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ABSTRACT
The Third Comparison of Mesoscale Prediction and Research Experiment (COMPARE) workshop was held in Tokyo,
Japan, on 13-15 December 1999, cosponsored by the Japan Meteorological Agency (JMA), Japan Science and Technology Agency, and the World Meteorological Organization. The third case of COMPARE focuses on an event of explosive tropical cyclone [Typhoon Flo (9019)] development that occurred during the cooperative three field experiments,
the Tropical Cyclone Motion experiment 1990, Special Experiment Concerning Recurvature and Unusual Motion, and
TYPHOON-90, conducted in the western North Pacific in August and September 1990. Fourteen models from nine
countries have participated in at least a part of a set of experiments using a combination of four initial conditions provided and three horizontal resolutions. The resultant forecasts were collected, processed, and verified with analyses and
observational data at JMA. Archived datasets have been prepared to be distributed to participating members for use in
further evaluation studies.
In the workshop, preliminary conclusions from the evaluation study were presented and discussed in the light of
initiatives of the experiment and from the viewpoints of tropical cyclone experts. Initial conditions, depending on both
large-scale analyses and vortex bogusing, have a large impact on tropical cyclone intensity predictions. Some models
succeeded in predicting the explosive deepening of the target typhoon at least qualitatively in terms of the time evolution of central pressure. Horizontal grid spacing has a very large impact on tropical cyclone intensity prediction, while
the impact of vertical resolution is less clear, with some models being very sensitive and others less so. The structure of
and processes in the eyewall clouds with subsidence inside as well as boundary layer and moist physical processes are
considered important in the explosive development of tropical cyclones. Follow-up research activities in this case were
proposed to examine possible working hypotheses related to the explosive development.
New strategies for selection of future COMPARE cases were worked out, including seven suitability requirements
to be met by candidate cases. The VORTEX95 case was withdrawn as a candidate, and two other possible cases were
presented and discussed.
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1. Introduction
The third Comparison of Mesoscale Prediction and
Research Experiments (COMPARE) workshop was
held 13-15 December 1999 in the Japan Meteorological Agency (JMA) headquarters in Tokyo, Japan,
sponsored by the World Meteorological Organization
(WMO), Japan Science and Technology Agency, and
JMA and supported by the Meteorological Society of
Japan. The COMPARE project is one of the model intercomparison projects being conducted under the auspices of the WMO/Commission for Atmospheric
Sciences-Joint Scientific Committee Working Group
for Numerical Experimentation (WGNE), and the third
case has focused on tropical cyclone (TC) intensity prediction with mesoscale numerical models. The reader is
referred to Gyakum et al. (1996) for an overview of the
COMPARE project including its long-term objectives.
Predictions have been submitted from 14 mesoscale models of the experiments proposed by JMA and
endorsed by the COMPARE Steering Committee to
address a challenging issue of numerical prediction of
explosive development of tropical cyclones. In the
workshop, attended by 54 scientists from 11 nations,
results of validation and intercomparison were reported by the lead center (JMA). Several discussions
were held on the contributions made by the validation
and intercomparison study and on the clues to how and
to what extent we can improve model performance in
tropical cyclone intensity prediction. Major contributions and points of discussions are summarized below.

2. Opening
The chairman of the local organizing committee,
K. Yamamoto, director general of the Forecast Department of JMA, gave the welcoming address to participants in the workshop. He identified the purpose of this
workshop for case III of COMPARE focusing on tropical cyclone intensity prediction as properly addressing the challenging issue with increasing demand and
clarifying its major contributions to mesoscale modeling and better understanding of mesoscale phenomena through discussions. He referred to a huge storm
surge that occurred in September 1999 in western Japan and claimed 12 human lives, which was the largest loss in the last 40 years in Japan. He closed his
presentation with acknowledgments to the workshop
sponsors as well as to the cooperating scientists and
institutions.
2008

3. Session 1: Keynote addresses and
general reports (choir: M. Nagata, JMA)
L. Leslie (UNSW), chair of the COMPARE Steering Committee, provided an overview of case III of
the COMPARE project. He showed a steady enhancement of tropical cyclone track forecast accuracy
with emphasis placed on the roles played by fourdimensional data assimilation and dense observational
data obtained through satellites. Examples in which a
significant improvement was noted include Tropical
Cyclones Olivia in 1997 and Katrina in 1998. He introduced Typhoon Flo as the target of case III of the
COMPARE project, whose explosive deepening stage
was covered by one of the intensive observation periods (IOPs) of the three cooperatively conducted field
experiments: U.S.-led Tropical Cyclone Motion Experiment 1990 (TCM-90; Elsberry 1990), Economic
and Social Commission for Asia and the Pacific
(ESCAP)/WMO TC-led SPECTRUM, and former
Soviet Union-led TYPHOON-90. He recognized that
COMPARE case III, focusing on tropical cyclone intensity, was a timely case study for model intercomparisons considering the rapidly improving modeling
skill in the field of tropical cyclone research.
Several questions were asked from the floor: one
on the sensitivity of mean track forecast error to an
intensity threshold in selecting tropical cyclones, another on possible ocean effects on tropical cyclone intensity, and others on details of the experiments that
showed a significantly improved skill with the fourdimensional data assimilation and dense observational
data obtained through satellites. Throughout the discussions, the importance of model resolution in TC
prediction was recognized. In addition, Y. Kurihara
argued that large-scale environmental fields are also
very important but are often analyzed differently
among numerical weather prediction (NWP) centers.
M. Nagata (JMA) first demonstrated, as background, how steadily the tropical cyclone track forecasts have been improving for the last few decades. He
then contrasted it with the current status of tropical cyclone intensity prediction with numerical models, referring to validation statistics of operational intensity
predictions from JMA's Typhoon Model (TYM). The
statistics show that this particular model has some
capability of predicting tropical cyclone intensity and
also its change in 72 h, at least qualitatively, although
the errors are still large. Based on this background, he
identified the following as the final goals for the operational forecasting community and the academic
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research community, respectively: intensity forecasts
of sufficient accuracy and mechanisms of explosive
development of tropical cyclone.
Nagata also pointed out significant features of the
target phenomenon, including the explosive deepening of Typhoon Flo, and identified two stages with
different deepening rates. According to the time evolution of central pressure, Flo showed a slow deepening for the first 36 h from the designated initial time
for the simulation at 0000 UTC 14 September 1990
and then turned into an explosive deepening stage with
a deepening of 55 hPa in 24 h, which commenced
around 1200 UTC 15 September. Based on the features
of the target phenomenon and the background, he explained the following issues explored in the validation
and model intercomparison:
•
•
•
•
•
•

capability of predicting tropical cyclone intensity
change,
impact of (horizontal) resolutions,
impact of initial fields,
impact of vertical resolutions,
sensitivity of tropical cyclone intensity to physics,
and
mechanisms/key factors of tropical cyclone development (not explored up to the present).

