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FOREWORD

The Annual Tropical Cvclone Report is
prepared by the staff of the Joint Typhoon
Warning Center (JTWC), a combined USAF/USN
support organization operating under the
command of the U. S. Naval Oceanography
Command Center, Guam. JTWC was established
in April 1959 when CINCPAC directed
CINCPACFLT to provide a single tropical cy-
clone warning center for the Pacific area.
The operations of JTWC are guided by
CINCPACINST 3140.1(P).

The mission of the Joint Typhoon
Warning Center is multifaceted and includes:

1. Continuous meteorological
monitoring of all tropical activity in the
northern and southern hemispheres, from the
International Date Line westward to the east
coast of Africa, to anticipate tropical cy-
clone development.

2. Issuing warnings for all sig-
nificant tropical cyclones in the above area
of responsibility.

3. Determination of reconnais-
sance requirements for tropical cyclone
surveillance and assignment of appropriate
priorities.

4. In depth post-analysis of all
tropical cyclones occurring within the
WESTPAC/Northern Indian Ocean for publica-
tion in this report.

5. Cooperation with NAVENVPRED-
RSCHFAC, Monterey on the operational evalua-
tion of tropical cyclone models and forecast
aids, and independent technique development
to support operational forecast scenarios.

Should JTWC become incapacitated, the
Alternate JTWC (AJTWC), located at the U. S.
Naval Western Oceanography Center, Pearl
Harbor, Hawaii, assumes warning responsibi-

lities. Assistance in determining tropical

cyclone reconnaissance reguirements, and in

obtaining the resultant data, is provided by
Detachment 4, 1WW, Hickam AFB, Hawaii.

In line with the proposals to implement
metric units of measurement within the
United States over the next few years, vari-
ous civilian and military organizations have
begun extensive educational programs through
use of metric equivalents in their publica-
tions. This report will include metric unit
equivalent measures whenever possible.

Satellite imagery used throughout this
report represents data obtained by the
Satellite Selective Reconnaissance Program
network of stations. The personnel of Det
1, 1WW, co-located with JTWC at Nimitz Hill,
Guam, direct the satellite acquisitions and
tropical cyclone surveillance of units at:

Det 5, 1WW Clark AB, RP;

Det 8, 1WW, Kadena AB, Japan;

Det 15, 30WS, Osan AB, Korea;

Det 4, 1WW, Hickam AFB, Hawaii, and

Air Force Global Weather Center,
Offutt AFB, Nebraska

In addition, the Naval Oceanography Command
Detachment, Diego Garcia and DMSP equipped
U. S. Navy aircraft carriers have been in-
strumental in providing vital satellite posi-
tion fixes for tropical disturbances in the
Arabian Sea and the Bay of Bengal.

The staff of JTWC is indebted to
Captain Jesus B. Tupaz, USN for his many
valuable suggestions and insightful comments
throughout the preparation of the 1981
Annual Tropical Cyclone Report. A special
thanks is extended to the men and women of
the Fleet Air Photographic Laboratory, Naval
Air Station, Agana, Guam for their assist-
ance in the reproduction of satellite and
graphics data for this report.

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

Annual Tropical Cyclone Report in

1980) .
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CHAPTER I - OPERATIONAL PROCEDURES

1. GENERAL

The Joint Typhoon Warning Center (JTWC)
provides a variety of routine services to
the organizations within its area of respon-
sibility, including:

a. Significant Tropical Weather Adviso-
ries: issued daily, this product describes
all tropical disturbances and assesses their
potential for further development;

b. Tropical Cyclone Formation Alerts:
issued when synoptic, satellite and/or air-
craft reconnaissance data indicate develop-
ment of a significant tropical cyclone in a
specified area is likely:

c. Tropical Cyclone Warnings: issued
periodically throughout each day for signi-
ficant tropical cyclones, giving forecasts
of position and intensity of the system; and

d. Prognostic Reasoning Messages:
issued twice daily for systems in WESTPAC
only, these messages discuss the rationale
behind the most recent warnings.

The recipients of the services of JTWC
essentially determine the content of JTWC's
products according to their ever-changing
requirements. Thus, the spectrum of the
routine services is subject to change from
year to year; such changes are usually the
result of deliberations held at the Annual
Tropical Cyclone Conference.

