
7. TROPICAL CYCLONE SUPPORT SUMMARY

7.1 TROPICAL CYCLONE
FORECASTER’S REFERENCE GUIDE

C.R. Sampson and J.-H. Chu
Naval Research Laboratory, Marine

Meteorology Division, Monterey, CA

The Tropical Cyclone Forecasters Reference
Guide consists of seven chapters. Chapters
1,2,3 and 5 have been published as four Naval
Research Laboratory Publications since 1992.
The remaining chapters, entitled tropical
cyclone motion, intensity and structure, will be
published in 1995.

There will also be a CD-ROM version of the
guide. The paper version of the guide will be
revised and put in an electronic format for
browsing.

7.2 AUTOMATED TROPICAL CYCLONE
FORECASTING SYSTEM (ATCF) 3.0

T.L. Tsui, A.J. Scrader and C.R. Sampson
Naval Research Laboratory, Marine

Meteorology Division, Monterey, CA

The ATCF has been used operationally at
JTWC since 1988. The current system runs on
an IBM-DOS operating system. NRL,
Monterey is adapting the ATCF to the UNIX
operating system. The new system will become
a part of the Tactical Environmental Support
System (TESS) and is expected at JTWC in
June of1996.

7.3 PROTOTYPE AUTOMATED
TROPICAL CYCLONE HANDBOOK
(PATCH)

C.R. Sampson and R.A. Jeffries
Naval Research Laboratory, Marine

Meteorology Division, Monterey, CA

PATCH is an expert system designed to pro-
vide tropical cyclone forecast and training guid-
ance for the western North Pacific Ocean to
JTWC. The scope of the project has expanded
to include expertise pertaining to tropical
cyclone formation, motion, intensification and
dissipation, and structure and structure change.
The expert system is an integral part of the
ATCF upgrade. Initially PATCH will be in a
basic stand-alone mode. Ultimately, it will be
interactive with the ATCF.

7.4 NEW TROPICAL CYCLONE
RELATED WIND DATA SETS

Jeff Hawkins and Chris Velden
Naval Research Laboratory, Marine

Meteorology Division, Monterey, CA

Earth Remote-Sensing Satellite (ERS)- 1
scatterometer data during the 1994 season
proved valuable, although untimely (delayed 8-
24 hours) . The 500 km swath highlighted the
feast or famine nature of this narrow swath sen-
sor. Excellent depiction of tropical cyclone cir-
culation is possible when TC overflights occur
and are especially relevant to TC wind radii
warnings and thus TC numerical model bogus
vortexes. ERS-2 (just launched) and more
importantly the NASA Scatterometer (NSCAT)
sensor (1200 km swath) on (Japanese)
Advanced Earth Observing Satellite (ADEOS)
(1996) will dramatically increase the coverage
of this surface wind vector data set (note: scat-
terometer winds are typically valid up to a limit
of 20-25 m/see) .

Water vapor tracked winds from consecutive
geostationary water vapor channel images are
now under development by the University of
Wisconsin (Velden) to supply upper-level
winds. The advantages are 1) clouds need not
be present and 2) Winds are produced from 200-
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400 mb and thus fill a substantial data void.
Accurate upper-level winds are sorely needed
both by NOGAPS and by analysts trying to
ascertain the synoptic pattern and it’s impact of
track motion and intensity.

GMS-5 completes a near global coverage of
water vapor imagery when combined with the
existing data sets from GOES-7/8 and
METEOSAT. TC applications for real time will
be coming online with automated tracking algo-
rithms within the next 9-12 months.

7.5 SATELLITE IMAGERY ANALYSIS
UPGRADES

Jeff Hawkins and Chris Velden
Naval Research Laboratory, Marine

Meteorology Division, Monterey, CA

Current Dvorak method results indicate dis-
tinct problems when applied to tropical
cyclones (TC) falling within certain categories.
Midget TC’S forming within monsoon gyres,
landfalling TC’S and those that rapidly change
intensity are diflicult to adequately handle using
the present rules. These intensity problems can
be attributed to the fact these cases were not
adequate] y covered in the original data set used
to develop the method, difficulty in applying the
method consistently and the generic limitations
inherent in using visible and/or infrared digital
data.