To address the issues raised, four different initial
fields are prepared by combining JMA's global analysis and the National Centers for Environmental
Prediction's (NCEP's) regional analysis with and
without the TC bogus of the Geophysical Fluid Dynamics Laboratory's (GFDL's) Hurricane Model.
Experiments are conducted with these four initial conditions and two horizontal resolutions:
•

•

initial fields
• JMA analysis with JMA TC bogus (expt 1A)
• JMA analysis with GFDL TC bogus (expt 1B)
• NCEP Eta analysis without any TC bogus
(expt 1C)
• NCEP Eta analysis with GFDL TC bogus
(expt ID)
horizontal resolutions: 50 and 20 km

Institutions and models participating in this case
are shown in Table 1. Nagata completed his presentation by summarizing major features of the participating models in each fundamental aspect.
H. Kamahori at the Meteorological Research Institute (MRI) of JMA explained the analysis scheme
Bulletin of the American Meteorological Society

used to make the global analysis at MRI, the observations available, and the quality of each kind of observational data. The major points are tropical cyclone
bogusing in the data assimilation and quality of each
kind of data. In the global analysis of JMA, which
currently is the statistical interpolation method, the
bogus tropical cyclone is constructed based on a few
parameters analyzed by forecasters on duty and
merged into the first guess (6-h prediction) field provided by the Global Spectral Model, and then an objective analysis is made with observational data. Data
used for the analysis are
•
•

online conventional data obtained through the Global Telecommunication System (GTS)
offline data
• Television Infrared Observation Satellite Operational Vertical Sounder ID-VAR data pro-

TABLE 1. Participating institutions and models.

Institution (Country)
JMA (Japan)

Model
TYM (RSM)

UKMO (United Kingdom)

Unified Model

FISBAT/CNR* (Italy)

BOLAM

NCEP (United States)

RSM

DWD (Germany)

EM10M

RPN/EC (Canada)

MC2

RPN/EC (Canada)

GEM

INM (Spain)

HIRLAM

NCEP (United States)

Eta

CSIRO (Australia)

DARLAM

CSIRO (Australia)

CSIRO-S

MRI/JMA (Japan)

JSM

NRL (United States)

COAMPS

NCMRWF** (India)

RSM

*FISBAT-CNR has changed its name to ISAO-CNR.
**National Centre for Medium-Range Weather Forecasting.
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•

vided by the European Centre for MediumRange Weather Forecasts (ECMWF)
TCM-9O/SPECTRUM/TYPHOON-9O data
archived by the U.S. Office of Naval Research
• SATOB (cloud drift winds provided by
University of Wisconsin)
• dropwind sondes
• drifting buoys
• aircraft [National Aeronautics and Space
Administration (NASA) DC-8]
• intensive upper-air soundings.

Among the special field observational data, he first
pointed out that the drifting buoys had large biases
while they had small standard deviations of differences from the first guess, which allowed bias correction to provide useful data for analysis. Cloud drift
winds reprocessed by the University of Wisconsin are
a good data source although differences from the first
guess are not very small: rms of differences from the
first guess are approximately 5 and 8 m s_1 at 850 and
200 hPa, respectively. He noted systematic positive
biases in geopotential at most of the intensive upperair (sonde) observation stations on the islands in the
western North Pacific and some biases and relatively
large standard deviations of differences from the first
guess in geopotential at the former Soviet Union observation vessels. For validation of mesoscale fields
during the intensive observation period, exceptionally
dense data were taken by the NASA DC-8 aircraft,
although the flight intervals are not short and the flight
level is basically single (around 200 hPa only). To
make an objective analysis at that level, successive
correction method was applied to the aircraft data of
temperature and wind with JMA's Global Analysis
used as a first guess. The objective analysis at 200 hPa
shows a distinct warm core of 5-K temperature surplus with concentrated cyclonic circulation. Meanwhile, dropsonde data are regrettably dropped after
careful consideration because of large errors against
the first guess field.
From the floor, R. Elsberry (U.S. Naval Postgraduate School) provided information that the raw data of
the NASA aircraft show a 8-K temperature change in
just several kilometers across the warm core boundary, meaning that a very small-scale change exists,
which could not be fully represented even in the special localized objective analysis.
Y. Kurihara [GFDL/National Oceanic and Atmospheric Administration (NOAA) formerly, Frontier
Research System for Global Change currently], briefly
2010

introduced the methodology and a problem in the
tropical cyclone initialization of the GFDL Hurricane
Model (Kurihara et al. 1993). A unique point is that it
employs an axisymmetric TC model to construct a
bogus vortex. During the integration of the axisymmetric model, winds are gradually nudged to a target
profile determined with Holland's profile and available analyzed parameters. The resultant vortex is
merged into the environmental field, which has been
prepared by subtracting a corresponding TC vortex
from the objective analysis field adopted as the basic
field. No special treatment was done on a negligibly
small overlapping of two neighboring bogus vortices
of Ed (9018) and Flo (9019) coexisting in the monsoonal trough. When the GFDL Hurricane Modeling
group tried to apply their bogusing scheme into JMA's
Global Analysis and NCEP's Eta Model Regional
Analysis, they encountered a large imbalance leading
to systematic large errors in height fields near steep
orography. They solved the problem by modifying
their scheme with a kind of incremental approach in
such a way that they assume a perfect balance between
mass and momentum fields in the basic objective
analysis, which has been prepared in a different model
with different orography. They then solve a reverse
balance equation, which is reformulated for only the
perturbation components.
Kurihara noted that the size of the target TC is
larger after the GFDL initialization than before: radius
of 30 kt (approximately 15 ms - 1 ) winds is 450 km after and less than 300 km before the GFDL initialization as compared against 417 km in the Regional
Specialized Meteorological Center (RMSC) TokyoTyphoon Center Best Track data. He also noted that
we should keep in mind that three different models
have been involved in the results of experiments 1B
and ID: one is the model used in the analysis, another
is the model used in the GFDL TC initialization, and
yet another is the model used in the prediction experiment itself.
R. F. Abbey Jr. (U.S. Office of Naval Research)
provided a comprehensive overview of past and
present achievements and an encouraging outlook for
future developments in the research of tropical cyclone predictions from the standpoint of a sponsor
supporting various research initiatives. He placed special emphasis of research on the understanding of
physical processes that govern tropical cyclone motion, structure, and intensity, which can be achieved
in a cooperative research triangle consisting of analytical, theoretical, and experimental (observational)
Vol. 82, No. 9, September 200 7
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studies. He noted that case III of the COMPARE exercise provided a valuable opportunity in this respect,
as well as in terms of providing analyses for exploring coupling processes between the ocean mixed layer
and tropical cyclones. He identified two major roles
of numerical models in this research field: one is as
an integrator of observational datasets, and the other
is as a demonstrator of improved understanding of
physical processes. He noted that since TC intensity,
structure (size), and motion are highly interrelated, it
is not appropriate to treat one of them separately from
the others.
Abbey demonstrated an alarming decrease in funding for basic research on tropical cyclones and advocated a more active role for the scientific and numerical
modeling community to clearly define the most
important problems needing immediate attention.
Nonetheless, at present several research initiatives are
going on in various fields, such as

