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GOALS AND OBJECTIVES

This is the fifth in a sequence of International Workshops on Tropical Cyclones that began in Bangkok, Thailand in 1985 and have been held each four years.  This invitation-only Workshop brings together tropical cyclone forecasters and researchers from around the globe to assess progress, identify problems and issues, and to make recommendations for future activities by the World Meteorological Organization (WMO), the forecasters in the National Meteorological Services, and the global research community.

EXECUTIVE SUMMARY OF SCIENTIFIC/TECHNICAL RESULTS

(1) 
Keynote session

The Keynote session on the current, imminent, and future satellite observations for tropical cyclone forecasting and research first described how satellite observations are used in well-equipped forecast offices.  A significant change in forecast procedure in the past four years has been the increasing use of microwave imagery, and that the access of these data that are geo-referenced to the tropical cyclone is predominantly via Internet websites.  Two USA-based websites are at the Naval Research Laboratory (NRL) – Monterey (see example in Fig. 1) and University of Wisconsin–Cooperative Institute for Meteorological Satellite Studies (UW-CIMSS).  By simply accessing the NRL website, forecasters all over the world can view the tropical cyclone in multiple spectral bands (visible, infrared, and microwave in Fig. 1).  The UW-CIMSS website has a number of satellite-based products that are helpful in tropical cyclone analysis.   For many forecasters at IWTC-V, this was their first exposure to the microwave observations and the websites, and they expressed a desire to make use of these websites.


Another significant change in the tropical cyclone center procedure is the use of the Quikscat surface wind vectors to define the outer vortex wind structure, and in many cases this system provides the first evidence of formation.  Keynote presentations and a tutorial provided guidance on the procedures, advantages, and disadvantages of the Quikscat observations.  Some subjective evaluations suggest that these data may make possible 7 km accuracy in tropical cyclone positioning accuracy, which would be a breakthrough.


The main message from the Keynote session on future satellite systems is the tremendous increases in the amount of data that will be produced by systems to be launched in the next five-ten years.  Sounder instruments that presently have about 20 channels will be replaced with instruments that have 2000 channels.  Seven selected numerical analysis centers described their plans for data assimilation of these huge data streams.  Clearly planning needs to be started now on communicating and displaying these data in the forecast centers.

(2)
Topic sessions


The highlight of the tropical cyclone structure change session was the coming together of aircraft observations and advanced numerical model simulations of vertical wind shear effects. The aircraft radar observations before and after the large increases in vertical shear (Fig. 2) illustrate the shift in deep convection from being the classical symmetrical distribution to a highly asymmetric distribution with high reflectivity on the down shear-left and suppressed convection on the upshear-right quadrants.  The aircraft radar observations allowed a documentation of the origin and growth of the updrafts and downdrafts leading to the asymmetric convection distribution.  These same distributions of updrafts/downdrafts and simulated radar reflectivity distributions have been reproduced in the advanced numerical models.  Lightning distributions documented in landfalling hurricanes also support the relationships between the deep convection distribution and the vertical wind shear orientations.  Comparisons with real-data model predictions are expected in the near future to yield improved forecast guidance for structure (intensity and outer wind distribution) changes, which is important for both civilian and military damage avoidance.


A key problem in the understanding and prediction of the tropical cyclone intensity change is the lack of knowledge of the energy flow from the ocean in hurricane-force winds.  The effect on these fluxes arising from breaking ocean surface waves and the associated generation of sea spray in the atmosphere and air bubbles in the ocean is a major uncertainty.  The variations of the exchange coefficients for heat, moisture, and momentum at high wind speeds are largely unknown.  Recent research suggests the drag coefficient may not continue to increase with wind speed beyond 25-28 m s-1, and may actually decrease.  The Office of Naval Research Coupled Boundary Layer Air-Sea Transfer program is addressing these problems with field experiments and modeling studies.  This program was described in a Special Focus session at IWTC-V.