2. DATA SOURCES

a. COMPUTER PRODUCTS:

The standard array of synoptic-scale
computer analyses and prognostic chaxts are
available from the Fleet Numerical Oceano-
graphy Center (FLENUMOCEANCEN) at Monterey,
California. These products are provided
through the capabilities of the Naval
Environmental Data Network (NEDN).

b. CONVENTIONAL DATA:

This data set is comprised of sur-
face and upper-air observations from island,
ship, and land stations plus weather obser-
vations from commercial and military air-
craft (AIREPS). Conventional data charts
are prepared daily at 0000Z and 1200Z for
the surface/gradient, 500 mb, and 200 mb
levels. The upper-level charts use rawin-
sonde data, AIREPS within 6 hours of the
synoptic times and especially on the 200 mb
chart, satellite blow-off winds.

c. AIRCRAFT RECONNAISSANCE:

Aircraft weather reconnaissance data
are invaluable for the positioning of the
center of developing systems and essential
for the accurate determination of numerous
parameters, e.g.

eye/center
maximum intensity

minimum sea-level pressure
horizontal wind distribution

In addition, wind and pressure-
height data at the 500 and/or 400 mb level,
provided by the aircraft while enroute to,
or from fix missions, provides a valuable
supplement to the all-too sparse data fields
of JTWC's area of responsibility. A compre-
hensive discussion of aircraft weather re-
connaissance is presented in Chapter II.

d. SATELLITE RECONNAISSANCE:

Meteorological satellite data obtain-
ed from Defense Meteorological Satellite
Program (DMSP) and National Oceanic and
Atmospheric Administration (NOAA) spacecraft
played a major role in the early detection
and tracking of tropical cyclones in 1981.

A discussion of the role of these programs
is presented in Chapter II.

e. RADAR RECONNAISSANCE:

During 1981, as in previous years,
land radar coverage was utilized extensively
when available. Once a storm moved within
the range of land radar sites, their reports
were very critical for determination of small
scale movement. Use of radar reports during
1981 is discussed in Chapter II.

3. COMMUNICATIONS

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

(1) The Automated Digital Network
(AUTODIN) is used for dissemination of
warnings and other related bulletins to
Department of Defense installations. These
messages are relayed for further transmission
over U. S. Navy Fleet Broadcasts, U. S.

Coast Guard CW (continuous wave Morse code)
and voice broadcasts. Inbound message traf-
fic for JTWC is received via AUTODIN addres-
sed to NAVOCEANCOMCEN GUAM.

(2) The Air Force Automated Weather
Network (AWN) provides weather data to JTWC
through a dedicated circuit from the Automa-
ted Digital Weather Switch (ADWS) at Hickam
AFB, Hawaii. The ADWS selects and routes
the large volume of meteorological reports
necessary to satisfy JTWC reguirements for
the right data at the right time. Weather
bulletins prepared by JTWC are inserted into
the AWN circuit via the NEDS and the Nimitz
Hill Naval Telecommunication Center (NTCC)
of the Naval Communications Area Master
Station Western Pacific.

(3) The Naval Environmental Data
Network (NEDN) is the communications link
with thée computers at FLENUMOCEANCEN. JTWC
is able to receive environmental data from
FLENUMOCEANCEN and access the computers
directly to run various programs.

Manual streamline analysis of the 500
mb level is accomplished on the 0000Z and
12002 data. This analysis is used to deli-



neate the mid-tropospheric steering cur-
rents, which are extremely important to the
TDO.

b. The Naval Environmental Display
Station (NEDS) has become the backbone of
the JTWC communications system; it is the
terminal that provides a direct interface
with the NEDN and AWN. It is also capable
of preparing messages for indirect AUTODIN
transmission. NTCC supports JTWC communica-
tions by transmitting back-up AWN messages
using message tapes from the NEDS as well as
transmitting the AUTODIN message tapes. The
NEDS is also used extensively by the Typhoon
Duty Officer (TDO) to reguest a multitude of
forecast aids which are processed by the
FLENUMOCEANCEN computers and transmitted to
the TDO over the NEDN circuit.