ine how rapidly initially close pieces of TC trajectories diverged in time (out of 72 h). The second approach, Inherent Limit 2, used ensembles of forecasts
with acceptable initial position errors and calculated
the error growth in time, again out to 72 h. Finally,
Inherent Limit 3 used optimal linear combinations of
three different models [UNSW, NCEP, and the Met
Office of the United Kingdom (UKMO)] to obtain
lower limits of track errors. When compared with a
state-of-the-art NWP model in practice (in this case
the UNSW model), it was found that there was still
an improvement (reduction) possible of about 50% in
track forecast (errors).
Summarizing his presentations of various approaches, Abbey pointed out that the following components among numerous developments are important
ones leading to significant reductions of tropical cyclone prediction errors at present:
•

•
•
•
•
•
•
•
•

COMPARE III,
systematic approach,
ensemble forecasting,
limits of predictability,
coupling models,
new observations,
4D-VAR, and
increased vertical levels.

Recognizing that there is a gap between simulation
and prediction, he explained the importance of the
systematic approach developed by L. Carr and
R. Elsberry at the Naval Postgraduate School (NPS)
in some detail. He identified the Flo case adopted in
case III of COMPARE as a well-behaved one among
various possible scenarios from the viewpoint of ensemble forecasting, with only a small variability of
tracks among the participating models.
He then described a research program being carried out by himself, L. Leslie, and G. Holland (Bureau of Meteorology Research Centre, Australia),
which was aimed at finding the lower limit of tropical cyclone track prediction error and how close this
was being approached in practice. A limit to predictability exists because the governing equations are deterministically chaotic and small errors in the initial
fields will grow until the forecast is no longer useful.
Chaos theory can be used to find the limits to predictability, and Abbey described three methods for doing
so. The first was referred to as Inherent Limit 1 and
used nonlinear systems analysis techniques to examBulletin of the American Meteorological Society

•
•

•

satellite-based winds (water vapor winds, low-level
visible winds, etc.) for new observations,
4D-VAR for preparing initial fields,
systematic approach based on the concept of ensemble forecasting for the best use of numerical
guidance, and
resolution and sophisticated physics for prediction
model.

He noted several fundamental questions raised in
the scientific lectures by M. Yamasaki and Y. Kurihara
and emphasized that we need to answer them by properly addressing issues of relevant processes on the
basis of physical consideration. He encouraged the
community to conduct research to address the raised
questions by taking the opportunity provided by the
case III of COMPARE. He closed his talk by recognizing that COMPARE III has provided a valuable
contribution to the scientific community of TC prediction research and that collaboration in the COMPARE project is essential to the improvement of TC's
track, structure, and intensity predictions. Such collaboration is to be encouraged as opposed to competition between NWP centers.

4 . Session 2: Reports on numerical
experiments [choir: D. Majewski, German
Weather Service (DWD)]
M. Nagata (JMA), who led the COMPARE III
exercise, presented a comprehensive overview of the
2011
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verification and intercomparison results conducted at
JMA. The detailed report by M. Nagata, R. Nomura,
H. Mino, and H. Kamahori has already been distributed to all participants. In the 50-km experiments, 14
models (Table 1) participated; for the 20-km ones, 12
models; and 6 models performed the additional
10-km-resolution simulation suggested by the scientific evaluation team. The verification of the experiments differentiated between synoptic-scale features
and the mesoscale structure of Typhoon Flo. The
synoptic-scale fields at low to middle levels are characterized by a monsoonal trough breeding the two
tropical cyclones, Ed (9018) and Flo (9019), and the
subtropical ridge. At upper levels, anticyclones are
situated to the west and east of Flo. Far to the east of
Flo, a relatively large-scale cyclone exists while a relatively small-scale cyclone exists to the north and later
to the west. Conventional scores like rms errors, biases, and correlation coefficients are used for the
synoptic-scale verification concentrating on the wind
field at 200 and 850 hPa.
For the mesoscale, several parameters characterizing the structure of Flo have been verified. The track,
central pressure, and radius of gale force winds have
been taken from the WMO-designated RSMC TokyoTyphoon Center's Best Track data. For precipitation,
a satellite-estimated convective precipitation distribution showed the consecutive outward propagation of
broad convention bands and the formation of the eye
after 1800 UTC 15 September.
Regarding the track of Flo, the initial fields have a
much larger impact than the different models or mesh
sizes. All models achieve accurate track predictions for
experiment 1 A; the errors are larger for experiments
1 B-l D. A rightward deflection of the tracks is found
in the experiments based on the GFDL bogusing
(which may be due to an interaction of Ed's bogus on
Flo's outer structure because the two GFDL boguses
slightly overlap).
Regarding the central pressure, most models show
fairly large positive biases of up to 50 hPa at the mature stage of Flo. Different models, resolutions, and
initial fields all have significant impacts on the temporal evolution of the central pressure. These models
predicting a small radius of maximum near-surface
winds in experiment 1A at 20-km resolution tend to
produce a better intensity forecast of Flo. Meanwhile,
most models tend to have better predictions of outer
wind fields, for example, radii of 50 kt (approximately
26 m s"1) and 30 kt (approximately 15 m s"1) winds in
experiments 1B and 1D, where the GFDL bogusing
2012