The tropical cyclone landfall session focused on the precipitation, wind structure, and storm surge.  The flooding and landslips associated with the heavy precipitation during and following the landfall are the leading causes of deaths from tropical cyclones in many countries.  As a consequence, hydrologists were invited for the first time at IWTC-V, and the coupling of hydrological models with meteorological models is expected to be a prime future research and operational activity.  A major challenge is to develop data assimilation techniques to incorporate satellite and radar (see examples in Fig. 2) observations of the precipitation distribution, and especially the asymmetric cloud distribution, into the meteorological prediction model.  Theoretical models of the low-level jets in the tropical cyclone are beginning to reproduce many of the features measured by the new Global Positioning System dropwindsondes.  However, radar observations of boundary layer wind structures in landfalling hurricanes that appear to be roll vortices have not been modeled.  Whereas storm surge modeling is rather well advanced in several countries, many storm surge-prone countries are needing this guidance.  The WMO  has a program that is available for assisting these countries.  A new WMO program is being proposed that would address the combined effects of the storm surge and the river outflow that causes low-land flooding events.


The highpoint of the tropical cyclone motion topic is the improved performance of the dynamical models in predicting the track.  The Joint Typhoon Warning Center (JTWC) in Hawaii has adopted a consensus approach that followed from the introduction of the Systematic Approach Forecasting Aid (SAFA – developed with Naval Space Warfare Command funding and based on years of research sponsored by ONR).  As shown in Fig. 3, a dramatic improvement in 72-h track prediction accuracy in the western North Pacific has been achieved by JTWC in the three years since the introduction of SAFA.  That is, a nearly 100 n mi improvement has been achieved relative to a projection of the 5-year running mean to give an expected performance during 2002.  Future developments in track prediction will focus on ensemble prediction systems that hopefully will provide a confidence measure as guidance for the forecaster.


The tropical cyclone formation session considered both the environmental factors (including the inhibiting effect of vertical wind shear) and mesoscale convective systems influences.  Recent theoretical studies suggest that the vortex axisymmetrization process may contribute to the vortex amplification by effectively absorbing the vorticity associated with the embedded mesoscale convective systems.  Intraseasonal and interannual predictions of tropical cyclone formation  were also reviewed.  A special focus session considered the status of studies of global climate change and tropical cyclones.


Advances were reported in understanding the physical processes during the extratropical transition of a tropical cyclone.  Rather than the tropical cyclone just decaying, the transition can lead to an intense extratropical cyclone that is a threat to marine activities and lead to damage over land during a season when such storms are not expected.  Both observational and modeling studies of extratropical transition have arisen from a coordination meeting at the previous IWTC.


The focus of the tropical cyclone impacts session was on the characteristics of the desired Total Warning System.  In addition to the improvement of the meteorological observing, analysis, and forecasting system, an effective warning must prompt the appropriate response to the threat by all segments of the society.  This requires cooperation with the emergency managers, media, industry, transportation, etc. segments.  In addition, social scientists need to be involved in understanding effective ways of formulating and communicating the warning to achieve the response that is appropriate.  Issues of improper land use and poor building codes and inspections are also factors in the deficiencies in mitigation of tropical storm impacts.


Figure 1.  Example of geostationary (GOES-8) infrared imagery  (upper left panel) and visible imagery (upper right panel) for Hurricane Lili at 1245 UTC 2 October 2002 and the Tropical Rainfall Measurement Mission (TRMM) microwave imagery (lower panels) at 1254 UTC 2 October downloaded from the Naval Research Laboratory-Monterey public website 

( http://www.nrlmry.navy.mil/sat-bin/tc_home ).