4. ANALYSES

A composite surface/gradient level (3000
ft) manual analysis of the JTWC area of
responsibility is accomplished on the 00002
and 12002 conventional data. Analysis of
the wind field using streamlines is stressed
for tropical and subtropical regions. Ana-
lysis of the pressure field is accomplished
routinely by the NOCC Operations watch-team
and may be used in conjunction with JTWC's
analysis of tropical wind fields.

Manual streamline analysis of the 500 mb
level is accomplished on the 0000Z and 12002
data. This analysis is used to delineate
the mid-tropospheric steering currents,
which are extremely important to the TDO.

A composite upper-tropospheric manual
streamline analysis is accomplished daily
for the 00002 and 1200Z data fields utiliz-
ing rawinsonde data from 300 mb through 100
mb, wind directions extracted from satellite
data by Det 1, 1WW, winds derived from cloud
motion analysis, and AIREPS (plus or minus
6 hours) at or above 29,000 feet. Wind and
height data are used to arrive at a repre-
sentative analysis of tropical cyclone out-
flow patterns, of steering currents, and of
areas that may indicate tropical cyclone
intensity change. All charts are hand plot-
ted .over areas of tropical cyclone activity
to provide all available data as soon as
possible to the TDO. These charts are
augmented by the computer-plotted charts for
the final analyses.

Additional sectional charts at interme-
diate synoptic times and auxiliary charts
such as station~time plot diagrams and
pressure-~change charts are also analyzed
during periods of significant tropical cy-
clone activity.

5. FORECAST AIDS
a. CLIMATOLOGY:

Climatological publications utilized
during the 1981 typhoon season include pre-
vious JTWC Annual Typhoon Reports and clima-
tic publications from local sources, Naval
Environmental Prediction Research Facility,
Naval Postgraduate School, Air Weather
Service, First Weather Wing and Chanute
Technical Training Center. Publications
from other Air Force and Navy activities,
various universities and foreign countries
are also used by the JTWC.

b. OBJECTIVE TECHNIQUES:

The following objective techniques
were employed in tropical cyclone forecast-
ing during 1981. A description of these
techniques is presented in Chapter IV.

(1) 12 HR EXTRAPOLATION
(2) CLIMATOLOGY

(3) HPAC (Combined extrapolation
and climatology)

(4) TROPICAL CYCLONE MODEL (Dynamic)
(5) CYCLOPS (Steering)
(6) TYAN78 (Analog)

(7) NESTED TROPICAL CYCLONE MODEL
(Dynamic)

(8) BPAC (Blended extrapolation and
climatology)

6. FORECASTING PROCEDURES

a. INITIALIZATION:

In the preparation of each warning,
the actual surface location (fix) of the
tropical cyclone eye/center just prior to
(within three hours of) warning time is of
prime importance. JTWC uses the Selective
Reconnaissance Program (SRP) to levy an
optimum mix of resources to obtain fix in-
formation. When tropical cyclones are
either poorly defined or the actual surface
location cannot be determined, or when con-
flicting fix information is received, the
"best estimate" of the surface location is
subjectively determined from the analysis
of all available data. If fix data are not
available due to reconnaissance platform
malfunctions or communication problems,
synoptic data or extrapolation from previous
fixes are used. The initial forecast (warn-
ing time) position is then obtained by ex-
trapolation using the latest fix and a
"best track" of the cyclone movement to date.

b. TRACK FORECASTING:

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

(1) The prospects for recurvature
are evaluated. This evaluation is based
primarily on present and forecast positions
and amplitude of middle tropospheric mid-
latitude troughs from the latest 500 mb ana-
lysis and numerical prognoses.

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

(3) The proximity of the tropical
cyclone to other tropical cyclones is evalu-



ated to determine if there is a possibility
of Fujiwhara interaction.

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

(5) A final check is made against
climatology to determine whether the forecast
track is reasonable. If the forecast devi-
ates greatly from climatology, the forecast
rationale is reappraised.

c. INTENSITY FORECASTING:

In forecasting intensity, heavy re-
liance is placed on aircraft reconnaissance
reports, the Dvorak satellite interpretation
model, wind and pressure data from ships and
land stations in the vicinity of the cyclone,
and the objective techniques. Additional
considerations are the position and inten-
sity of the tropical upper-tropospheric
trough (TUTT), extent and intensity of
upper-level outflow, sea-surface temperature
terrain influences, vertical wind shear and
proximity to an extratropical environment.

