19 
20 »sin 98. BN 

38. 7N 
133.OE 
933.OE 

SAT 
SAT 

PCN 
PCN 

3 
3 

DMSP 
DHSP 

B 81819z 
900207 

78. 7N 
28. 6N 

531.OE 
930.OE 

5AT 
SAT 

(T 
IT 

0/1.0 
0/1.0 

/ / / / MRS) 
MRS) 

PCN 
PCN 

3 
3 

DHSP 
OMSP 

FORM oil 

TROPICAL CYCLONE   37-73 
FIX POSITIONS FOfl CYCLONt NO. 37-73 

vOOOZ 16 NUV 10 08002 17 NOV 

FIX 
NO. TIME POSIT 

FIX 
CAT 

ACCHY   FT» 
NAV-MET  LVl 

MAX ORS 
FLT L»L KINO 

DIR VEL BRG RNG 

MAX OSS 
SFC KINO 
VEL BNG RNG 

OBS 
HIN 
SLP 

MIN 
700MB 
HGT 

FLT 
LVL 

Tl/TO 
EYE 
FORM 

ORIEN- 
TATION 

EYE 
DIA 

■FOSII 
OF 

«ADAS N»«R 

1 160015? 38.BN 136.OE SAT IT 0/1.0 / / MRS) PCN 3' OMSP 

2 
3 

160616z 
161216Z 

18.B« 504.5E 
98.9N 103.5E 

SAT 
SAT 

IT 0/1.0 / / MRS) PCN 
PCN 

3 
3 

OHSP 
ÜHSP 

S 
6 
7 

mm 
17O620Z 
170820Z 

2%Zm  fosloE 
29.IN 201.SE 
49.IN 301.SE 

Ml 
SAT 
SAT 

II 
(T 

0/3.0 / 
0/2.5 / 
0/2.0 / 

i / 
MRS) 
MRS) 
MRS) 

PCN 
PCN 
PCN 
PCN 

I 
3 
3 

DBI? 
DHSP 
OHSP 

8 
9 

1712217 
1718222 

39.IN 401.OE 
39.IN 536.OE 

SAT 
SAT (T 0/1.0 / / MRS) 

PCN 
PCN 

3 
3 

OHSP 
OHSP 

H Wim 19.IN 435.OE 
99.IN 234.OE MI II 0/1.0 / 

0/1.0 / 
/ / 5RS) 

MRS) 
PCN 
PCN 3 OHSP 

OMSP 

12 181224z 69.ON 933.SE SAT PCN 3 OMSP 

TROPICAL CYCLONE   41-73 
FIX POSITIONS FOR CYCLONt NO. 41-73 

uoOOZ 06 OK TO 12002 09 ULC 

HA* 08S MAX OBS oes MIN FLT FOSll 

FIX 
NO. TIME POSIT 

FIX 
CAT 

ACCRY   Fl* 
NAV-MET  Lvi 

FL1 L»L KIND 
DIR VEL BRG RNG 

SFC MIND 
VEL BKG RNG 

MIN 
SLP 

700HB 
HGT 

LVl 
Tl/TO 

EYE 
FORM 

OoIEN- 
TJTION 

EYE 
DIA 

OF 
RADAR 

1 60009z 78. TN S31.5E SAT <T 0/1.0 / / MRS) PCN 3 OHSP 

§ Si!.?? 68?6N IJ§:SE 
SAT 
SAT 

(T 0/1.0 / / MRS) PCN 
PCN 

3 
3 m 

4 
5 
6 
7 

70612Z 
71212Z 

28.«N 
78.AN 
28.SN 
96.5N 

732.SE 
534.5E 

SAT 
SAT 
SAT 
SAT 

IT 
IT 

0/1.0 / 
0/1.0 / 
0/1.0 / 

/ / 
/ 

MRS) 
MRS) 
MRS) 