This effort will focus on studying a large
sample of digital GMS visible/infrared images
that will specifically include numerous exam-
ples from the problem cases noted above.
Operational centers are being surveyed to list
TC’S which caused problems using the Dvorak
technique. Particular attention will be placed on
those storms that contain any validation data
(aircraft, island, buoys, etc ) that will assist in
our evaluating the impact of any upgrades. This
task will attempt to identify specific deficien-
cies in the current methods and test proposed
modifications and/or new techniques aimed at

improving the results and automating them to
the extent possible.

A parallel effort will be designed to analyze
whether SSM/I brighmess temperature images
can be evaluated by themselves or in tandem
with visible/infhred imagery. Eighty-five GHz
imagery depicts the rainband features of TCS
extremely well and often include detail not evi-
dent in visible/iifrared data. A cursory analysis
indicates promise for this task, but this effort
will need to examine hundreds of available
SSM/I images.

7.6 SATELLITE MULTI-SENSOR STRUC-
TURE AND INTENSITY APPLICATIONS

Jeff Hawkins, Kim Richardson, Joe Turk,
Doug May, Nita Chase, Glenn Sandlin,

Gene Poe and Chris Velden
Naval Research Laboratory, Marine

Meteorology Division, Monterey, CA

No single satellite channel or sensor is capa-
ble of measuring all the features and parameters
required by operational centers to accurately
locate and specify the structure and intensity of
tropical cyclones (TC). Thus, a multispectral
multi-sensor combination that takes advantage
of the inherent benefits of each can likely lead
to improved satellite analysis results. This
study will include digital data from imagery
(visible, infrared and passive microwave),
sounders (SSM/Tl & SSM/T2 and the MSU)
and scatterometer sensors.

The SSM/I will be the initial focus of this
study since it measures parameters ideally suit-
ed in depicting the TC and its surrounding envi-
ronment (e.g., surface wind speed, rainrate, total
precipitable water and cloud liquid water).
Earlier efforts have shown that individual
brightness temperatures (Tbs) and derived para-
meters are correlated with TC intensity and can
help in TC positioning.

..
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Ourinitial results reveal that remapping
SSM/1 data to the OLS infrared resolutions can
be successfully done using the method of Poe
(1990). Direct comparisons with OLS data not
only show a one-to-one correlation with rain-
band features, but also indicate detail not avail-
able in either infrared or visible data. In addi-
tion, we have found that multi-channel combi-
nations of SSM/I channels using normalized
differences highlights features and brings out
more storm structure. Information on rain
structure, maturity, and phase (ice, liquid) can
be extracted and potentially help in understand-
ing current intensity.

Initial work on intensity correlation has
been positive, but additional cases involving a
wider variety of TC types and environmental
conditions are required before definitive accura-
cies can be determined. Thus, a data base with
hundreds of SSM/I TC cases is being created
with coincident OLS infrared data. In addition
to regression type comelations, a neural network
approach is being applied to the SSM/I data
sets. All SSM/I Tbs will be put into a training
data set and then applied to an independent data
set for accuracy analysis. This automated
approach could augment and/or provide
increased confidence in Dvorak-type estimates.

Microwave sounder data has proven reliable
by Velden (1991) in depicting upper-level warm
anomalies that are highly correlated with storm
intensity. We are working on methods to incor-
porate this automated technique operationally so
that the TDO has this additional tool in real
time. The multi-sensor task will also review
how to bring this important piece of upper-level
atmospheric information into the broader pic-
ture of a unified intensity estimate.

7.7 DEVELOPMENT OF THE
SYSTEMATIC APPROACH TO
TROPICAL CYCLONE TRACK
FORECASTING

L.E. Carr, III and R.L. Elsberry
Naval Postgraduate School

Monterey, California

A Systematic and Integrated Approach to
Tropical Cyclone Track Forecasting (hereafter
the Systematic Approach) is being developed
that helps forecasters to more insightfully and
consistently: (i) interpret the TC motion ramifi-
cations of evolving global model fields; and (ii)
anticipate errors in the tropical cyclone (TC)
forecast tracks provided by the global model
and by other objective track forecast aids that
depend on the numerical model. The
Systematic Approach is based on the premise
that under certain circumstances forecasters can
formulate TC track forecasts that improve upon
numerical model and objective aid forecasts, if
the forecasters are equipped with two key
knowledge bases. The first knowledge base is a
set of TC-Environmental conceptual models
that may be used to associate a wide variety of
TC motion patterns with a relatively few recur-
ring combinations of TC structure, environment
structure, and interactions between the TC and
its environment. The second knowledge base is
a set of TC track forecast traits for the numeri-
cal model and associated objective aids that is
organized around the meteorological knowledge
base. Development of the overall framework of
the Systematic Approach and the TC-
Environment conceptual models knowledge
base has been completed (Carr and Elsberry
1994 ).