is employed, as compared to experiment 1A without
the GFDL bogusing.
Interestingly, no apparent relationship is found
between intensity prediction performance and synoptic field prediction performance when the former is
evaluated with correlation coefficients of time increments of central pressure against the best track data
and the latter is evaluated with those of winds against
objective analyses.
Regarding precipitation, a wide variety in distribution and amount is simulated depending on initial
conditions, mesh sizes, and models. All models predict a principal outer rainband extending from northeast to east of Flo. The equitable threat score about a
threshold of 10 mm/6 h against the satellite-estimated
convective precipitation (gridded on a 0.25° mesh) is
used for objective verification. Two regions are considered, the inner-core region (r < 200 km) and the
outer region (200 km < r < 700 km) where r is the distance from the typhoon center. Some models show
modest skill both in the inner-core region and in the
outer region for experiment 1 A.
The upper-level mesoscale fields near Flo's center have been verified against an objective analysis
based on NASA DC-8 aircraft data. A distinct warm
core of more than 5-K amplitude is observed near
200 hPa with strong cyclonic circulation and maximum winds within about 100 km from the center.
For the total heating and moistening profiles, averages have been calculated for the inner-core region
and the outer region each. In the inner region, the values are much larger. Those models with large differences in the profiles between the inner and the outer
region usually performed better in the prediction of the
rapid intensification of Flo.
The additional experiments at 10-km resolution for
experiment 1A, which have been performed by six
groups, showed a better simulation of the precipitation
distribution in the innermost region of Flo (r <
100 km), but the amount was underestimated in the
outer region. Not only precipitation distribution but
also upper-level mesoscale features are simulated better as horizontal resolution increases.
Short reports were presented by representatives of
the participating models.
S.-Y. Hong (NOAA/NCEP) described unique features of the step mountain coordinate model (Eta) and
the Regional Spectral Model (RSM) of NCEP. The
Eta Model has been operational at NCEP since June
1993; currently the model covers North America with
a grid mesh of 32 km and 45 levels. The RSM is based
Vol. 82, No. 9, September 200 7
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on the perturbation method; that is, all variables are
treated as deviations from the base fields that are computed from a global model, or a coarse-mesh RSM.
Nonhydrostatic versions of both models are under
testing.
C. Wilson (UKMO) outlined unique features of the
Unified Model. For COMPARE, two model configurations, namely 160 x 110 grid points with mesh size
of 0.4425° and 280 x 220 with 0.18°, have been used.
The 27 sigma levels recommended by JMA have been
employed. The Unified Model contains a fairly complex physical parameterization package including a
mass flux convection scheme, a planetary boundary
layer (PBL) scheme allowing nonlocal rapid mixing,
and prognostic treatment of cloud water and cloud ice.
A. Murata (MRI/JMA) concentrated on forecast
experiments produced by the Japan Spectral Model
(JSM). The central pressure and eye scale of Flo are
sensitive to the initial fields. The simulated central
pressure seems to be determined by the strength and
location (distance from Flo's center) of the rainfall.
Strong intensification of Flo is connected to heavy
rainfall near Flo's eye. Eyewall contraction occurs in
those experiments which have relatively axisymmetric rainfall distribution.
J. Calvo [Instituto Nacional de Meteorologia
(INM), Spain] presented results of recent experiments
with the HIRLAM-Model. Whereas the operational
version (Sundqvist scheme for grid-scale and convective processes, Kuo-type closure, no downdrafts)
showed no deepening of Flo in all experiments, a new
version based on the Kain-Fritsch convection scheme
gave good deepening of Flo as well as a much better
distribution of precipitation for experiment 1A.
D. Majewski (DWD, Germany) gave an overview
of the hydrostatic regional model EM/DM, now called
the High-Resolution Regional Model. The model was
used operationally at the DWD between 1991 and
1999 with a mesh size of 55 km and 20 layers and then
with 14 km and 30 layers. The physical package includes a level of 2.0 Mellor-Yamada turbulence
scheme and Tiedtke's mass flux convection scheme.
J. Nachamkin (NRL) showed results of the
Coupled Ocean-Atmosphere Mesoscale Prediction
System (COAMPS) at 50-km mesh size. The results of
experiments 1A-D indicate that COAMPS performs
well for typhoon track and winds at upper levels. However, the wind correlations at 850 hPa were somewhat
lower than the ones of other participating models.
It was found that low correlations at 850 hPa in
experiment 1B were due to errors in the track of
Bulletin of the American Meteorological Society

Typhoon Flo. Since the low-level wind perturbations
associated with typhoons are often stronger than those
aloft, any systematic track errors will result in reduced
correlations at low levels. The track errors in experiment IB may have been associated with a slight overlap in the GFDL bogus vortices used to initialize
Typhoons Ed and Flo in that experiment. This overlap was not present in the JMA initial vortices used in
experiment 1A.
J. McGregor [Commonwealth Scientific and Industrial Research Organisation (CSIRO), Australia] presented an overview of the regional model DARLAM,
which features a two-time-level semi-Lagrangian
advection scheme, but with a total variation diminishing scheme (Thuburn 1993) in the vertical. The impact of two convection schemes have been evaluated,
namely the Arakawa-Gordon mass flux scheme and
the Betts-Miller convection scheme. With the latter
scheme, the spatial structure of the precipitation field
as well as the wind field is improved considerably; the
Arakawa-Gordon scheme yields a quite spotty rainfall distribution and weaker winds. As was noted later
in session 4, this behavior is probably related to the
shortness of the model time step compared to the
"soft" adjustment timescale of the Arakawa-Gordon
scheme.

