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Action Proposed

The Committee is invited to:
(a) note the major activities and development progress of TRCG as summarized in the APPENDIX;

(b) endorse the training and research priority areas as outlined in Section 5 of the APPENDIX; 
and 
(c) endorse the future plans of TRCG as outlined in Section 6 of the APPENDIX. 
APPENDIX:  TRCG Annual Report 2008
APPENDIX
TRAINING & RESEARCH COORDINATION GROUP (TRCG)
ANNUAL REPORT 2008
Edwin S.T. Lai (TRCG Chair)
Hong Kong, China

1.
Introduction

1.1

According to the Terms of Reference, TRCG is to promote research and training activities on various aspects of tropical cyclone analysis and forecasting, including assessment of tropical cyclones’ impacts on Members’ socio-economic development processes, and to encourage cooperation of efforts among Members.  Towards this end, TRCG is expected to assist in: (a) identifying scientific and technical problems in the analysis and forecasting of tropical cyclones and their impacts on water resources and measures for disaster prevention and preparedness; (b) facilitating the exchange of experience and knowledge on the latest development and techniques related to the above problems; (c) initiating activities and programmes aimed at improving the technical capacity and capability of Members to better serve the people in the region; and (d) recommending to the Committee priority areas and long-term plans for cooperation in research and training in support of the various KRAs of the Committee’s Strategic Plan.

2.
Membership

2.1

As at 31 October 2008, the composition and members list of TRCG are:

	Chair: 
	Mr. Edwin S.T. LAI (Hong Kong, China)



	Vice Chair: 
	Mr. Mitsuru UENO (Japan) 



	Members: 
	Ms. Seth VANNARETH (Cambodia)

Mr. XU Yinglong (China)

Mr. KANG Bom Jin (DPR Korea)

Mr. Manoloth SOUKHANOUVONG (Lao PDR)
Mr. LEONG Weng Kun Ivan (Macao, China)
Dr. Wan Azli WAN HASSAN (Malaysia)
Dr. Vicente B. MALANO (Philippines)
Dr. Ki Ryong KANG (Rep. of Korea)

Mr. Chien Wan THAM (Singapore)
Mr. Sampan THAIKRUAWAN (Thailand)
Mr. Roger EDSON (USA)
Mr. NGUYEN Dai Khanh (Viet Nam)


3.
Major TRCG Activities in 2008
Roving Seminar / Visiting Lecturers Programme
3.1

Roving seminars have been arranged for capacity building purposes on both research and operational aspects. Knowledgeable experts travel to Members’ countries and deliver lectures focused on subjects of current interest to operational centers. A record of all roving seminars previously organized can be found in Annex I.  
3.2

Originally, the plan was to organize a roving seminar in Hong Kong and Nanjing in late October.  The selected theme was on tropical cyclone warning services with the following three sub-topics:

Topic A:
Analysis and forecasting of high-impact weather associated with tropical cyclones

Topic B:
Formulation and compilation of tropical cyclone warning messages

Topic C:
Communication and broadcasting of warning messages through the mass media 

3.3

Unfortunately, the late withdrawal of two out of three enlisted resource persons finally led to the enforced cancellation of the planned seminar. Consultation with TRCG members following the latest Integrated Workshop in Beijing in September 2008 indicated that the majority of views were to re-use the same theme for organizing the next roving seminar in 2009. 
Concept Note on Knowledge-based Resource Material
3.4 

As an action item from the 40th Session in Macao, TRCG Chair took up an assignment to draft a conceptual framework for managing the knowledge-based resource material relating to the Typhoon Committee.  A draft proposal (Annex II) and a prototype webpage design for hosting the resource material were presented in the Integrated Workshop in Beijing; and favourable comments were received.     
3.5 

An update of existing websites and links to some useful reference material are given in Annex III.       

Forecasters’ Training Attachment 

3.6 

Two women forecasters from the Republic of Korea and Thailand successfully completed a training attachment at RSMC Tokyo on 23 July – 1 August, details of which can also be found in the RSMC Tokyo annual report.
3.7

Forecasters from Cambodia, Malaysia and Viet Nam took part in the US International Pacific Desk Internship programme at Honolulu, Hawaii in 2008.  Similar internships, intended for operational meteorologists who need to make day-to-day forecasting decisions, had been arranged previously for Viet Nam in 2003 and 2006, for the Philippines in 2004, 2006, and 2007, and for Malaysia in 2005.
Research Fellowship Scheme
3.8 

The Research Fellowships have been awarded to Members to promote joint research through the exchange of visiting scientists on a short-term basis with voluntary funding and logistic support by host Members.  One of the merits of the scheme is that the visiting fellow has a chance to work closely with experienced scientists at the host centre, providing an opportunity to transfer knowledge and latest research findings to operational applications.  The scheme has worked well on the basis of bilateral cooperation mutually agreed between the host and the applicant.  A record of fellowships awarded can be found in Annex IV; reports or papers since published in connection with the scheme are listed in Annex V.  
3.9

 In 2008, the fellowship offered by Hong Kong, China was taken up by Mr. SUMDIN Santi (Thai Meteorological Department) who spent two months (20 Oct – 19 Dec 2008) at the Hong Kong Observatory to study the use of high-resolution non-hydrostatic NWP model in the forecast of landfalling tropical cyclones.
Relevant Training and Research Activities undertaken by WGM, WGH or WGDPP
3.10

With the aim of establishing more cross-cutting links with  hydrological and DPP initiatives, major training and research activities under WGH and WGDPP will also be highlighted in the TRCG report.    
3.11

A WGH report summary on the on-the-job training course for flood forecasting in Malaysia can be found in Annex VI. 