7. WARNINGS

Tropical cyclone warnings are issued
when a definite closed circulation is evi-
dent and maximum sustained wind speeds are
forecast to increase to 34 or more knots
within 48 hours, or the cyclone is in such a
position that life or property may be endan-
gered within 72 hours. Warnings are also
issued in other situations if it is deter-
mined that there is a need to alert military
and civil interests to conditions which may
become hazardous in a short period of time.
Each tropical cyclone warning is numbered
sequentially and includes the initial warn-
ing time, eye-center position, intensity,
the radial extent of 30, 50 and 100 knot
surface winds (when applicable), the levied
reconnaissance platform used, the instanta-
neous speed and direction of movement of the
cyclone's surface center at warning time and
the forecast information. The forecast in-
tervals for all Northern Hemisphere tropical
cyclones, regardless of intensity, are 12,
24, 48, and 72 hr.

Warnings within the JTWC North Pacific
area are issued within two hours of 00002z,
06007, 1200Z, and 1800Z with the constraint
that consecutive warnings may not be more
than seven hours apart. Warnings in the
JTWC North Indian Ocean area are issued
within two hours of 0200z, 08002, 1400Z, and
2000z, again with the constraint that conse-
cutive warnings may not be more than seven
hours apart. Warning forecast positions are
verified against the corresponding "best
track" positions. A summary of the verifi-

. cation results from 1981 is presented in
Chapter IV.

As of 1 January 1980, JTWC issued tropi-
cal cyclone warnings in an ADP (Automated
Data Processing) format. The format allows
commands with ADP equipment to enter tropi-
cal cyclone warning data directly into ADP
equipment data bases. The format also

possesses readability for users without ADP
equipment.

8. PROGNOSTIC REASONING MESSAGE

For tropical cyclones in warning status
in the North Pacific area, prognostic rea-
soning messages are transmitted following
the 00002 and 12002 warnings, or whenever
the previous reasoning is no longer valid.
This plain language message is intended to
provide meteorologists with the reasoning
behind the latest JTWC forecast. Prognos-
tic reasoning messages are not normally
prepared for tropical depressions nor for
cyclones in the North Indian Ocean area.

For the.1981 season, JTWC included con-
fidence statements for the 24- and 48-hour
forecasts. The confidence values were per-
centage probabilities that the 24~hour fore-
cast position exror would be less than 100
nm and less than 150 nm, respectively, and
that the 48-hour error would be less than
200 nm and less than 300 nm, respectively.
These probabilities were based on objective
data from error analysis studies of past
cyclones and were a function of latitude,
longitude, storm intensity, organization and
the number of western Pacific cyclone in
existence.

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

9. SIGNIFICANT TROPICAL WEATHER ADVISORY

This plain language message, contains a
detailed, non-technical description of all
significant tropical cyclone development
within the 24-hour forecast period. It is
issued by 0600Z daily.

10. TROPICAL CYCLONE FORMATION ALERT

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



CHAPTER II - RECONNAISSANCE AND FIXES

1. GENERAL

The Joint Typhoon Warning Center depends
on reconnaissance to provide necessary,
accurate, and timely meteorological informa-
tion in support of each warning. JTWC re-
lies primarily on three reconnaissance
platforms: aircraft, satellite, and radar.
In data rich areas synoptic data is also
used to supplement the above. Optimum
utilization of all available reconnaissance
resources is obtained through the Selective
Reconnaissance Program (SRP), whereby var-
ious factors are considered in selecting a
specific reconnaissance platform to support
each warning. These factors include: cy-
clone location and intensity, reconnais-
sance platform capabilities and limitations,
and the cyclone's threat to life/property
afloat and ashore. A summary of reconnais-
sance fixes received during 1981 is included
in Section 6 of this Chapter.