PCN 
PCN 
PCN 
PCN 

3 
3 
3 
3 

OHSP 
OHSP 
OHSP 
OHSP 

8 
9 

71813z 
080014Z 

78.SN 
68. SN 

336.OE 
301.OE 

SAT 
SAT 

(T 
(T 

0/1.0 / 
0/1.0 / 

/ / MRS) 
MRS) 

PCN 
PCN 

3 
3 

DMSP 
DMSP 

IS 08061SZ 
081217z 

68.SN 
38.6N 

601.SE 
USE 

SAT 
SAT 

(T 0/2.5 / / MRS) PCN 
PCN 

3 
3 

OHSP 
DMSP 

11 0818197 
090020z 

28.JN 
68 .BN 

803.OE 
105.OE 

SAT 
SAT 

IT 
IT 

0/5.S / 
0/6.5 / 

/ / MRS) 
MRS) 

PCN 
PCN 

3 
3 

DMSP 
DMSP 

li oliSifz 18.9N 
49.IN 

905.0E 
505.OE 

SAT 
SAT 

IT 0/7.0 / / MRS) PCN 
PCN 

3 
3 

DMSP 
DMSP 

N"Of> 
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4.     POSITION AND VERIFICATION DATA 

TKlpICAL CYCLONE 33-73 

06007 08 OCT TO 00002 12 OCT 

ERRORS 
24 HOUR FORtCAST 

ERROR« 
POSIT    NINn    POSIT    VINU  nST WIND    POSIT    HINI 

080(i00Z 13.1N  88.«E  30 13. IN  88.6E  35   IT   b  13.9N  86.2E 

48 HOUR FORECAST 
EHROoS 

NO  DST HIiKD    POSIT  „tlIND  DST HTNU 
♦ 5   93   5  15.2N  81.SE  55 

818002 13.3N  88.OE  35 
16.IK  85.TE  45 

25*  ,5 
18..SN  81.9E  «5  25?   5 

72 ihOlR PCKECASI 
EHROOc 

CSIT    «ltd  CST NUC 

14.21*  86.IE  45  127   5  15.ON  84.TE  45  241  Vo 

Uli* ~BS*1E;  60  159  20  liriN "Ss^Ot  65  28?  ?5 

0900002 13.5N 87.«E 3S 13.3N  87.SE 35 21 
090M10Z 13.8N 87.«E 40 —•;      .- 
091?002 U.2N 87.0E 40 13.8N     87.3E 40 42 
091K00Z »4.SN SB.IE 4n --•-    —.- — — —    —.-    —.- —      —    —    --.-     — .- 

1000002 IS.IN 8B.1E 40 14.4N  88.IE 40 42   0 IS.Ah      BB.7E 60  178  25  16.6N  89.OE  65  464 

18J5885 1I:IN l?;S| i" ii:ZN 'el'.x lä ;T " i?:« 'SUE is Ü5 is ::;: ":::   ::   :: 
1018002 17.3N 87.6E 35 —"      .- — ~ —     --•-      •" "        ~     —     --«-       •" 

HOOOOZ   18.IN 87.4E 35   17.5N     86.8E 40 49 5 19.8(1     B6.3E 50 229 25 --.- 

imm It:?« !Z:SI IS is-:?« SZ-.U ;I IZ » :::: =:: = :■: = ~r- 
1118002 20.9N B5.RE 25 —"   .- -- — — —.-  •- — — — --.'- 

1200002 23.5N 85.?E 25 21.5N  86.BE 3S 149 10 —.-  .- — — — --,- 

AVERAGE FORECAST ERROR 
AVERAGE HlGHT ANGLF ERROR 
AVERAGE MAGNITUDE «F KIND ERROR 
AVERAGE BIAS OF WINn ERROR 
NUMBER OF FORECASTS 