4.
Recent Research and Training Activities of Members

4.1

A wide range of research activities was undertaken by Members.  Highlights of major projects and achievement as provided by individual Members can be found in Annex VII – XI. 
4.2

Resource persons or contact points on specialized research subjects provided by some Members are tabulated for reference in Annex XII.
5.
Prioritization of Training and Research Areas
5.1

Without the benefit of a roving seminar in 2008 to serve as a discussion forum to gather views for updating the training and research priority areas, the list of topics as proposed in the TRCG Annual Report 2007 is kept largely unchanged as follows: 
(a) 
Meteorology
(1) improvement of precipitation forecasting related to interaction between tropical cyclones and monsoon, including development and implementation of an intensive observation experiment;
(2) application of Dvorak and microwave satellite image analysis techniques;
(3) application of radar-based analysis/products for landfalling tropical cyclones; 

(4) application of ensembles of guidance from dynamical models, conceptual models, statistical models and systematic knowledge-based approach;
(5) use of high resolution numerical models with advanced data assimilation techniques;
(6) better understanding of TC-related issues across different spatial and time scales, including climatological aspects such as El Nino/La Nina and global warming/climate change;
(b)
Meteorology and Hydrology
(7) application of meteorological information for forecasting of river flooding and urban flash flood;
(8) better understanding of wave, storm surge and marine forecasting;
(c)
Meteorology and DPP

(9) development of technical procedures to quantify forecast uncertainties and to convert probabilistic information into effective warnings; and
(10) development of decision-making tools for DPP purpose, including the integration of forecast information with GIS and the use of automated information processing systems.
5.2

In view of the catastrophic impact of Cyclone Nargis on Myanmar (May 2008) and the discussion during the Integrated Workshop in Beijing (Sep 2008) on the potential effect of climate change on cyclone activities in the Typhoon Committee region, it is likely that training and research resources will become more focussed towards the following two areas:
(1) development and application of wave/ocean/storm surge models in tropical cyclone forecasts, including the use of remote sensing data in model validation and data assimilation; and
(2) study of the impact on TC activities in the Typhoon Committee region due to ENSO/global warming/climate change.
6.
Proposed Plans and Activities in 2009
6.1

With the emphasis now very much on both training and research, TRCG will continue to adopt a more strategic approach in the planning and linking of activities, between training and research as well as playing the role of facilitator in the pursuit of cross-cutting training and research initiatives among WGM, WGH and WGDPP. 
6.2

The implementation plan will largely follow the flow chart in Annex II if the proposed conceptual framework is adopted, with due consideration given to the prevailing Strategic Plan for achieving specific targets in different Key Result Areas (KRAs).  

6.3

To this end and to ensure the optimal use of resources, regular and “routine” TRCG activities will be utilized as readily available vehicles for achieving the target objectives as far as possible.  Specifically, the proposed plans for 2009 will include:

(a) TRCG Technical Forum (new activity, held every four years for both training and research purposes, as well as for planning of TRCG initiatives by TRCG members)
The first of such forum, supported by KMA and WMO TCP, is proposed for Jeju in the Republic of Korea in mid May 2009. The technical theme will be on “EPS (Ensemble Prediction Systems) and probabilistic techniques in tropical cyclone forecasting”, organized in conjunction with a WGM initiative on TIPS (Typhoon Information Processing Systems) workshop and demonstration session. With TIPS likely to a useful practical tool for processing the large amount of numerical data used for ensemble and consensus forecasting, it will be an ideal opportunity for TIPS developers and forecasters as users to interact. TIPS experience can also be shared among the system owners and the technology promulgated to the developing countries with similar needs.  In parallel, TRCG members will meet to identify research and training needs and to draw up implementation programmes on the basis of a 4-year planning cycle.  

(b) Research Fellowship (regular annual activity on voluntary basis)

This will continue on the basis of voluntary hosting of fellowship programmes offered by Members. But attempts will also be made to include major research centres, other than NMHSs in the region, as potential hosts. The research topics will largely focus on the priority areas listed in Section 5. Following discussion on climate change issues during the latest Integrated Workshop in Beijing, special consideration will be given to commission a project under an extended fellowship programme in support of a study on the impact of climate change on the frequency and intensity of tropical cyclones in the Typhoon Committee region.   
(c) Training Attachment to Major Operational Centres (regular as well as on ad hoc basis)
Opportunities will continue to be sought for forecasters’ training attachment to major operational centres. Following an AWG recommendation in the Integrated Workshop in Beijing, the annual attachment of forecasters to RSMC Tokyo will no longer be restricted to women, though the participation of women forecasters will still be accorded higher priority. 
(d) Roving Seminar (every year on a roving basis, but taking a sabbatical in the year when the TRCG Technical Forum is held)

With an unexpected “sabbatical” in 2008, the plan is to organize one in late 2009 even though the first of the TRCG Technical Forum will be held earlier in the year. Tentatively, based on views expressed by TRCG members, the theme on “Tropical cyclone warning information and dissemination, including development of media skills” originally intended for 2008 will be resurrected for use in 2009.   