[image: image1.wmf]
Figure 2.  Lower fuselage radar composite of Hurricane Olivia on 25 September 1994 at (a) 2021-2058 UTC, and (b) for 2334-2413 UTC. The domain is 240 x 240 km square centered on the storm (Black et al. 2002).
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Figure 3.   Trends in 72-h track forecast errors by the Joint Typhoon Warning Center for western North Pacific tropical cyclones.  Marked decreases in errors relative to extrapolation of the 5-year trend have been achieved since the introduction of the systematic Approach forecasting Aid during the 2000 season, and the errors are rapidly approaching the Department of Defense goal for 72-h errors.  
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PROCEEDINGS

The proceedings of IWTC-V will be published by the WMO Tropical Meteorology Research Program (TMRP) as one of their Technical Memorandum series (TD number not yet assigned).  The TMRP point of contact is Dr. Zhaochong Lei (7 bia, Avenue de la Paix, Case Postale 2300, Geneve 2, Switzerland; e-mail Lei_Z@gateway.wmo.ch)
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DAILY SCHEDULES


TUESDAY, 3 DECEMBER 2002
0800
Registration

0830
Opening Ceremony

0930
Morning Tea

0955
KEYNOTE SESSION:  PRESENT AND FUTURE USES OF SATELLITE OBSERVATIONS FOR TROPICAL CYCLONE FORECASTING AND RESEARCH

0.1
Forecast office present uses 
-- Jeff Hawkins, Session Chair

1000
Jeff Callaghan, Australia Bureau of Meteorology

Forecast office present uses

1020
Alipate Waqaicelua, Fiji Meteorological Service

Forecast office present uses

1040
Philippe Caroff, La Reunion, France

Forecast Office Use at La Reunion

1100
Lixion Avila, U. S. National Hurricane Centre

Satellite applications for TC analysis and forecasting at TPC/NHC

1120
Rich Jeffries, Joint Typhoon Warning Centre, USA

Satellite applications at the Joint Typhoon Warning Centre

1140
Discussion

1215
Lunch 


0.2
Imminent uses and data assimilation -- Chris Velden, Session

Chair

1315
Tetsuo Nakazawa, Japan Meteorological Research Institute


TRMM and SCAT

1335
Roger Edson, University of Guam


Use of scatterometer data in tropical cyclone forecasting and

research

1355
Kurt Brueske, U. S. Air Force Academy  


AMSU applications

1415
Jim Kossin, University of Wisconsin


Geostationary IR

1435
John LeMarshall, Australia Bureau of Meteorology Research Centre


Tropical cyclone forecasts using high-resolution satellite data and

4D-VAR
1455
Discussion

1515
Afternoon Tea

      0.3 Future satellite instruments and opportunities – Chris Velden,

    Session Chair

1530
Jeff Hawkins, Naval Research Laboratory, Monterey and


Chris Velden, University of Wisconsin, CIMSS

1630
Discussion

1730
End of session

1800
Ice breaker

[NOTE:  Session 0.4 is Thursday night]

WEDNESDAY, 4 DECEMBER 2002
     TOPIC 1
TROPICAL CYCLONE STRUCTURE AND STRUCTURE CHANGE

Plenary Session  -- Masashi Nagata, Session Chair

0815
Edwin S. T. Lai, Hong Kong Observatory


1.6
TC structure analysis and forecasting techniques

0845
Frank Marks, Hurricane Research Division


1.1
Observations

0915
Elizabeth Ritchie-Tyo, University of New Mexico


1.2
Environmental effects

0945
Roger Smith, University of Munich


1.3
Role of convective processes

1015
Morning Tea

1030
Lynn Shay, University of Miami


1.4
Air-ocean interface and boundary processes

1100
Shuyi Chen, University of Miami


Naomi Surgi, National Centers for Environmental Prediction


1.5
Numerical model guidance

1130
Russell Elsberry, Naval Postgraduate School


1.0
Tropical cyclone structure and structure change

1150
Discussion

1215
Lunch

1315
Discussion Groups – Topic 1

1515
Afternoon Tea

1530
Special Focus 1a: Coupled Boundary Layer Air-Sea Transfer (CBLAST)





Simon Chang, Office of Naval Research

Three minute presentations by the following presentors:


Greg Holland


Nick Shay


Isaac Ginis


Kevin Tory


Mike Banner


Jeff Kepert


Yuqing Wang


Eric Uhlhorn


Ed Walsh


Shuyi Chen

1530
Special Focus 1b:
Tutorial on QUIKSCAT




Roger Edson, University of Guam

1730
End of session

THURSDAY, 5 DECEMBER 2002

TOPIC 2
TROPICAL CYCLONE LANDFALL PROCESSES
Plenary Session 2a – Q-u-Z Chaudhry, Session Chair

0815
Chen Lianshou, China Academy of Meteorological Sciences


2.1
Observing and forecasting rainfall

0845
Woo-Jin Lee, Korean Meteorological Administration


2.2
Data assimilation and numerical prediction of precipitation


0915
Sun-Fatt Chong, Malaysia Hydrology Division


2.3
Hydrological models of precipitation

0945
Jeff Kepert, Australian Bureau of Meteorology Research Centre


2.4
Coastal and inland wind structure changes
1015
Morning Tea

Plenary Session 2b - S. R. Kalsi, Session Chair

1030
Shishir Dube, Indian Institute of Technology


2.5
Storm surge

1100
Bill Frank, Pennsylvania State University (Greg Holland, 

Aerosonde Corporation)


2.0
Tropical cyclone landfall processes

1130
Discussion

1215
Lunch

1315
Discussion Groups – Topic 2

1515
Afternoon Tea

1530
Special Focus 2a:
Tutorial on Advanced Microwave Sounding Unit (AMSU)




Kurt Brueske, U. S. Air Force Academy




Chris Velden, University of Wisconsin CIMSS
1630:
Special Focus 2b:
Tutorial on Advanced Objective Dvorak Technique




Jim Kossin, University of Wisconsin, CIMSS




Chris Velden, University of Wisconsin, CIMSS


1730
End of session

Special Focus 0.4: Satellite Data Assimilation Plans at Selected Forecast Centers
John LeMarshall, Session Chair

1930
Hideo Tada, Japan Meteorological Agency


0.4a
Data assimilation at JMA

1945
David Richardson, European Centre for Medium-range Forecasts


0.4b
Data assimilation at ECMWF

2000
Naomi Surgi, National Centers for Environmental Prediction


0.4c 
Data assimilation at NCEP

2015
Julian Heming, United Kingdom Meteorological Office


0.4d
Data assimilation at UKMO

2030
Xue Jishan, China Meteorological Agency


0.4e
Data assimilation at CMA

2045
Jim Goerss, Naval Research Laboratory, Monterey


0.4f
Data assimilation at FNMOC

2100 Antoine Lasserre-Biggory, Meteo-France

0.4g
Data Assimilation at Meteo-France

2115
Discussion

2130
End of session

FRIDAY, 6 DECEMBER 2002

TOPIC 3
TROPICAL CYCLONE MOTION


Plenary session – Hung Kwan Lam, Session Chair

0815
Noel Davidson, Australia Bureau of Meteorology Research Centre


3.1
Numerical and statistical model guidance and improvements

0845
Rich Jeffries, Joint Typhoon Warning Center


3.2
Consensus approach to track forecasting

0915
Lance Leslie, University of Oklahoma (David Richardson, ECMWF)


3.3
Ensemble prediction system

0945
Johnny Chan, City University of Hong Kong


3.4
Theoretical advancements

1015
Morning Tea

1030
Johnny Chan, City University of Hong Kong


3.0
Tropical Cyclone Motion


1100
Discussion

1215
Lunch

1315
Discussion Groups – Topic 3

1515 Afternoon Tea

1530
Special Focus 3a:
U. S. Weather Research Project Hurricane Landfall

(2004) Collaborations


Russell Elsberry, Naval Postgraduate School


Frank Marks, Hurricane Research Division

1530
Special Focus 3b:
Tutorial on Track Consensus Forecasting and

Systematic Approach Forecasting Aid (SAFA)