ALL FORECASTS 
«ARMING 74-HR  40-HK 72-HR 

53HM 161NH  ?9>NM ONN 
26*H *5NH  lToNH ON« 
4KTS I4KTS  21KT5 OKTS 
4KTS MK7S  21KTS OKTS 
9 7      3 0 

TRi'PICAL CYCLONE 35-73 

00002 04 NOV TO 12002 09 NOV 

24 HOUR FORECAST 
ERROR? 

48 HOuH FORECAST 
ERRObS 

BEST TRACK DARNING 
ERRORS 

. POSIT    MIND    POSIT   „MIND  nST KINO POSIT  ,_HlND DST lll*0  . POSIT   C»IND  DST NlNO 0400002  7.5N  89.IE  30  7.2N  89.4E  35   25   5 7.7N  87.IE 40 131 -15   6.2N  85.)E  45  287 -,5 
040f,OOZ  7.8N  88.RE  3S —•-   .-   —   —  —  —.-   •-   — --  --  -----  -—•-   —   —  -- 

0 B.9N  84.8E  60 197 

72 IhOLR PCHECAST 
EURO»« 

RCSIT    NMO  CSl MUC 

iwm -I:» M:% IS -i:'-N -e-i-AE a   a J- 
0500002  9.7N  88.OE  SS  8.3N  85.8E  45  iS4 -10 
050*002 10.6N 87.5E 60 10.7N  87.4E 50 
051?0OZ U.3N 87.IE oO 11.6N,  87.7E SS 
051x002 12.1N 86.*E 60 --•-   .- 

0600002 12.8N 86.SE 60 13.4N  87.9E 60 
060*002 13.3N 86.*E 60 —■-   .- 
0617002 13.8N 86.RE 60 14.2N  86.2E 70 

-1U 
-5 

9.8N  82.5E  65  295 
14.3D  R8.2E  70  110 

'9.8N  a?.3t  75  347 

lO.eN  79.IE  40  565 -TS 
18.IN  89.Jt  80  141  ?S 

IS.3K  RB.4E  75  129  15  19.ON  89.7E  80  16?  ?S   -.; 

89   0  17.2N  89.IE  75  144  20  20.SN  9n.it  80  194  ,5   -.- 

42  10  I7CBN  R6^6E  80  112  25  2lloN  87^bE  80  lÖ?  iO   -'•- 
0618O0Z 14.4N  87.IE 55 —•-   .- — — — --.-  —.- -- ~ — 

0700002 15.2N  87.7E 55 15.4N  86.4E 80 76 2S 19.4N  89.5E 70 99 25 

8?!?88J \t'.W     IS!?! l§ HIIN "IT^E 7S 57 50 SlIsN "SlIlE 40 319 "Ö 
0718002 17.4N  88.3E So — •-   .- — — — •- — — -- 

080OO02 1B.2N  88.IE 45 19.3N  90.2E 70 126 25  —-   .- -- — — 
».IE 45 18.6N  90.SE 60 i37 15 —.-  ---.- -- -- -- 88??88l lt:S 

0B1RO02 19.7N  87.5E  30 19.ON  88.9E  S5   79  25 

0900002 20.2N  86.9E  25 19.5N 

AVERAGE FORECAST ERROR 
AVERA8E KjGHT ANGLF ERROR 

msiti mnn& ?«S8R
ESHOB 

NUHRER Of   FORECASTS 

ALI    FORECASTS 

WARNING     ?4-HR     40-HH 
77*H      171NN      ?5/NM 
68MI      132NH 

14KJS touts 
13 ■s 

fowl 

72-H» 
ONR 
ONH 

8RI? 
0 
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TR1PICAL CTCLONE  3T-73 

00O0Z   16   NOV   TO   08002   IT   NOV 

BEST   TRACK WARMwG 24   HOyR   FORECAST 48  HOuR   FORECAST 72 IKOtR   PCKtCASI 

POSIT           WlNO          POSIT           WIND     n5T   KIND           POSIT           WIND     OSTSMID           ?OSIT           KINO     DIT'SSNU           RCSIT KIiHD     OS^"8l«C 
160(1002   15.3N     8B.IE     50   IS.ON     87.9E     60        21      111      16.SO     86.86     TS     274     20     --.-       .-        —        —     .-        -.- -.■-        —        --      -. 

iii?88z iltiK IS;?! \% I5I3N "SBIIE la    S5 "5 --:- -~:- -- -- — ";: zzzi-    " zz  ;: z;: ~:j: ™ :r :: 
1618002   IS.ON     89.9E     55 — • -      .-       —       —     —     --.-      :.-       —       —     —     --.-      .-       —       —     .-       -.-      ...       —       —     -. 