6.4

A summary of proposed TRCG activities and their resource implications is included in the overall AOP for 2009 compiled and submitted by AWG.
Annex I
Summary of Roving Seminars
	Year
	Dates
	Venue 
	Topic
	Lecturers

	2003
	20 – 21 Oct
	Seoul
	Interpretation of Typhoon Forecasts and Analyses
	Dr. H-J Kwon
Mr. Nobutaka Mannoji 

	
	22 – 24 Oct
	Hong Kong
	Interpretation of Satellite Data and Use of Radar Data in Operational Tropical Cyclone Forecasting
	Dr. Mark Lander

Dr. P.W. Li 

Dr. B.-J. Sohn

	
	27 – 29 Oct
	Shanghai
	Interpretation of Satellite Data and Use of Radar Data in Operational Tropical Cyclone Forecasting
	Dr. Mark Lander

Dr. P.W. Li

	2004
	22 – 24 Nov
	Beijing
	Operational Application of Multi-model Ensemble Typhoon Forecasts
	Prof. Johnny C.L. Chan
Mr. Nobutaka Mannoji

	
	25 – 27 Nov
	Kuala Lumpur
	Operational Application of Multi-Model Ensemble Typhoon Forecasts
	Prof. Johnny C.L. Chan
Mr. Nobutaka Mannoji

	2006
	4 – 7 Sep
	Ha Noi
	Tropical Cyclone Motion and Intensity, and Principles of Dvorak Method 
	Prof. Johnny C.L. Chan
Mr. Joe Courtney 
Dr. B.-J. Kim

	2007
	5 – 8 Sep
	Manila
	Satellite and Radar Analysis Techniques, and Tropical Cyclone Interaction with Monsoon Systems
	Mr. Roger Edson 

Mr. Bart Hagemeyer

Dr. Tetsuo Nakazawa


Annex II
TRCG Concept Note on the Management of

Typhoon Committee Knowledge-based Resources

1.
Background

Typhoon Committee 40th Session Action Item (para. 65, 4th bullet) :-

In view of the importance of the development of a knowledge database to institutionalize the information and experiences from the regional cooperation on training and research process, the Committee requested the TRCG to develop a concept note in cooperation with AWG and other Working Groups for presentation to the Committee at its 41st Session.

2.
“Research” and “Training”

While there is no hard-and-fast rule in distinguishing and separating “research” and “training”, it is useful to set out some guidelines on the scope of the two activities for planning and organizational purposes within the Typhoon Committee:

· Training is focused on capacity-building, with emphasis on the transfer of technology, skills and knowledge between Members and from major meteorological centres to the developing countries.  It is the initial phase of building an environment for promoting research and development work.

· Research is in terms of regional collaboration in which both training and research needs co-exist.  Research is directed to solving specific problems, particularly problems on operational and application needs among Typhoon Committee Members, in a systematic manner.

3.
Topics and Themes

Many research and training initiatives are already being pursued under the three components of Meteorology, Hydrology and DPP:

· Meteorological component – forecasting and warning issues

· Hydrological needs – application issues such as flood forecast and water management

· DPP angle – impact issues

Traditionally, TRCG has a meteorological emphasis with memberships composed of mostly meteorological personnel nominated by Members.  While there is no intention to change the status quo and on the assumption that WGM, WGH and WGDPP will continue to plan and manage their own specific research and training activities, a growing demand for more cross-cutting links among the three components still needs to be addressed to ensure that resources will be used and deployed in the most cost-effective manner.  On this basis, it is intended that research topics and training themes will be more strategically planned, prioritized and coordinated in the future based on the following considerations:  

· projects that can meet the diversity of application needs across the Typhoon Committee region;

· projects that will bring operational benefits, not only for weather forecasting and warning, but also for hydrological and DPP applications; and

· projects that will serve to realize new possibilities; such as multi-hazard warning systems.

It is expected that: (a) planning and prioritization of projects will be formulated through a 4-year work plan cycle discussed in a 4-yearly TRCG workshop (see Appendix); and (b) review and coordination of projects will be done every year through the TRCG report and AWG discussion in the annual Integrated Workshop and Typhoon Committee Session.

4.
Activities and Output

Research (R) and training (T) activities undertaken or being pursued can be summarized as follows:

· Attachment of forecasters to RSMC (T)

· Roving seminars (T)

· Research Fellowship Scheme (R)

· Special projects, e.g. SPECTRUM in the 1990s (R)

· Workshops of Typhoon Committee, WMO or others (R, T)

Output from such activities are generally in the form of:

· Scientific lectures (Integrated Workshops/TC Sessions)

· Training handouts and lecture notes

· Scientific papers to TCAR or journals.