2. RECONNAISSANCE AVAILABILITY

a. Aircraft:

Aircraft weather reconnaissance in
the JTWC area of responsibility is performed
by the 54th Weather Reconnaissance Squadron
(54th WRS) located at Andersen Air Force
Base, Guam. Presently equipped with six
WC-130 aircraft, the 54th WRS, from Julv
through October, is augmented by the 53rd
WRS from Keesler Air Force Base, Mississippi,
bringing the total number of available air-
craft to nine. The JTWC reconnaissance
requirements, provided daily throughout the
year to the Tropical Cyclone Aircraft
Reconnaissance Coordinator (TCARC), include
area(s) to be investigated, tropical cy-
cylone(s) to be fixed, fix times, and fore~-
cast positions for fixes. The following
priorities are utilized in acquiring meteor-
ological data from aircraft, satellite, and
land-based radar in accordance with CINCPAC-
INST 3140.1P:

"(1l) Investigative flights and
vortex or center fixes for each scheduled
warning in the Pacific area of responsibi-
lity. One aircraft fix per day of each
cyclone of tropical storm or typhoon inten-
sity is desirable.

(2) Supplementary fixes.
(3) Synoptic data acquisition.”

As in previous years, aircraft recon-
naissance provided direct measurements of
height, temperature, flight-level winds,
sea-level pressure, estimated surface winds
{when observable), and numerous additional
parameters. The meteorological data are
gathered by the Aerial Reconnaissance Wea-
ther Officers (ARWO} and dropsonde operators
of Detachment 4, Hq AWS, who fly with the
54th WRS. These data provide the Typhoon
Duty Officer (TDO) indications of changing
cyclone characteristics, radius of cyclone

associated winds, and present cyclone posi-
tion and intensity. Another important as-
pect is the availability of the data for
research on tropical cyclone analysis and
forecasting.

b. Satellite

Satellite fixes from USAF/USN ground
sites and USN ships provide day and night
coverage in the JTWC area of responsibility.
Interpretation of this satellite imagery
provides cyclone positions and estimates of
storm intensities through the Dvorak techni-
que (for daytime passes).

Detachment 1, lst Weather Wing,
which receives and processes polar orbiting
satellite data, is the primary fix site for
the western Pacific. Satellite fix posi-
tions received at JTWC from the Air Force
Global Weather Central (AFGWC), Offutt Air
Force Base, Nebraska and the Naval Oceano-
graphy Command Detachment at Diego Garcia
were the major sources of satellite data for
the Indian Ocean. GOES fixes were also
provided by the National Environmental
Satellite Service, Honolulu, Hawaii for
tropical cyclones near the dateline.

c. Radar

Land radar provides positioning data
on well developed cyclones when in the
proximity (usually within 175 nm (324 km))
of the radar sites in the Republic of the
Philippines, Taiwan, Hong Kong, Japan, the
Republic of Korea, Kwajalein, and Guam.

d. Synoptic

In 1981, JTWC also determined
tropical cyclone positions based on the ana-
lysis of the surface/gradient level synoptic
data. These positions were helpful in
situations where the vertical structure of
the tropical cyclone was weak or accurate
surface positions from aircraft were not
available due to flight restrictions.

3. AIRCRAFT RECONNAISSANCE SUMMARY

During the 1981 tropical season, the
JTWC levied 201 six-hourly vortex fixes and
78 investigative missions of which 21 were
flown into disturbances which did not
develop. In addition to the levied fixes,
106 supplemental fixes were also obtained.
The number of levied investigative missions
has increased steadily over the past five
years in response to JTWC's increased ef-
forts to detect initial tropical cyclone
development. The average vector error for
all aircraft fixes received at the JTWC
during 1981 was 13 nm (24 km).

Aircraft reconnaissance effectiveness is
summarized in Table 2-1 using the criteria
as set forth in CINCPACINST 3140.1P.



TABLE 2-1. AIRCRAFT RECONNATSSANCE EFFECTIVENESS

ZFFECTIVENESS NUMBER OF PERCENT
LEVIED FIXES

COMPLETED ON TIME 184 91.5
EARLY 3 1.5
LATE 1 5.5
MISSED 3 1.5

TOTAL 201 100.0

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 3.7
1974 358 30 8.4
1975 217 7 3.2
1976 317 i1 3.5
1977 203 3 1.5
1978 290 2 0.7
1979 289 14 4.8
198C 213 4 1.9
1981 201 3 1.5

4. SATELLITE RECONNAISSANCE SUMMARY

The Air Force provides satellite recon-
naissance support to JTWC using imagery data
from DMSP and NOAA polar-orbiting spacecraft.
In addition, geostationary satellite data is
also available.