5. Session 3: Scientific lectures (choir:
R. L. Elsberry, NPS)
Two scientific lectures, by M. Yamasaki on
"Theory of Tropical Cyclone Development" and
Y. Kurihara on "Tropical Cyclone Modeling and Intensity Prediction," provided a useful basis for interpreting the various model predictions of Typhoon Flo.
Yamasaki first reviewed the basic thermodynamic and
dynamic processes to lower the surface pressure in a
tropical cyclone. He emphasized the additional pressure drop from eye region subsidence is required to
account for the 890-hPa pressure in Typhoon Flo compared to perhaps 930 hPa from eyewall thermodynamics alone. Thus, the first question is whether a
numerical model can simulate the eye subsidence
and the associated high temperature and low humidity profiles that account for the less than 930 hPa central pressure? A two-dimensional (radius pressure),
axisymmetric model with 500-m radial increment can
easily achieve a central pressure of 880 hPa without
ice physics, and even reach 850 hPa with the inclusion
of ice physics. This additional surface pressure fall in2013
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dicates that the tropical cyclone numerical model
should include ice physics. With the inclusion of the
additional heating from cloud ice formation, stronger
ascent in a more vertical eyewall and stronger eye subsidence, larger warming in the eye leads to the 850-hPa
surface pressure in the two-dimensional model. If a
three-dimensional model is to be integrated to include
environmental effects, a horizontal resolution of 500 m
over the domain of a tropical cyclone would require
enormous computer resources. Whereas Yamasaki's
axisymmetric model with a 10-km radial increment
can achieve a 910-hPa central pressure, his 10-km
three-dimensional model does not achieve such a low
pressure even for zero environmental effects, in part
due to the computational scheme. Thus, Yamasaki's
result implies that even the special 10-km COMPARE
tests may not be expected to achieve the 890-hPa central pressure in Supertyphoon Flo.
An important physical process in the eyewall is the
vertical transport of angular momentum, which extends upward the maximum winds from cloud base.
The pressure adjustment to these supergradient winds
aloft will cause a central pressure decrease with downward motion in the eye creating warming.
Two interrelated tropical cyclone structure characteristics that can be validated with the COMPARE
dataset are related to the convection outside the
eyewall cloud. Less (more) convection in this zone
leads to a lower (higher) central pressure and smaller
(larger) radii of 50-kt (approximately 26 m s"1) and
30-kt (approximately 15 m s -1 ) winds. That is, the absence of cumulus convection in a "moat around the
eyewair leads to a more compact central convective
core, lower central pressure, and stronger winds.
Whereas some theoretical wind models have increased
winds at all radii when the maximum wind increases,
observations during Typhoon Flo confirm a decrease
in the radius of 30-kt winds during the COMPARE period, which supports Yamasaki's model simulations.
Yamasaki's explanation is that more convective
clouds in the ring around the eyewall region prevents
warm, moist air moving inward from ascending until
it reaches the eyewall cloud. Thus, an appropriate
simulation by the COMPARE models of the cloud
distribution outside the eyewall cloud is important to
the central pressure and the wind structure, which affects the cyclone motion via the beta effect.
Because the cyclone intensity depends on structure, the numerical model for intensity must deal properly with the structure, and particularly with mesoscale
organized convection with timescales ranging from a
2014

few hours to more than about 10 h. The mesoscale
convection is a component of rainbands and cloud
clusters. The Yamasaki (1986) mesoscale convection
resolving model has implicit cumulus scale (~1 km)
convection since the grid size is about 5-20 km. His
simulated rain distribution is remarkably similar to
that of Typhoon Flo near maximum intensity with a
compact inner core of rain, a broad (-150 km) moat
region that extends three-quarters of the circumference, and an outer rainband beyond the moat.
However, the central pressure is only 944 hPa (vice
891 hPa) and the maximum wind is much less than in
Typhoon Flo. Because the model results depend sensitively on the initial conditions and the various model
assumptions, Yamasaki believes a better understanding of tropical cyclone intensity can be obtained from
the model intercomparison and lead to model improvements. A key emphasis should be the correct
prediction of mesoscale structure as part of the tropical cyclone intensity problem.
Kurihara agreed with Yamasaki that intensity prediction depends on the structure, and that a grid size
of only 500 m might be required to resolve the structure of a small eye as existed in Hurricane Andrew.
As the horizontal resolution in the GFDL Hurricane
Model is reduced from the operational 1/6° in longitude and latitude to about 5 km, the predicted maximum wind speed is increased. Even though the relative
contributions of the various terms in the kinetic energy
budget equation are not changed, the maxima are more
concentrated in the central area. Kurihara also raised
the possible role of ocean processes in changing the
air-sea fluxes. Recent tests with a coupled ocean
model resulted in smaller intensity errors, probably
because the negative ocean feedback process would
offset the tendency for the GFDL model to overpredict
weaker cyclones.
Kurihara also agrees with Yamasaki as to the
intensity-reducing environmental influences such as
the beta effect and vertical wind shear. He described a
potential vorticity technique for inferring contributions
to intensity changes of a balanced vortex. However,
he proposes that nonbalanced effects may be present
as the vortex adjusts to a new balance, and that this
adjustment may occur in stepwise fashion. Frictional
and entrainment mixing effects that affect the horizontal and vertical distribution of the heat sources need
to be better understood. The horizontal distribution of
heating affects the horizontal distribution of potential
vorticity in the lower troposphere, implying the change
in the wind structure. As Yamasaki also stated, the inVol. 82, No. 9, September 200 7
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tensity problem is intimately connected to the structure problem.
Kurihara states a number of requirements for improving model predictions of tropical cyclone intensity. First, higher horizontal resolution is needed.
Second, the model physics (moisture cycle and boundary layer processes in high wind and ocean wave conditions) need to be improved because the heating
distributions in the horizontal and vertical are so critical. Initial condition specifications that also consider
the unbalanced nature of the vortex and its boundary
layer need to be devised. Other effects on the surface
fluxes such as coupling with the subsurface of the
ocean should be investigated.

6 . Session 4 : Further numerical
experiments (choir: P. A. Clark, UKMO)
Results of the model comparisons show a wide
variety of behaviors among models, with no obvious
clustering according to model formulation. As a result,
individual centers have performed follow-up experiments on their own simulations, each focusing on particular aspects thought to be of importance for that
model. Session 4 concentrated on the results from
these further experiments. Topics covered include
treatment of convection and microphysics, impact of
horizontal and vertical resolution, treatment of diffusion, and dynamics.
a. Sensitivity experiments on Typhoon Flo with the
Canadian GEM model [M. Roch, Recherche en
Prevision Numerique/Environment Canada
(RPN/EC)]
The GEM model is a global variable resolution
model, with hydrostatic implicit semi-Lagrangian
dynamics on a C grid. Experiments have been performed using various convection schemes: a modified
Kuo scheme, a Manabe adjustment scheme, and a relaxed Arakawa-Schubert scheme. The JMA analysis
(experiment A) initialized with a digital filter formed
the initial condition. With 29 levels in the vertical,
there is a monotonic improvement in deepening of the
typhoon with increased horizontal resolution from 5020 to 10 km using the Kuo scheme, apart from some
filling at the end of the simulation at 10 km. At 10 km,
the Kuo scheme gives the least development, followed
by the relaxed Arakawa-Schubert scheme, and then
the Manabe scheme. There are also variations in track
and other details but no clear pattern.
Bulletin of the American Meteorological Society