5.
Knowledge-based Resource Portal

It is planned that a knowledge-based resource portal will be established, managed and operated by TCS under the Typhoon Committee website with input of contents provided by TRCG and Members.  The purpose is to collate and consolidate knowledge and resource material generated from various research and training activities for reference by Members and users; and also to provide a crucial link between research and training activities within TRCG (see flow chart below).

[image: image1.emf]


Specific changes that may happen in the future to facilitate the effective management of Typhoon Committee knowledge-based resources:

· TRCG workshops, say every 4 years held in between IWTC meetings, to:

· strengthen working relationships among TRCG members;

· share research and training experiences among Members;

· extract relevant research findings from IWTC;

· review and update project progress and priorities;

· update and mobilize “resource persons” in support of TRCG initiatives;

· integrate application needs of the three components; and

· plan new cycle of activities.

· Roving Seminar

· experts/lecturers/trainers to take note of training and research needs identified in the course of the seminar and to make recommendations to TRCG for follow-up actions

· Training Attachment 

· attachment opportunities, to RSMC or other major centres within or outside the Typhoon Committee region, be explored and purposely planned to meet specific training needs

· Research Fellowship

· list of recommended prioritized research areas for potential hosts to formulate specific projects for visiting fellows

Annex III 
Updated links for web-based training and reference materials on TC forecasting:
1.
COMET/UCAR Training Modules 


(a) Hurricanes:  http://www.meted.ucar.edu/topics_hurricane.php


(b) Satellite meteorology: http://www.meted.ucar.edu/topics_satellite.php

2.
Global Guide to Tropical Cyclone Forecasting


http://www.bom.gov.au/bmrc/pubs/tcguide/globa_guide_intro.htm

3. Joint Typhoon Warning Center (JTWC):

(a) Forecasting at JTWC:



https://metocph.nmci.navy.mil/jtwc/jtwc_fcst_env_files/frame.htm
(b) Training and reference: 


http://metocph.nmci.navy.mil/jtwc/pubref/reference.html
4.
NRL Satellite Training Page:


http://www.nrlmry.navy.mil/training-bin/training.cgi

5.
Cooperative Institute for Meteorological Satellite Studies (CIMSS) Tropical Cyclone web site (including applications of the Advanced Dvorak Technique, AMSU):


(a) http://cimss.ssec.wisc.edu/tropic2/

(b) http://cimss.ssec.wisc.edu/tropic/tropic.html

6.
Cooperative Institute for Research in the Atmosphere (CIRA), Colorado State University:


(a) WMO Virtual Laboratory Training Materials 


http://rammb.cira.colostate.edu/wmovl/


(b) NOAA Regional and Mesoscale Meteorology Branch (RAMMB) 



http://rammb.cira.colostate.edu/training/default.asp

7.
JMA Virtual Laboratory for Satellite Training and Data Utilization:


http://mscweb.kishou.go.jp/VRL/index.htm

8.
TRMM Workshop (Applications in TC forecasts):


http://www.isse.ucar.edu/trmm/presentations.html

Annex IV
Summary of Awarded Research Fellowships

	Subject

	Fellow
	Host
	Period

	Analysis of evolution of landfalling tropical cyclones with a view to developing forecast guidance for wind and rain
	Mr. XUE, Jianjun 
(China)
	Hong Kong Observatory
	1 Feb – 31 Mar. 2001

	TC track forecasting with use of super-ensemble 

	Dr. PENG, Taoyong
(China)

	Korea Meteorological Administration

	15 Jun – 15 Nov 2001 


	Near real-time analysis of the wind structure of tropical cyclones 

	Dr. Nathaniel T. SERVANDO 
(Philippines) 

	Hong Kong Observatory 

	5 May – 4 Jul 2002 


	Numerical modelling on typhoon intensity change

	Miss YU, Hui 
(China) 

	Kongju National University and Korea Meteorological Administration

	15 Jul –15 Sep 2002 


	Tropical cyclone track forecasting method 

	Dr. KANG, Bom Jin
Dr. KIM, Tae Jin
(DPR Korea) 

	Shanghai Typhoon Institute 

	Feb – Mar 2001

Oct – Nov 2002


	Analyses on the responses of extratropical transition of tropical cyclone to its environment 

	Dr. Vicente B. MALANO (Philippines) 

	Korea Meteorological Administration

	Jun – Aug 2004


	Effect of tropical cyclone bogussing on model analysis and forecasts
	Ms. WANG, Dongliang
(China)
	Hong Kong Observatory
	11 Oct – 10 Dec 2004

	Evaluation of the model performance in typhoon prediction in the high-resolution global model  (T426L40)
	Ms. Sugunyanee YAVINCHAN

(Thailand)
	Kongju National University and Korea Meteorological Administration

	1 Aug – 30 Oct 2005


Summary of Awarded Research Fellowships (cont’d)

	Subject

	Fellow
	Host
	Period

	Impact study of Moisture Data on TC forecasting in South China Sea and Western North Pacific
	Dr. Vicente B. MALANO (Philippines) 