The TC-Environment knowledge base
enabled the forecaster to develop a comprehen-
sive mental picture of the TC-Environmental
situation. This picture consists of conceptual
models of Environment structure, TC structure,
and TC-Environment transformations by which
the structure of the environment and/or the TC
may be changed as they interact. The structure
of the environment surrounding the TC is
assigned to one of four Synophc Patterns, which
are comprised of one or more smaller areas
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called Synoptic Regions. A Pattern and Region
specification together characterizes the contri-
bution of environmental steering to TC motion.

The wind field structure of the TC is char-
acterized in terms of an Intensity and a Size.
The Intensity categories (Exposed Low-level,
Tropical Depression/Storm, Typhoon, Intense
Typhoon) serve primarily to determine the best
steering level at which to make the Pattern and
Region characterization of environment smlc-
ture. The Size categories (Midget, Small,
Average, and Large) are assigned according to
the maximum B-effect propagation (BEP)
speed that would be exhibited by an equivalent
size vortex in a nonlinear barotropic model inte-
gration. To facilitate such a determination of
BEP speed, a TC tangential wind distribution
model based on angular momentum conserva-
tion is developed, and techniques for adjusting
parameters of this model to be consistent with
the wind distribution of the actual TC are pro-
vided.

A key aspect of the TC-Environment con-
ceptual model knowledge base is that various
combinations of Environment structure and TC
structure may initiate certain TC-Environment
transformations, which include:

- Beta Effect Propagation (BEP);
- Vertical Wind Shear (VWS);
- Ridge Modification by Large TC

(RMT);
- Monsoon Gyre-TC Interaction (MTI);

and
- Multiple Tropical Cyclone Interactions

(TCIS).

The TCIS transformation model represents a
significant departure from the conventional
practice of attributing most centroid-relative
rotations between two TCS as arising from the
Fujiwhara effect, i.e., the mutual advection by
the cyclonic circulations of the two TCS.
Rather, a set of six distinct modes of binary TC
interactions, which include both direct and indi-

rect influences, are defined and illustrated via
case studies (Carr and Elsberry 1994).

The result of the TC-Environment transfor-
mations is to cause various motion-affecting
alterations to the Environment Structure and/or
TC Structure combination that initiated the
transformation. The impact on TC Structure is
a rather straightforward change in Intensity
(which affects steering level) and Size. In ‘
terms of the effect on Environmental Structure,
the transformations function as “traditional
mechanisms” that cause the environment of the
TC to transition either from one Synoptic
Region to another within a persistent Synoptic
Pattern, or from one Pattern/Region combina-
tion to another. It is this second type of transi-
tion that usually results in late changes in TC
track that may not be well forecast by numen-
cal models or other objective track forecast
techniques.

7.8 DEVELOPMENT OF A HIGH
CONFIDENCE TROPICAL CYCLONE
INTENSITY DATA BASE

C. P. Guard and M. A. Lander
University of Guam

Mangilao, Guam

A close investigation of the tropical cyclone
intensity data bases of JTWC reveals that the
quality of the data bases may not be sufficient
for tropical cyclone intensity studies and valida-
tion. A “high confidence” intensity data base is
being developed that reevaluates the raw dam
makes changes to the intensity data base where
warranted, then places a confidence level on the
intensity depending on the quality of the raw
data on which the near-surface intensity was
based. Weighting values are developed for the
confidence levels. An important input to the
reevaluation is the maximum intensity from
land falling tropical cyclones. These data are
not routinely available to warning centers out-
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side the country of occurrence. In conjunction
with this initiative is a proposal to the WMO for
the sharing of landfall data among tropical
cyclone warning centers and a proposal to
include the peak gust and its time of occurrence
into the synoptic code.