Experiments were also performed looking at increases to vertical resolution. Where the boundary
layer resolution is improved, from 29 through 48 to
64 levels in total, there is a monotonic modest increase
in deepening at 20-km horizontal resolution, with most
of the improvement going from 29 to 48 levels. At
10 km, improvement is also found from 29 to 48 but
not from 48 to 64.
The track shows the reverse sensitivity to the convection scheme as the intensity, with the Kuo scheme
giving the best track, followed by the relaxed
Arakawa-Schubert and the Manabe at the end. It appears the solution is not converged at 29 levels but
approaches convergence at 48, the aspect ratio being
important as at high horizontal resolution improved
vertical resolution has more impact.
b. Sensitivity to convective momentum transport
and to convective available potential energy
(CAPE) closure assumption in the convection
scheme (I. Culverwell and C. A. Wilson, UKMO)
Using the 1A JMA analysis, experiments have been
performed using the UKMO Unified Model (UM).
This is a split explicit hydrostatic model with Eulerian
advection. The convection scheme is a mass flux
scheme (Gregory and Rowntree 1990). Experiments
were performed using a new CAPE closure on the mass
flux instead of the buoyancy closure as well as a convective momentum transport (CMT) parameterization
(Kershaw and Gregory 1997), which includes momentum transport by the mass flux as well as pressure drag
across convective cells. Experiments were performed
at 50-, 20-, 10-, and 5-km horizontal resolution.
Different values for the timescale for CAPE destruction
were also tried. Similar results to others were found
with changes to resolution, with a fairly monotonic
increase in system intensity with increased resolution.
At 50 km, CMT improves the rainband shape and
smooths out convection intermittency. The track is
improved using CMT, and degraded using CAPE closure, but is generally better using both. At 20 km, the
message is similar. In addition, with CMT the track is
a little more erratic, although close to the original
simulations. Both CAPE closure and CMT deepen the
system. (With CMT, this is contrary to findings by
Kuma in JMA's Global Spectral Model.) Reducing the
timescale for CAPE destruction (2 h through 1 h, 0.5h
to 0.25 h) tends to increase the mean precipitation, reduce the width of rainbands, and increase the system
intensity. Increases in convective precipitation are
somewhat, but not completely, offset by reduction in
2015
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e. Vertical resolution and convection
parameterization in TCM90/Flo: Sensitivity tests
with the Canadian MC2 (M. Desgagne,
RPN/EC)
Experiments have been performed using MC2,
which is nonhydrostatic and uses a Gal-Chen terrainfollowing vertical coordinate system. Further experiments on experiment 1A looked at the impact of
c. Sensitivity of DM forecasts of Flo with respect to vertical resolution with 10- and 2-km horizontal resolution, compared with the 50-km control. In the 50-km
horizontal diffusion (D. Majewski, DWD)
The DM model exhibited much more system intensi- run using the Kuo convection scheme, increasing the
fication than the others in the project. Experiments vertical resolution in the boundary layer and lower trowere performed varying the amount of horizontal dif- posphere increases the deepening of the system subfusion. This is treated with a linear, constant coeffi- stantially (to 965 hPa). Adding further levels to the
cient fourth-order diffusion (but no divergence midtroposphere further deepens the system, but less
damping). The standard runs use a diffusivity that dramatically. The best track is achieved with 75 levsharply damps two-grid-length waves (in two time els. At this resolution, the relaxed Arakawa-Schubert
steps). This was compared with much weaker damp- scheme appears less sensitive (or responsive) to verening over 20 time steps. Contray to intuition, there tical resolution.
is a monotonic increase of system intensity with
At 10 km, the Kuo scheme drops the central presdiffusivity (i.e., more diffusion leads to a more intense sure from 974 to 941 hPa, while improvements to versystem). There is also an improvement, in terms of tical resolution produced a slightly better trajectory
weakening of the system, if convection is turned off, and deeper system. Using the relaxed Arakawaincluding a better track prediction.
Schubert scheme produced very different behavior,
Examining surface fluxes, an asymmetry is evident with problems at high vertical resolution (60 levels),
due to the beta effect, with stronger energy input to the the system stopped progressing. No explanation for
right of the track. This is much stronger with convec- this has been found. At 2 km (with a reduced domain),
tion switched off. Maximum inputs are associated with with fully explicit microphysics and no convection
maximum wind speeds of up to 100 m s_1 at 10 m in scheme, the system evolution is very good, but with
the eyewall. The area of precipitation expands with rather "spotty" precipitation. However, it would apreduced diffusion, but the highest precipitation inten- pear that some precipitation is not handled by the fully
sity is reduced. The suggested mechanism is that high explicit physics (as expected), as the accumulations are
diffusion kills off the smallest scales, leaving better only about half those obtained with the Kuo scheme
organized precipitation, and more organized motion at 10 km.
at the grid scale, with a significant impact on low-level
moisture convergence.
f Results of the numerical experiment produced by
the Meteorological Research Institute
Nonhydrostatic Mesoscale Model (MRI-NHM)
d. Sensitivity of JMA-TYM forecast of Flo
(A. Murata, K. Saito, and M. Ueno, MRI/JMA
to horizontal diffusion (R. Nomura, M. Nagata,
Tsukuba)
and H. Mino, JMA)
The MRI nonhydrostatic, fully compressible semiH. Mino continued the theme of the previous presentation, discussing the impact of horizontal diffusion implicit model (after Saito and Kato 1999) with
on the JMA-TYM model run at 20-km resolution. multiphase microphysics was run on a 280 x 280
Fourth-order linear diffusion was also used. In this gridpoint domain at 5-km resolution, compared with
case, the ^-folding time for waves with the shortest a 70 x 70 gridpoint domain with 20-km horizontal
wave length (nearly equal to three grid intervals) was resolution, with 38 vertical levels. With the experiment
decreased from 30 to 12 min. In this case, the rainband IB 20-km simulation, a more realistic evolution was
weakened, and the wind speed was smoother, with a found compared with the JSM simulation, especially
decrease in wind speed at the first model level from regarding the spiral rainbands. A cold pool was found
50.4 to 46.8 m s"1 (a 7% decrease) at T+60 h. However, on the concave side of the rainbands that was not
present using moist convective adjustment, suggestoverall, the impact was regarded as small.