	Hong Kong Observatory
	20 Sep – 19 Nov 2005

	Using ensemble prediction system (EPS) information in tropical cyclone forecasting
	Ms. CHEN, Peiyan
(China)
	Hong Kong Observatory 
	13 Oct – 12 Dec 2006

	Numerical simulation of Typhoon RUSA with a very high resolution mesoscale model, and calibration of intensity of typhoon with Kalman filtering
	Mr. HOA, Vo Van

(Viet Nam)
	Korea Meteorological Administration
	Jun – Aug 2006

	Use of EPS information in TC forecasting
	Mr. NGUYEN, Dang Quang 

(Viet Nam)
	Hong Kong Observatory
	15 Sep – 14 Nov 2007

	Study of high resolution non-hydrostatic model in prediction of landfalling tropical cyclones
	Mr. SUMDIN, Santi

(Thailand)
	Hong Kong Observatory
	20 Oct – 19 Dec 2008


Annex V

TRCG Publications / Papers
Xue, J.J., 2002: Structural and Diagnostic Analyses of Landfalling Tropical Cyclones near Hong Kong in 1999 and 2000.  Typhoon Committee Annual Review 2001, pp. 153-161

Servando, N.T., P.W. Li and E.S.T. Lai, 2003: Near Real-time Analysis of the Wind Structure of Tropical Cyclones.  Typhoon Committee Annual Review 2002 (in CD form)

Peng, T.-Y., H.-J. Kwon, W.-J. Lee, and J.-H. Lim, 2005: A systematic approach to tropical cyclone track. The International Journal of Systems & Cybernetics. 34, 681-693. 

Wang, D.L., W.K. Wong and E.S.T. Lai, 2005: A Study on Tropical Cyclone Bogussing Strategies in NWP Model Analysis and Forecast.  Typhoon Committee Annual Review 2004.
Yu, Hui  and H. Joe Kwon, 2005: Effect of TC–Trough Interaction on the Intensity Change of Two Typhoons. Weather and Forecasting. 20, 199–211.

Malano, V.B., W.K. Wong and E.S.T. Lai 2006: Effect of Moisture Data to the Numerical Simulation of Tropical Cyclone in the Western North Pacific.  Typhoon Committee Annual Review 2005, pp. 242 – 251.
Annex VI

REGIONAL CORPORATION PROJECT IMPLEMENTATION PLAN (RCPIP)

WORKING GROUP OF HYDROLOGY

On-the-Job Training of Flood Forecasting Report

21 – 28 February 2008

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

The on-the-job training programme was held on 21 - 28 February 2008 at the Department of Irrigation and Drainage (DID), Kuala Lumpur, Malaysia. Two international participants joined the programme: Mr. Pham Giang Truong from Viet Nam and Mr. Paat Socrates Jr. Rerido from the Philippines.

The main objective of the training was to acquire knowledge and experience in the use of the Tank Model for flood forecasting application. The participants received extensive hands-on training to develop flood forecasting model using data from their respective countries. DID Engineers used Batu Pahat, Linggi and Kesang river basins, while the two international participants mentioned applied data from selected river basins in their own countries. 

The content of the course included lectures on flood forecasting using the tank model, Microsoft EXCEL macros, Telemetry and Supervisory Control and Data Acquisition (SCADA). They also completed a thorough practical training in configuring the Tank Model, data quality checking and processing, calibrating and fine tuning the model. The programme organized site visits to the following facilities in Malaysia: the Federal Government Administrative Centre in Putrajaya, DID Flood Forecasting Centre, Stormwater Management and Road Tunnel (SMART) Control Centre (SCC) and a few flood prone areas in Kuala Lumpur, Pahang, Terengganu and Kelantan. Through discussion with DID engineers on site, they had a better understanding of how information was gathered, especially from telemetry stations in the catchment areas visited via SCADA technology.

At the end of the programme, the participants were able to understand the concept behind

the Tank Model in simulating flood runoff. They also learnt how to configure and calibrate a Tank Model for river basins selected from their own country. In addition, the participants acquired simple programming techniques that would be useful for future enhancement of the model.

Annex VII
Research Activities in Hong Kong Observatory (HKO) 

The following tropical cyclone related research projects were undertaken at HKO in 2008:

(a) An empirical model based on tropical cyclone parameters including strong/gale/storm/hurricane wind radii, forecast positions and intensities was developed to provide objective guidance on wind forecast for the Hong Kong International Airport during the passage of tropical cyclones up to 72 hours ahead.  Manual adjustment to the tropical cyclone parameters can be applied on-the-fly to facilitate forecaster’s formulation of alternative scenario of wind forecast.  A tropical cyclone track analog tool was also developed to facilitate automatic extraction of past weather data of tropical cyclone cases with similar tracks for forecasters’ reference.
(b)
The Typhoon Committee Research Fellowship 2008 was awarded to Mr. SUMDIN Santi (Thai Meteorological Department) to conduct a study on the use of high-resolution non-hydrostatic NWP model in the forecast of landfalling tropical cyclones.  The attachment of the fellow at the Observatory took place over a 2-month period during 20 Oct-19 Dec 2008.
Annex VIII
Research Activities in Japan Meteorological Agency (JMA)