7.9 AN INVESTIGATION OF THE RELA-
TIONSHIPS BETWEEN CYCLONIC
CELLS IN THE TUTT AND THE INTEN-
SITY CHANGE OF TROPICAL
CYCLONES.

C. P. Guard
University of Guam

Mangilao, Guam

Tropical cyclone intensity change is corre-
lated with the relative proximity of the TWIT
and cyclonic cells within it. Synoptic models
are developed that indicate the most favorable
patterns for tropical cyclone intensification,
rapid intensification, and explosive deepening.
Favorable locations, movements, and separation
distances are identified. Thumb rules for fore-
casters are developed from the synoptic models,
and the synoptic models will also be shared
with modelers to try to better understand the
dynamics that occur during the identified rela-
tionships between the tropical cyclone and the
TuTT.

7.10 THE NATURAL VARIATION IN THE
RELATIONSHIP BETWEEN MAXIMUM
WIND AND MINIMUM CENTRAL PRES-
SURE IN TROPICAL CYCLONES.

M. A. Lander and C. P. Guard
University of Guam

Mangilao, Guam

A three-year investigation of the relation-
ships between maximum wind and minimum
central pressure in tropical cyclones is culminat-
ing in the development of a set of universal

wind-pressure relationships that are basin inde-
pendent. The study reveals the physical para-
meters that contribute to the relationship, and
weights the importance of the various parame-
ters. The radius of maximum winds (RMW)
(basically eye size) and the rate of “fall-off’ of
the winds between the RMW and the outside of
the circulation (basically storm size) are found
to be the most important. The natural variabili-
ty between observed maximum wind speed and
minimum central pressure is explained in terms
of the identified parameters.

7.11 A STUDY OF THE CHARACTERIS-
TICS OF VERY SMALL (MIDGET) TROP-
ICAL CYCLONES.

C. P. Guard and M. A. Lander
University of Guam

Mangilao, Guam

A special case of the study of the relation-
ship between maximum wind and minimum
central pressure in tropical cyclones addresses
the very small or “midget” tropical cyclone in
which the central pressure is frequently
observed to be 20 hpa higher for a specific max-
imum wind than it is in larger tropical cyclones.
The study identifies the unique characteristics
of these cyclones and presents some proposed
mechanisms for their development and rapid
intensification at minimal tropical storm intensi-
ty. A basin-independent wind-pressure relation-
ship is derived for midget tropical cyclones.

7.12 A SAFFIR-SIMPSON-LIKE HURRI-
CANE SCALE FOR THE TROPICAL
WESTERN PACIFIC.

C. P. Guard and M. A. Lander
University of Guam

Mangilao, Guam
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The Saffir-Simpson Hurricane Scale
(Simpson 1974) has been adapted for use in the
tropical western Pacific. After five years of
modification and testing, the scale has been
fine-tuned and implemented for use in the west-
ern Notih Pacific. The Scale incorporates the
basic Saffir-Simpson Scale, but modifies it for
tropical building materials, building practices,
considers the detrimental effects of termites,
wood rot, and sea salt spray, integrates the dam-
age to tropical vegetation and agricultural prod-
ucts, and factors in the affects of coral reefs on
storm surge and inundation. The Scale should
be applicable in the global tropics.

7.13 NOGAPS TROPICAL CYCLONE
FORECAST PERFORMANCE

J.S. Goerss
Naval Research Laboratory

Monterey, California

The tropical cyclone forecast performance
of the NOGAPS T159 global spectral model in
the North Pacific for July-September 1994 was
examined and compared with that for the
NOGAPS T79 forecast model. The impact of
the assimilation of synthetic tropical cyclone
observations upon the NOGAPS T79 analyses
and forecasts for the North Pacific was deter-
mined along with the impact of incorporating
storm motion information into the synthetic
observations. The results of this research were
presented at the 1995 U.S. PACOM Tropical
Cyclone Conference and appear in the confer-
ence proceeding report. A paper on the impact
of the assimilation of the synthetic observations
was presented at the 21st Conference on
Hurricanes and Tropical Meteorology. The
incorporation of storm motion information into
the synthetic tropical cyclone observations was
made operational at FNMOC in March 1995.
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