resolved-scale precipitation. The balance between convective and resolved precipitation changes dramatically with resolution, with much of the precipitation
resolved at 5 km. Some discussion of the impact of
CMT ensued. The positive impact was surprising, but
was tentatively explained in terms of improvements
to convergence in the rainbands.
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ing that microphysics has a great impact on the structure. No decrease occurred in the central pressure or
radius of maximum wind.
Comparing the radial profile in rain and surface
pressure, the NHM and JSM model were found to be
similar outside 200 km but there were substantial differences within. This was thought to be related to rainfall production, which was about double that of the
JSM model inside 200 km. Future work will investigate the reason behind the lack of deepening.
g. Five-day simulations using the stretched
conformal-cubic model (J. L. McGregor and
J. Katzfey, CSIRO)
The focus of this presentation was the treatment of
dynamics. Of particular interest is the treatment of grid
staggering. The model uses a novel grid, based on projecting the six panels of an inscribed cube onto the
surface of a sphere. For "high resolution" simulations,
a Schmidt stretching is applied to increase the resolution in the region of interest. This stretched global formulation is attractive for longer simulations, such as
out to 5 days as performed here. The model is semiimplicit on a staggered C grid, with semi-Lagrangian
advection. Simulations were compared with a newer
scheme, which uses an unstaggered grid but with "reversible interpolation" to a staggered grid for gravity
wave terms. This interpolation is formulated in such
a way that if no gravity wave evolution occurs, there
is no change to the fields on reinterpolation back to
the unstaggered grid. This system produced a deeper
central pressure, a better rainfall structure, improved
winds, and good recurvature of the storm.
In addition, as described in a previous talk, using
"soft" convective adjustment (i.e., with a "realistic" timescale of 1 h, which is much longer than the model time
step of 540 s) can lead to gridpoint storms, and an instantaneous "hard" adjustment was found to avoid these.
h. Special features of the BO LAM model
(P. Malguzzi, FISBAT/CNR, Bologna, Italy)
Since BOLAM had, in some ways, performed particularly well, some of its special features were briefly
described. In many ways, BOLAM is similar to the
UKMO UM. However, it uses a forward-backward
integration scheme, which is stable to Courant numbers up to 2, so it can use a 1.5-min time step at 10-km
resolution, and 500 s at 50 km. The model uses a
Charnock formulation of surface exchange over the sea
in the surface layer, coupled to a PBL scheme with
Richardson number-dependent mixing lengths.
Bulletin of the American Meteorological Society

Experimental work suggests that the Charnock treatment may not be appropriate, and that roughness may
be constant up to 20 m s_1. An experiment was therefore
performed using constant roughness, but with no impact. Experiments were also performed with Emanuel
and Kain-Fritsch convection schemes. The former produced problems, with light rain everywhere at 50 km.
Little impact was found using the Kain-Fritsch scheme.
The model also uses an explicit, five-species microphysics scheme. While outside the inner region, most
precipitation is convective, within this region essentially all is large scale, which suggests that the largescale microphysics may be an important component.

7. Session 5: Major contributions of
case III of COMPARE (choir: L Leslie,
University of New South Woles, Austrolio)
In this session there were a large number of questions raised by the meeting attendees and by the chair,
as follows.
1) Is there a need for special tropical cyclone models? Some of the models had not been previously
designed for tropical cyclones. The meeting decided that this was an important factor but mainly
in the experience of the modelers.
2) The next issue raised was that of the need for
bogusing of tropical cyclones. The main question
was whether models with a spatial resolution down
to 5 km still require a bogus. It was pointed out that
the ECMWF model does not have bogusing and
shows a slower increase of TC track prediction
errors with time, which are larger in the short range
but equivalent in the medium range (after 48 h) to
those of some other TC models with bogusing.
This suggests that bogusing is not necessary if
observed data are abundant and the model is good.
On the other hand, a bogus vortex might be needed
if there is a lack of wind data. The meeting agreed
that the introduction of bogusing depends on the
spatial resolution of models. It was then suggested
that the requirement for a bogus in TC models may
be related to a deficiency in the data assimilation
schemes. If a nested scheme is used, and development of 4D-VAR or other sophisticated schemes
is available, then there might be no need for a bogus. Kurihara made the point that even in that situation modeling of TC over land may require a
bogus, because the TC vortex is distorted seriously
2017
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by orography. Water vapor also has to be treated
carefully as there is a possibility that observational
data might be incorrectly rejected. It was pointed
out by Nagata that JMA's typhoon model uses
three elements for specification of bogus TC structure: center position, central pressure, and radius
of 30-kt (approximately 15 ms -1 ) winds. The question that still remained open to discussion was that
even if we enhance the resolution of the models,
is a bogus still required?
3) The next topic discussed was to what degree
satellite-estimated precipitation represents the actual precipitation? It was concluded that there was
a good and improving correspondence but that
much more work was needed.
4) A long session then followed on the possible sources
of errors in the models and differences among
them, given that they are solving the same basic
set of equations with essentially the same initial
fields and boundary conditions. The following
sources of errors and differences were identified:
•
•
•
•

Errors in satellite wind data remain.
Models have large differences in details of their
numerical and physical formulations.
Environmental fields are inadequate, owing to
a lack of near- and far-field environmental data.
Tropical cyclone models are still not satisfactory. Model numerics are probably adequate
but many of the physical processes are not, including convection, the planetary boundary
layer, and other factors such as cumulus momentum transport and shallow convection.
Interaction with the ocean was suggested by
Elsberry as a possibly important factor.

5) The next area of discussion was a long one related
to what was actually learned from the COMPARE
III case. It was decided that COMPARE III had
shed light on the following areas.
Much was learned about the importance of
physical processes through the sensitivity experiments presented at the workshop.
The importance of careful verification of the
models (tracks, center pressures), which raised the
question of whether there are additional data available for verification of tracks, central pressures, etc.
It was noted that the verification was made at the
center based on the RSMC Tokyo-Typhoon
Center's Best Track data. As such it is very difficult
to make verification of 5-km grid spacing models.
2018