US"°8? 4?*2N   '9«7£   £•> ie.*N   89.IE   60     «7     5   ....   —.-     —     —   -.   .....   —.-    ...     —   ..     ...   —v.     —    —   .. 
1708002   20.4N     91.IE     55  20.3N     91.8E     60       29       5     —..      .-       —       —     —     — ;.-      .-       —       —     Z-       -,-      ,-        —        —     -Z 

_,   „ ALL   FORECAÜS 
EARNING     24-HR     40-HR     72-HR 

MfltfgHi'OEf^NOLmnR litt ^SK     o°SS     1« 
AVERAGE MAGNITUDE Op MINI) EHKOR 6KTS  20KTS   OKTS   OKTS 
AVERAGE «IAS OF WIND ERROR 6KTS  20KTS   OKTS   OKTS 
NUMBER OF FORECASTS 4      10      0 

TRCPICAL CYCLONE *l-73 

00007 06 DEC TO 1200Z 09 DEC 

BEST TRACK BARKING 
ERRORS 

POSIT    WIND    POSIT    WIND  nST WIND 

24 HOUR FORECAST 

ERRORS 
POSIT    WIND  OST WSfcD 

7.8».  8S.2E 50 2*0 

48 HOuR FORECAST 

ERROÖS 
POSIT  WIND DST WIND 

8J5N  83.SE  60  379   0 060000Z  9.7N  87.SE  35  7.IN  87.OE  40  158   5   7.8K  8S.2E  50  2*0  -5 

m588n8:l« K:i| Ulm ß:ii ig   ♦! J ,?:!H lliil K if? -JJ lirSH U:'A SS 18 il 
0618002   11.2N     86.6E     50   —•-      .-        —        —     —     —-      .-        --        —          --*-      .-       —        —     -- 

72 IHOtR   PCRECAS1 

E8R00' 
DUG      CS1    WT« RCSIT 

0700002   11.7N     86.PE     Ss   11.UN     B7.1E     45       53-10     13.9S     87.IE     50     112-10     1S.7N     BB.tE     65     293     |5 

070600Z   J.2.2N     85. 7E     60   —•"     -—•-        —        —     —     —.-     —•-        —        ~     —     — .--     —.-       ■—        —     .- 
071700Z  12.9N    85.SE    60  12-'N    85.OE     45      31  -15    15.lt>     83.9E    60     17*      5     17^3N    83.«E     65    56»    i5 
071800Z   13.7N     85.IE     60 

08OO00Z   1*.6N 85.IE 60   1*.0N     85.IE 60 38 

080600Z   15.6N 85.6E 55  --«;      .- 
0817002   17.3N 86.«E 55   16.2N     85.3E 60 77 
0818002   19.2N 86.8£ 5«   —.-      .- —         

0     16.8N     84.6E     65     301     IS 

"5     IV.ih   "nSCÖE     65     396     35 

8I8S882 §2:fß IS:»! J§ Ii:5N .SZ:.
8E f_° 

0917002 23.4N  91.5E  30 23.3N  91.6E  40 

45 

8 

«IRSSE   H?«Hf
ASJGLr?B?8R„R 

«EgJil  BiSg'o^.IND  EÄERH0R 

NUHHER OF   FORECAST«; 

ALL   FORECASTS 
WARNING     24-HR     *8-HR 

6KT' 
-lKTä 

28SSB fit® 
8BII 
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APPENDIX 

ABBREVIATIONS AND DEFINITIONS 

The following abbreviations and defini- 
tions apply for the purpose of this report. 