Rich Jeffries, Joint Typhoon Warning Center
1730
End of session

MONDAY, 9 DECEMBER 2002

Topic 4  TROPICAL CYCLONE FORMATION AND EXTRATROPICAL TRANSITION

Plenary Session – Greg Holland, Session Chair

0815
Mark Lander, University of Guam

4.1
Formation definitions

0845
Jeff Callaghan, Australia Bureau of Meteorology 


4.2
Observations in addition to satellites

0915
Jenni Evans, Pennsylvania State University

4.3
Large-scale control and mesoscale influences; Intraseasonal

0945
Mike Montgomery, Colorado State University

4.4
Predictions of formation with numerical models
1015
Morning Tea

1030
Bin Wang, University of Hawaii


4.5
Seasonal formation predictions

1100
Jim Abraham, Meteorological Service of Canada


4.6
Extratropical transition

1130
Patrick Harr, Naval Postgraduate School

4.0
Tropical cyclone formation and extratropical transition

1150
Discussion
1215
Lunch
1315
Discussion Groups – Topic 4
1515
Afternoon Tea
1530
Special Focus Topic 4:
Global Climate Change and Tropical Cyclones


Basis for an Updated Statement

1530
Bill Gray, Colorado State University

Observational studies of tropical cyclones and climate variability

1545
Tom Knutson, Geophysical Fluid Dynamics Laboratory
Regional model simulations of impact of climate change on tropical cyclone intensity and precipitation

1557
Greg Holland, Aerosonde Corporation
Maximum Potential Intensity theory and its application to the climate change and tropical cyclone problem

1609
Jun Yoshimura, Frontier Research System for Global Change


GCM simulations of tropical storm frequency – is it realistic? – and response to CO2 doubling

1621
Rick Murnane, Risk Prediction Institute


Progress in paleotempestology; Tropical cyclone contributions to meridional heat transport

1633
John Persing, Colorado State University


Hurricane superintensity

1645
Discussion – Is an updated statement appropriate at this time?  If so, how to proceed?

1710
Discussion—Recommendations for future research – What are the highest priorities?

1730
End of session

TUESDAY, 10 DECEMBER 2002

TOPIC 5
TROPICAL CYCLONE IMPACTS

Plenary session – Max Mayfield, Session Chair

0815
Linda Anderson-Berry, James Cook University

5.1
Societal impacts

0855
Richard Murnane, Risk Prediction Initiative (Bermuda)

5.2
Economic analysis
0935
T. C. Lee, Hong Kong Observatory

5.3
Effective warnings

1015
Morning Tea

1030 Pascal Peduzzi, United Nations Environmental Programme

 Computation of global risk, and identification of vulnerability factors

1050 S. R. Kalsi, RSMC New Delhi Warning Centre 

Early warning considerations at India Meteorological Department

1100
Rex Falls, Australia Bureau of Meteorology (retired)


5.0
Tropical cyclone impacts
1120
Discussion
1215
Lunch
1315
Discussion Groups – Topic 5
1515
Afternoon Tea
1530
Special Focus 5a: Australian Tropical Cyclone Coastal Impacts Program

      Planning
                  Jim Davidson, Australia Bureau of Meteorology

1530
Special Focus 5b: Pennsylvania State Cyclone Characterization Diagram



       Jenni Evans, Pennsylvania State University

1630 Special Focus 5c: Tropical Cyclone Formation in Relation to Tropical

      Wave Dynamics
                         
       John McBride, Australia Bureau of Meteorology Research Centre

1730
End of session

Evening:
Cairns Zoo Night Dinner

WEDNESDAY, 11 DECEMBER 2002

0900
Plenary session


Presentation of recommendations
1030
Morning Tea
1045
Discussion of recommendations 
1215
Lunch
1315
Discussion of recommendations
1515
Afternoon Tea