1.
Development of a Coupled Atmosphere-Ocean Model for Forecasts of Tropical Cyclones

JMA implemented a major resolution upgrade for the global atmospheric model, Global Spectral Model (GSM), in November 2007. The horizontal resolution was increased to TL959 for the deterministic forecast and the vertical resolution was increased to 60 levels. Through the resolution enhancements, it has become possible for the GSM to predict the intensity of most tropical cyclones explicitly.
To further improve intensity prediction of tropical cyclones, ocean models coupled to the GSM were developed through a layered reduced gravity model and a one-dimensional (1D) ocean model. The layered model was formulated using the Boussinesq and hydrostatic approximations. At the layer-interface, between the mixed layer and the thermocline, the exchange of mass, momentum, heat and salinity took place through the entrainment induced by the turbulence in the mixed layer. The 1D ocean model was designed with higher vertical resolution than the layered model. The oceanic vertical mixing was represented by a simple parameterization scheme, which included a single prognostic equation for the turbulent kinetic energy. Preliminary experiments were carried out for a limited number of cases to assess the impact of coupled models on tropical cyclone forecasts.
2.
Typhoon track prediction with a local ensemble transform Kalman filter
A local ensemble transform Kalman filter (LETKF) was developed and tested with the global spectral model (GSM) at a TL159/L40 resolution. It was noted that a preliminary run in a quasi-operational environment in August 2004 indicated almost perfect prediction of the track of Typhoon Rananim (2004), a case known for its difficulty in track prediction. In fact, most operational NWP systems as of August 2004, when JMA employed 3D-Var, predicted wrongly that Typhoon Rananim would north towards Japan for model runs initialized at 12 UTC on 8 August 2004. Little improvement was obtained using the newer operational 4D-Var system as of August 2006 after major upgrades of the NWP model. In contrast, the LETKF experiment indicated westward movement towards China, almost identical to the analyzed best track. In addition to the excellence of the control forecast, LETKF also demonstrated its potential advantage in ensemble prediction. The ensemble spread by the operational singular-vector or bred-vector EPS was relatively large. In contrast, the ensemble spread by LETKF was much smaller, indicating higher confidence of the forecast. Apart from this case, preliminary results showed that LETKF on average delivered performance superior to the operational 4D-Var in typhoon track forecasts.
3.
Errors induced by the assumption of "small cloud amount" in cumulus parameterization

Errors induced by the assumption of "small cloud amount" in cumulus parameterization were estimated from data obtained from high-resolution cloud-resolving simulations. An area equivalent to a relatively coarse grid (e.g., 20 km x 20 km) was divided into three sub-areas (i.e., convective updraft, convective downdraft, and environmental areas) on the basis of selected criteria. Cloud amount was then defined as the sum of the convective updraft and downdraft areas divided by the whole grid area. Area-averaged values of some physical quantities, such as mass flux and moist static energy, were calculated over the respective sub-areas. On the basis of these area-averaged values, time tendency of moist static energy due to cumulus convection and its error was calculated. As expected, the errors generally increased with increasing cloud amount and, with cloud amount increasing with decreasing area, began to exert a non-negligible influence on the budget as the grid area was reduced to dimensions smaller than 20 km x 20 km.

4.
On the convective asymmetry in the typhoon inner-core region and physical mechanism responsible for it

The distributions of precipitation, radar reflectivity, and vertical motion associated with typhoons frequently exhibit a significant degree of wave number-one asymmetry within the intense inner-core. Recent observational and numerical studies attributed the convective asymmetry to the ambient vertical wind shear in which the typhoons were embedded. To clarify the reason why the rainfall maxima were observed predominantly in the downshear-left quadrant (looking downshear), a Lagrangian trajectory approach was applied to the simulation data obtained for Typhoon Chaba in 2004. The results suggested that asymmetric water vapour distribution caused by shear-induced vertical motion was a primary factor in placing the rainfall maxima on the downshear-left side rather than downshear-right side of the typhoon centre.

5.
Typhoon motion mechanism viewed in terms of surface pressure tendency

The local rate of change of surface pressure can be expressed as the sum of (i) horizontal advection of mass by large-scale flow, (ii) horizontal advection of mass by perturbed flow within typhoon, and (iii) vertical integral of mass divergence through the depth of typhoon. According to some numerical studies, term (i) could simulate typhoon motions well, consistent with what steering theory would imply. The results of the studies also suggested that terms (ii) and (iii) acted to cancel each other out so that the net contribution from these terms to the motion became negligible despite their relatively large magnitudes compared to term (i). Further investigation revealed that term (iii) could contribute to the growth of asymmetric temperature anomaly in a column-averaged sense; on the contrary, term (ii) acted to suppress the growth by azimuthally advecting the anomaly, thereby preventing the typhoon vortex from tilting vertically.