The DMSP cyclone surveillance network
consists of both tactical and centralized
facilities. Tactical DMSP sites are located
at Nimitz Hill, Guam; Clark AB, Philippines;
Kadena AB, Japan; Osan AB, Korea; and Hickam
AFB, Hawaii. These sites provide a combined
coverage that includes the JTWC area of
responsibility in the western North Pacific
from near the dateline westward to the Malay
Peninsula. The Navy tactical site at Diego
Garcia continues to provide NOAA polar-orbit-
ing coverage in the central South Indian
Ocean. Their reconnaissance supplements the
Air Force Global Weather Central (AGWC) sup-
port in this data sparse region.

AFGWC, located at Offutt AFB, Nebraska
is the centralized member of the satellite
cyclone surveillance network. In support to
JTWC, AFGWC processes imagery from DMSP and
NOAA spacecraft. Imagery processed at AFGWC
is recorded on-board the spacecraft as it
passes over the earth. Later, these data are
downlinked to AFGWC via a network command/
readout sites and communications satellites.
This enables AFGWC to obtain the coverage
necessary to fix all cyclones of interest to
JTWC. AFGWC has the primary responsibility
to provide cyclone surveillance over the
entire Indian Ocean and a small portion of
the western North Pacific near the dateline.
Additionally, AFGWC can be tasked to provide
storm positions in the western North Pacific
and South Pacific as backup to coverage
routinely available in this region.

The hub of the network is Det 1, 1Ww
colocated with JTWC, Nimitz Hill, Guam.
Based on available satellite coverage, Det 1
coordinates satellite reconnaissance re-
guirements with JTWC and tasks the indivi-
dual network sites for the necessary storm
fixes. Therefore, when a position from a
polar-orbiting satellite is required as the
basis for a warning, called a levied fix,

a dual sight tasking concept is applied.
Under this concept two sites are tasked to
fix the cyclone off the same satellite pass.
This provides the necessary redundancy to
virtually guarantee JTWC a successful satel-
lite fix on the cyclone. Using this dual-
site concept, the satellite reconnaissance
network was able to meet all of JTWC's
levied satellite fix requirements., Dual-
site tasking is applied in the Indian Ocean
as well by using AFGWC and the Navy weather
detachment site at Diego Garcia.

The network provides JTWC with several
products and services. The main service is
one of surveillance. Each site reviews its
daily satellite coverage for indications of
tropical cyclone development. If an area
exhibits the potential for development, JTWC
is notified. Once JTWC issues either an
alert or warning, the network is tasked to
provide three products: cyclone positions,
cyclone intensity estimates, and 24-hour
cyclone intensity forecasts. Satellite
cyclone positions are assigned position code
numbers (PCN) depending on the availability
of geography for precise gridding and the
degree of organization of the cyclone's
circulation center (Table 2-2). During 1981
the network provided JTWC with over 1200
satellite fixes on WESTPAC tropical distur-
bances. Another 110 fixes were made by Det
1 for tropical disturbances in the North
Indian Ocean. A comparison of those fixes
made on WESTPAC numbered tropical cyclones
with their corresponding JTWC best track
positions is shown in Table 2-3. Estimates
of the cyclone's current intensity and a 24-
hour intensity forecast are made once each
day by applying the Dvorak technique (NOAA
Technical Memorandum NESS 45 as revised) to
daylight visual data.