1530
Special Writing Group begins to prepare final report
1530
Special Focus 6a: Microwave imagery interpretation for tropical

cyclone analysis

                 

 Jeff Hawkins, Naval Research Laboratory-Monterey

1630
Special Focus 6b: Synoptic ocean-atmosphere measurements during

 



Isadore and Lili




Nick Shay, University of Miami

THURSDAY, 12 DECEMBER 2002

0900
Plenary session

Discussion of final report
1015
Morning Tea
1030
Discussion of final report
1130
CLOSING CEREMONY
1145
Lunch
1330
Special Writing Group prepares final report
COUNTRIES REPRESENTED AND NUMBER OF PARTICIPANTS

Of the 133 participants from 29 countries, the greatest number were from the USA (38) and Australia (27), which is typical for the host country.  China had 13 participants and Japan had eight while all the other countries had less than six.  These are summarized by numbers:

5 (Germany); 4 (Switzerland, Hong Kong); 3 (France, India, England, Fiji); 2 (Canada, Korea, Cuba, Taiwan); 1 (Barbados, Pakistan, Malaysia, Vietnam, Bangladesh, Thailand, Macao, Russia, Madagascar, New Zealand, Mexico, Sri Lanka, Mozambique, Costa Rica).
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	1.6 WG
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	1.4 WG
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1.6 WG
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1.0 C 

SF 3 L

3.2  WG
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	1.2  WG

4.3 R

4.6  WG
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e-mail: fallsrl@ozemail.com.au

	Dr. Mike Fiorino
LLNL, Bldg 1700  L-103
700 East Ave.

Livermore, CA  94550-9234
	3.1  WG
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e-mail:  g.foley@bom.gov.au
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	4.2  WG
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	4.3  WG
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Fax:  49 40 42838 5066
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	2.1  WG
2.3  WG

2.5  WG
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	1.5 WG

2.5  WG
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	3.1 WG

3.2 WG
	Telephone:  831.656.4739
Fax:  831.656.4769
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	4.5 WG
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	3.1  WG
	Telephone:  91 11 469 4639, 461 9815
Mobile:  91 98  104 22249

Fax:  91 11 469 0108
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	1.6 WG

4.6 WG
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	2.4 WG
	Telephone:  61 7.3353.0288
Fax:  (same as above)
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	0.3 P
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	IC

SF2 L

SF4 WG
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	3.2 R
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	1.4 WG

2.4 R
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	4.6 WG
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	1.2 WG
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	SF 4 L
	Telephone: 609.452.6509
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1.1 WG 
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e-mail:  kossin@ssec.wisc.edu
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e-mail:  mlander@uog9.uog.edu
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	5.3 WG
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	2.2 R


	Telephone:  822.831.0365
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e-mail:  wjlee@kma.go.kr

	Mr. Leong Weng Kun 
Rampa do Observatoria
Caixa Postal No. 93  Macao,  

China
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	1.5 WG
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	1.2 WG
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Fax:  86 25.873.1191
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	2.1 WG

5.3 WG
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	Dr. Meng Zhiyong
Chinese Academy Meteorological Sciences
46 Zhongguancun South Street
Haidan District, Beijing  100081 China
	2.2 WG
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Fax:
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	1.3 WG
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Fax:  970.491.8449
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	5.2 R
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Fax:  301.942.1886
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1.6 WG
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e-mail:  mnagata@met.kishou.go.jp
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	1.6 WG
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	5.3 WG
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Fax:  970.491.8849
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3.1 WG
3.3 WG
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	4.4 WG

3.1 WG
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	Dr. Steve Tracton
NCEP
5200 Auth Rd.
Camp Springs, MD  20746
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e-mail:  Eric.Uhlhorn@noaa.gov
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