It was asked whether it was possible to use
dropsondes. Elsberry pointed out that there is a
great problem with the humidity sensor. When
dropsondes are suddenly dropped from warm air
to a very cold environment, the humidity sensor
may not work properly. Furthermore, wind data
from dropsondes have biases. Therefore, surfacebased observation systems seem superior. Other
possibilities were raised for the improvement of the
resolution of sounding data (dense network), such
as wind profilers. Many soundings are needed to
observe mesoscale features, especially boundary
layer structures. The NASA DC-8 observation data
revealed very fine features (8-K temperature
change across just a few nautical miles).
The discussion then turned to the role of the
convection schemes. As the grid size becomes
small, problems with physical parameterization will
be raised. Even for models with fine spatial resolution, parameterizations used in large-scale models are still employed in those models, instead of
explicit multiphase schemes. Updraft-downdraft
couplets are not simulated in such models. It was
also pointed out that shallow convection scheme
may be important. The importance of radiationcloud interaction was noted. The question is what
is the most important, the convection scheme, data
assimilation scheme, or grid resolution?
Kurihara argued for the need to understand the
importance of scale interactions. In large-scale
models, mesoscale effects are parameterized as
well as effects of individual convective clouds,
while in mesoscale models cloud-scale effects are
parameterized. If the TC is controlled only by
large-scale and mesoscale fields, enhancedresolution models with parameterization of convection will work well. If TC evolution is closely
linked to individual clouds, then parameterizations
may be quite inadequate.
6) Conclusions of COMPARE III were then summarized, with the following points being made.
•

•

It is dangerous to draw a general conclusion from
a single case study, even though 14 models were
combined with four different initial conditions.
In some cases, reintensification of TC is observed. What are the physical processes responsible for this phenomenon? One suggestion is
that physical processes such as boundary layer
and physical conditions are important. The role
of eyewall clouds was noted.
Vol. 82, No. 9, September 200 7
Unauthenticated | Downloaded 01/09/23 03:14 PM UTC

•

•

There is sensitivity to moist processes. Further
experimentation is needed here. For example,
the partitioning of precipitation between convection and large-scale processes is very important. The vertical structure of latent heat release
has also been shown to be very important for
accurate TC intensity prediction.
The role of ensemble forecasting procedures
was raised and it was noted that a number of
centers are carrying out such activities. For example, the ECMWF has planned to start ensemble forecasting of TCs.

7) A final summing-up was made of the conclusions
resulting from the COMPARE III meeting at JMA.
They were the following:
•

•

•

Initial conditions, both in terms of the analyses and bogusing, have a large impact on TC
intensity predictions.
Some models succeeded in predicting explosive
deepening at least qualitatively in terms of time
evolution of central pressure. Further improvement of TC intensity prediction is expected.
Horizontal grid spacing has a very large impact
on TC intensity prediction, which results from
a far better representation of TC inner structure.
The role of vertical resolution was less clear,
with some models being very sensitive and others less so.

It was noted that horizontal resolution did not have
a very great influence on the track forecasts in this
particular case of TC Flo, where the typhoon was in a
before-recurvature stage.
Other points raised were that (i) a very good bogus is needed for improving TC track forecasts; (ii)
sensitivity studies on the effects of horizontal diffusion coefficients are needed; (iii) there was some discussion on the importance of nonhydrostatic models,
but no firm conclusions were made; and (iv) it was
again pointed out that ocean effects should be incorporated more fully (e.g., spray effects).
8. Session 6: Related topics (choir:
L. Leslie, University of New South Wa/es,
Austrolio)
K. Bessho of MRI/JMA, on behalf of himself and
T. Nakazawa and others, described a new and potenBulletin of the American Meteorological Society

tially very exciting observational program based on the
Aerosonde, a small pilotless aircraft developed by
G. Holland of BMRC, Melbourne, Australia, together
with others and with strong financial support from the
Office of Naval Research, within the tropical cyclone
program of R. F. Abbey Jr. The experiment, called
Typhoon Hunter 2000, will start with a demonstration
flight around Tsukuba City in the suburb of Tokyo,
near the end of August 2000 and then go into a onemonth period of TC "hunting" around the Nansei
(southwestern) Islands, Japan, in September 2000.
Many questions were asked from the floor and it was
agreed that the program was indeed an exciting venture and, if successful, would be a major benefit to
typhoon analysis and forecasting.
9. Session 7: Future COMPARE cases
and strategy (choir: L. Leslie, University
of New South Woles, Austrolio)
M. Desgagne of Recherche en Prevision Numerique
(RPN), Canada, began this session with a presentation
on the Mesoscale Alpine Program (MAP), which is a
possible candidate for the COMPARE IV project.
MAP finished in November 1999 and was an international observational and mesoscale modelling program
based in the European Alps. The amount of data collected is massive, being spread over 60 days with 16
IOPs occupying about 35 of those days. There were
five mesoscale models being run at horizontal resolutions from 50 km down to 3 km (the RPN MC2
model). In response to questions from the attendees,
M. Desgagne suggested that the data would not be
available for at least 12 months but that the so-called
WetMAP data, which focused on events with precipitation, would be an excellent COMPARE IV study on
that timescale. M. Desgagne was later approached to
join the COMPARE expert subcommittee and has
accepted. He attended the COMPARE meeting on the
evening of 15 December.
Following the coffee break, the session 7 chair and
COMPARE committee chair, L. M. Leslie, gave a presentation on candidates for COMPARE IV and on
strategies for future COMPARE cases. Leslie noted
that, following comments by WGNE, it was necessary
to continue working on COMPARE III for about another 12-18 months, to carry out some further work
on the datasets held by JMA and by the Naval Postgraduate School, Monterey, California. WGNE had
requested that some firm conclusions be made from
2019
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COMPARE III in terms of what understanding of
tropical cyclone intensification and structure had been
achieved by the program of numerical experiments.
It was also requested by WGNE that COMPARE III
be shown to have led to improved representation of
these processes in the model. The previous evening,
the COMPARE committee had decided that it would
continue to proceed with COMPARE III and that a
small subcommittee comprising L. Leslie (UNSW),
M. Nagata (JMA), J. Chan (City University of Hong
Kong), and M. Desgagne (RPN, Canada) be set up to
develop that program.
Next, Leslie mentioned that the China flood event
of July 1998 and the Mesoscale Alpine Project of 1999
were possible future COMPARE IV projects. He also
noted with regret that VORTEX95 had been withdrawn as a candidate, citing lack of resources as the
reason.
Leslie then presented the new strategy for future
COMPARE cases, as developed during the COMPARE committee meeting on the previous evening of
14 December. Seven suitability requirements were
developed in a very fruitful committee meeting and
were presented to the attendees. They are

emphasized the poleward bias in the tracks, the failure of the models to reproduce the intensity of TC Flo,
and the need to examine TC structure and structure
change. It was argued by Majewski and Abbey that
there should be a greater focus on the reproducing of
TC intensity, as the other issues were related. Chan
agreed to this alteration.

10. Closing
The workshop finished with a closing address by
Z. Lei of WMO, who expressed his appreciation to
those involved and his hopes that COMPARE would
continue to carry out further excellent work.
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