The availability of polar-orbiting
meteorological satellites improved since the
end of 1980. At that time only NOAA 6 and
F~3 (FTV 14537), both sunrise orbiters, were
available. However, in June NOAA 7 was
successfully launched with the network able
to use visual imagery by orbit 25 and IR
data by orbit number 210. NOAA 7 replaced
TIROS-N and is in a mid-afternoon orbit.
NOAA 6 continued to function normally
throughout the year except for a brief 3

TABLE 2-2. POSITION CODE NUMBERS

PCN METHOD OF CENTER DETERMINATION/GRIDDING

EYE/GEOGRAPHY

EYE/EPHEMERIS

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

NS W

CC=Circulation Center




TABLE 2~3. MEAN DEVIATION (NM)} OF ALL SATELLITE DERIVED TROPICAL
CYCLONE POSITIONS FROM THE JTWC BEST TRACK POSITIONS.
NUMBER OF CASES IN PARENTHESIS.
WESTPAC WESTPAC INDIAN OCEAN INDIAN OCEAN
1974-1980 AVERAGE 1981 1980 1981
PCN (ALL SITES) {ALL SITES) (ALL SITES) (ALL SITES)
1 13.1 (269) 14.6 (159) - 17.0 ( 9)
2 18.0 { 80) 16.6 ( 5) - 9.5 ( 2)
3 20.5 (435) 17.5 (217) - 29.7 ( 6)
4 23.8 (107) 38.3 ( 13) - -
5 38.1 (725) 35.2 (789) 35.7 ( 8) 29.9 (14)
6 42.6 (278) 55.1 ( 39) 44.6 (12) 32.7 (21)
1l&2 14.2 (349) 14.7 (164) - 15.6 (11)
3s4 21.2 (542) 18.7 (230) - 29.7 ( 6)
5&6 39.3 (1003) 36.1 (828) 41.0 (20) 31.6 (35)

week period in August and September. During
that time a data anomaly, developed rendering
the visual and IR data unusable. However,
the problem corrected itself and despite
over 13,000 orbits by the end of 1981, the
spacecraft is functioning normally. While
most network sites use NOAA 6 on a routine
basis, Det 1 now uses NOAA 7 as its primary
surveillance and reconnaissance satellite.
Higher sun angle giving clearer visual
imagery and more timely nodal crossings
makes NOAA 7 more conducive to Det 1 opera-
tions. On the DMSP side, no new launches
were attempted in 1981. F-3 is still pro-
viding ascending daylight coverage despite
19,000 orbits. In summary, NOAA 6, NOAA 7
and F-3 were being used at years end.

Besides fixes from the network, JTWC
also received satellite-derived cyclone posi-
tions from several secondary sources during
1981. These included: U. S. Navy ships
equipped for direct readout; the National
Environmental Satellite Service (NESS) using
NOAA and GOES data; and the Naval Polar
Oceanography Center, Suitland, Maryland
using stored DMSP and NOAA data. Fixes from
these secondary sources are not included in
the network statistics.

5. RADAR RECONNAISSANCE SUMMARY

seventeen of the 29 significant tropical
cyclones occurring over the western North
Pacific during 1981 passed within range of
land based radars with sufficient cloud pat-
tern organization to be fixed. The hourly
and oftentimes, half-hourly land radar fixes
that were obtained and transmitted to JTWC
totaled 584.

The WMO radar code defines three cate-
gories of accuracy: good (within 10 km
(5.4 nm)), fair within 10-30 km (5.4-16.2
nm)), and poor (within 30-50 km (16.2-2.27
nm))}. This year, 584 radar fixes were coded
in this manner; 254 were good, 172 fair, and
158 poor. Compared to the JTWC best track,
the mean vector deviation for land radar
sites was 18 nm (33 km). Excellent support
through timely and accurate radar fix posi-
tioning allowed JTWC to track and forecast
tropical cyclone movement through even the
most difficult and erratic tracks.

No radar fixes were made by 54th WRS
aircraft during the WESTPAC tropical cyclone
season and, as in previous years, no radar

reports were received on Indian Ocean cy-
clones.

6. TROPICAL CYCLONE FIX DATA

A total of 2230 fixes on 29 northwest
Pacific tropical cyclones and 111 fixes on
3 northern Indian Ocean tropical cyclones
were received at JTWC. Table 2-4, Fix Plat-
form Summary, delineates the number of fixes
per platform for each individual tropical
cyclone. Season totals and percentages are
also indicated.