1.  ABBREVIATIONS 

AC§W Aircraft Control and Warn- 
ing 

AIREPS     Commerical and Military 
Aircraft Weather Report 

AJTWC      Alternate Joint Typhoon 
Warning Center (Asian 
Tactical Forecast Center, 
Fuchu, Japan) 

APT        Automatic Picture Trans- 
mission 

AWN        Automatic Weather Network 

CINCPAC    Commander in Chief, Pacific 

CINCPACAF  Commander in Chief, Pacific 
Air Forces 

CINCPACFLT Commander in Chief, Pacific 
Fleet 

CINCUSARPAC Commander in Chief, U.S. 
Army Pacific 

DAPP 

DMSP 

Data Acquisition and Pro- 
cessing Program (Renamed 
DMSP) 

Defense Meteorological Sa- 
tellite Program 

ENVPREDRSCHFAC Environmental Predic- 
tion Research Facility 
(Naval Postgraduate School, 
Monterey, California) 

NESS National Environmental Sa- 
tellite Service (Suitland, 
Maryland) 

NWS/NOAA   National Weather Service, 
National Oceanic and Atmos- 
pheric Administration 

PACOM Pacific Command 

SLP (MSLP)  Sea Level Pressure (Minimum 
Sea Level Pressure) 

TCRC 

WMO 

2.  DEFINITIONS 

Tropical Cyclone Reconnais- 
sance Coordinator 

World Meteorological 
Organization 

CYCLONE - An atmospheric closed circu- 
lation rotating counterclockwise in the 
northern hemisphere. 

TROPICAL CYCLONE - A non-frontal cy- 
clone of synoptic scale, developing over 
tropical or sub-tropical waters and having 

a definite organized circulation and warm 
core. 

TROPICAL DEPRESSION - A tropical cyclone 
in which the maximum sustained surface wind 
is 33 kt or less. 

TROPICAL STORM - A tropical cyclone 
with maxxmum sustained surface winds in the 
range 34 to 63 kt inclusive. 

TYPHOON/HURRICANE - A tropical cyclone 
with maximum sustained surface wind speeds 
64 kt or greater.  West of 180 degrees 
longitude the name TYPHOON is used and east 
of 180 degrees longitude the name HURRICANE 
is used.  All descriptive references to ty- 
phoons apply equally to hurricanes. 

SUPER TYPHOON - A typhoon with maximum 
sustained winds greater than or equal to 
130 kt. 

TROPICAL DISTURBANCE - A discrete sys- 
tem of apparently organized convection, 
generally 100 to 300 miles in diameter 
originating in the tropics or sub-tropics, 
having a non-frontal migratory character 
and having maintained its identity for 24 
hours or more.  It may or may not be asso- 
ciated with a detectable perturbation on 
the wind field. As such, it is the basic 
generic designation which, in successive 
stages of intensification, may be subse- 
quently classified as a tropical depres- 
sion, tropical storm or typhoon. 

EYE/CENTER - EYE refers to the roughly 
circular central area of a well-developed 
tropical cyclone usually characterized by 
comparatively light winds and fair weather. 
If more than half surrounded by wall cloud, 
the word EYE is used; otherwise, the area 
is referred to as a CENTER. 

WALL CLOUD - A densely organized, 
roughly circular'structure of cumuliform 
clouds completely or partially surrounding 
the eye or center of a tropical cyclone. 

MAXIMUM SUSTAINED WIND - Highest sur- 
face wind speed o± a cyclone averaged over 
a one minute period of time. 

EXTRATROPICAL - A term used in warnings 
and tropical summaries to indicate that a 
cyclone has lost its "tropical characteris- 
tics." The term implies both poleward dis- 
placement from the tropics and the conver- 
sion of the cyclone's dominant energy source 
from latent heat of condensation release to 
baroclinic processes. 

TROPICAL CYCLONE RECONNAISSANCE COORDI- 
NATOR - A CINCPACAF representative desig- 
nated to levy tropical cyclone weather 
reconnaissance requirements on CINCPACAF 
reconnaissance units within a designated 
area of PACOM and to function as a coordi- 
nator between CINCPACAF, weather reconnais- 
sance units, and JTWC. 
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