6.
Cyclone phase of tropical cyclones landfalling in Japan during 2004-2006

Cyclone phases for 15 tropical cyclones (TCs) that made 17 landfalls in Japan during 2004-2006 were examined using the gridded re-analysis datasets of JMA. TCs with nine landfalls south of 40

N from late June to early September had the structure of typical tropical cyclones, i.e., a thermally symmetric warm-core structure. TCs with three landfalls north of 40

N and one landfall in western Japan in mid-June had the structure of frontal cyclones, suggesting that environmental baroclinicity could have contributed to the structure change of the cyclones. With the other four landfalls south of 40

N after mid-September, TCs were transitioning into extratropical cyclones with a thermally asymmetric warm-core structure, and were associated with significant features including frontal heavy rain and localized gusts associated with environmental baroclinicity. This suggested that extra precautions should be taken against a TC approaching Japan in mid and late autumn that had features different from those of a typical TC.

7.
Extratropical transition of Typhoon Tokage (0423) and associated heavy rainfall on the left side of its track over western Japan

The evolution of Typhoon Tokage (0423), which made landfall in western Japan and underwent extratropical transition (ET) in October 2004 with strong winds and heavy rain on both the right and left sides of the storm track, was diagnosed using a gridded regional analysis (RANAL) data set produced by JMA. As Tokage made landfall, it was located at the right entrance of an upper-tropospheric jet streak and downstream of a synoptic-scale upper trough. The lack of an intense short-wave trough interacting with Tokage was consistent with the fact that the storm did not re-intensify after the completion of ET. The strong cyclonic circulation in the lower troposphere associated with Tokage strengthened a pre-existing lower tropospheric front over western Japan, and Tokage eventually transformed into a frontal cyclone in the baroclinic zone. The conditional symmetric instability as Tokage approached the upper-tropospheric jet stream, as well as the conditional instability in the lower tropospheric air on the cooler side of the frontal zone over the warm sea surface of the southern Sea of Japan, were considered to be the contributing factors leading e to heavy precipitation along the north coast of western Japan located on the left side of the storm track. Further study would be needed to clarify the impact of air-sea interaction on the intensity and structure of a tropical cyclone in the mid-latitude.
Annex IX
Research Activities in Korea Meteorological Administration (KMA)

1.
Characteristics of rain structure for approaching tropical cyclones over the Korean Peninsula 
Tropical cyclones (TC) moving northward to the Korean Peninsula area are likely to weaken and undergo transition into extratropical cyclonea. Transient mid-latitude weather patterns will exert influence on the structure, speed, intensity, and rain distribution of an approaching TC. Characteristics of rainbands and radar echo distributions and their relation to the polar front jet were examined in this study. Regardless of the total precipitation falling over Korea due to an approaching TC, most of the rainfall was concentrated around the mountainous Jiri area when the TC was located directly over the southern area of Korea. Rainfall was concentrated over the southeastern part of Korea when the TC was located to the southeast. After landfall, intense rainbands were concentrated in the northeastern part in all cases. Rainbands were extensive or separated into two separate bands when the jet was located northeast of Korea. Rainbands were compressed, but much more intense than the former case, when the jet was located northwest of Korea. 

2.
Preliminary study for development of the typhoon forecast model

To determine the optimal configuration of a typhoon forecast model, studies were conducted on tropical cyclone formation and development using idealized physical parameterizations and model domain configurations.  Evaluation on model capability in typhoon track and intensity forecasts was performed using the Advanced Research Weather and Research Forecasting model (ARW). Experiments and a comparative analysis for idealized and 2007 typhoon cases were also undertaken. For each experiment, three different cumulus parameterization and two different planetary boundary layer (PBL) schemes were used. The three convection treatments explored were: the Kain-Fritsch (KF) scheme (Kain and Fritsch, 1993), the Betts-Miller-Janjic (BMJ) scheme (Janjic, 1994), and a non-convective (explicit) scheme. 

3.
Comparison of RSMC-Tokyo, JTWC and CMA-STI Tropical Cyclone best track datasets in a seasonal context

The annual seasonal cycle is the most significant signal in TC activities. There are three sources of best track datasets in the western North Pacific: Regional Specialized Meteorological Center-Tokyo (RSMC-Tokyo), Joint Typhoon Warning Center (JTWC), and Shanghai Typhoon Institute of CMA (CMA-STI). These three datasets are different not only in position analysis but also in intensity definition since their wind averaging times are totally different: RSMC-Tokyo at a 10-min mean, JTWC 1-min, and CMA-STI 2-min. Differences in intensity definition may cause dissimilar results in seasonal analysis due to their impacts on storm life span. Comparison of the three best track datasets in a seasonal context would bring benefits to the investigations of the annual cycle of TC activities.  It was carried out based on yearly storm numbers (YSN), daily storm frequencies (DSFs), and pentad storm frequencies (PSFs). Firstly, sustained winds of both JTWC and CMA-STI datasets were converted into 10-min mean, and those observations with intensity lower than Tropical Storm (TS, >17 m s-1) were excluded since they suffer from more subjectivity. 