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

FIX NO. - Sequential fix number

TIME (2)
minutes

-~ GMT time in day, hours and

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

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

a. Satellite

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

(2) DVORAK CODE - Intensity evalua-
tion and trend utilizing visual satellite

data. (For specifics, refer to NOAA TM:
NESS-45) (Table 2-5).
& 2 & &
§ $88§ - .
.~ 8 a H
S0 d &5 F 8
s § L& &
SSSPIUS DC 8
T()/()MINUS/S ( )/(Yhrs
LEAVE W
EXAMPLE: T5/6 MINUS/W1.5/24hrs.




TABLE 2-4.

FIX SUMMARY FOR 1981

FIX SUMMARY

100

OTHER
ATIRCRAFT DMSP NOAA 6&7 SAT RADAR SYNOPTIC
WESTERN PACIFIC
TY FREDA 11 1 10 28 0 4
TS GERALD 17 1 12 37 10 ]
TS HOLLY 22 2 20 48 0 0
TS IKE 1 1 14 39 3 2
TY JUNE 11 ] 18 35 23 0
TY KELLY 7 0 24 32 7 1
TS LYNN 4 0 18 28 78 6
TS MAURY 3 0 9 8 0 11
TS NINA 0 0 5 7 0 3
TY OGDEN 11 0 11 23 73 o}
TD 11 0 0 5 10 0 3
TS PHYLLIS 3 0 4 14 0 0
TS ROY 5 0 17 31 4 0
TS SUSAN 2 0 16 32 0 0
TY THAD 26 2 16 42 9 11
TS VANESSA 2 0 2 19 0 (¢}
TS WARREN 0 0 5 19 0 1
TY AGNES 17 1 16 49 140 2
TY BILL 12 0 9 26 0 0
TY CLARA 19 0 18 42 45 0
TY DOYLE 0 0 16 26 0 0
ST ELSIE 29 1 20 47 9 1
TS FABIAN 1 0 7 12 0 2
TY GAY 30 ) 0 24 43 49 1
TY HAZEN 19 0 17 53 50 2
ST IRMA 18 0 20 50 70 13
TS JEFF 9 ) 7 33 1 0
TY KIT 32 0 30 43 2 0
TY LEE 12 0 11 38 11 0
TOTAL 324 9 395 914 584 63
% OF TOTAL
NO. OF FIXES 14.2 0.4 17.3 39.9 25.5 2.7
NOAA 6&7 OTHER SYNOPTIC
INDIAN OCEAN
TC 27-81 27 0 0
TC 29-81 18 16 0
TC 31-81 23 26 0
TOTAL 68 42 0
% OF TOTAL
NO. OF FIXES 61.8 38.2
s




TABLE 2~5. MAXIMUM SUSTAINED WIND SPEED (KT)
AS A FUNCTION OF DVORAK T NUMBER
AND MINIMUM SEA LEVEL PRESSURE

(MSLP)
TROPICAL CYCLONE WIND MSLP
INTENSITY SPEED (NW PACIFIC)

T 1.0 25 -

T 1.5 25 -

T 2.0 30 1003
T 2.5 35 999
T 3.0 45 994
T 3.5 55 988
T 4.0 65 981
T 4.5 77 973
T 5.0 90 264
T 5.5 102 954
T 6.0 115 942
T 6.5 127 929
T 7.0 140 915
T 7.5 155 900
T 8.0 170 884

_ (3) SAT - Specific satellite used
for fix position (DMSP 37 or NOAA 6, NOAA 7,
or Other).

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

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

b. Aircraft

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

(2) 700 MB HGT - Minimum height of
‘the 700 mb pressure surface within the vor-
-tex recorded in meters.

(3) OBS MSLP - If the surface cen-
‘ter can be visually detected (e.g., in the
eye), the minimum sea-level pressure is ob-
tained by a dropsonde released above the sur-
-face vortex center. If the fix is made at
the 1500-foot level, the sea-level pressure
is extrapolated from that level.

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

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

(5) MAX~-FLT-LVL-WND - Wind speed
(knots) at flight level is measured by the
BN/APN 147 doppler radar system aboard the
WC-130 aircraft. Values entered in this cat-
egory represent the maximum wind measured
prior to obtaining a scheduled fix. This
measurement may not represent the maximum
flight level wind associated with the tropi-

cal cyclone because the aircraft only sam-
ples those portions of the tropical 