Though differences among the three YSN series could be easily detected by eyeball, statistic tests proved that the differences were not significant no matter what statistics were considered: means, variances or medians, which were more robust than means. The distributions of biases between every two DSF series were found to be non-centered on zero. JMA series was the most intense one, CMA-STI the medium, and JTWC the weakest. Additionally, an abrupt change around 2004, which could suggest inhomogeneity of data, was found in the JTWC DSF series when compared to both JMA and CMA-STI data, evidenced also by outliers in the distribution of PSF. Comparison of PSFs exhibited more detailed differences in the annual cycle. The differences were more significant at the seasonal peak between JMA and the other two, while they vanished at the trough. Comparison of the cluster analysis of PSFs indicated that JMA and CMA-STI data were more consistent in spite of their obviously different amplitudes in the annual cycle. In contrast, the clusters of PSF derived from JTWC data were mixed up and were quite different from both JMA and CMA-STI. Furthermore, conversion of CMA-STI data between different wind averaging times modified the results only a little, while JTWC data were affected negatively by the conversion. Therefore, it was concluded that JMA and CMA-STI datasets were more appropriate for seasonal analysis, whereas JTWC dataset seemed to contain more noises.

Annex X

Research Activities in Thai Meteorological Department (TMD)

1. Probability and Return Period of Monthly Rainfall Amount  for Thailand

Thailand is an agricultural country, and the majority of farmers need to use rainfall for planting.  If we can estimate the amount of rainfall at various probability levels and return periods, then the farmers would use both of them for choose suitable crops and managing the efficient crops system that appropriate in their any areas.

Using meteorological data from 114 meteorological stations over Thailand during 1951 – 2005, an agrometeorological model “Rainbow” was used to generate rainfall values at different probability levels and return periods for Thailand in the form of tables.  These results served as a preliminary tool for water management planning and decision-making with the aim of enhancing efficiency in agricultural activities.

2. Assessment of Rainfall Impact on Crops during Northeast Monsoon by Generalized Monsoon Index

It is generally believed that the crop growth in Thailand by the end of the rainy season when the Northeast Monsoon starts prevailing over the country is frequently affected by drought, particularly in upper Thailand.
To verify this assumption, rainfall data recorded at weather stations throughout Thailand from October till January of the following year were analyzed to assess rainfall impact on crop growth during the Northeast Monsoon season in the form of a Generalized Monsoon Index (GMI).  Such an index can be used to identify the areas where the drought takes place and to indicate the severity of drought in various areas. The data used in this study started from October 1951 and ended in January 2006 for computing GMI and for deriving the percentile ranking (GMIpct) for the year 2005. The results also helped to identify the occurrence of drought between the growing period (October 2005) and the harvesting period (January 2006).

During the Northeast Monsoon season in 2005, it was found that the majority of the Southern Region of Thailand could be used to grow crop without the risk of drought, except for the areas near the stations located near the Pattani Airport, Ranong, Phuket, Kolanta, and the Trang Airport.  The level of drought identified in those areas were in the range of “have moderate drought impact on crops” to “drought impact on crops”.  In the case of upper Thailand, areas where drought was not found included the upper part of the Northern Region, the southwestern part of the Northeastern Region, the lower part of the Central Region, and the whole area of the Eastern Region.  The level of drought in the majority of these areas was in the range of “have a normal crop” to “possible excessive moisture”.

3. Application of Artificial Neural Network (ANN) for Flood Forecasting in PASAK BASIN

The Pasak river basin is located in the lower part of northern Thailand with a long feather-like shape. The basin originates from the mountainous area of Petchaboon mountain covering a large highland area of 15,402 sq. km with many slopes.  It has a high rate of landslide leading to flash flood downstream, causing severe social and economic loss. The efficiency of the water level forecast and flood warning system needs to be developed to minimize the impact on the environs.

An artificial neural networks (ANN) was studied and developed for forecasting daily runoff.  The study applied ANN with back-propagation algorithms for short-term water level forecasts at 9, 12, 21 and 24-hour range for Lomsak and Wichianburi stations in the upper Pasak river basin.  It utilized 3-hourly observed water level data at 06:00, 09:00, 12:00, 15:00, 18:00 hour and observed rainfall data at 01:00, 04:00, and 07:00 hour from the archive data in the period of 2000-2007.  The accuracy of the water level forecasting was evaluated by using statistical performance indices.  It was found that the ANN produced satisfactory results with correlation coefficient (R2) of 0.9. The results indicated that the root mean squared error of optimized yields for the training and testing steps were 0.021 and 0.017 respectively.

4. Numerical Weather Prediction Output Integration by GIS Technique for Forecasting and Early Warning in the Risk Area     

Numerical Weather Prediction (NWP) data are very useful for the prediction of severe weather, such as storm tracks, rainfall tendency, wind speed and direction. Given the large amount of atmospheric data generated by the model and the complex processing tasks to be performed, high performance computers are required to output the results in a timely and usable format. When successfully integrated with Geographic Information Systems (GIS), spatially related products can be generated to facilitate the collection, storage, management, analysis, visualization and interpretation of data.  
A project was initiated to reconcile the data formats the integration of NWP data on GIS platforms. A case study was conducted on the approach of Typhoon “Xangsane” towards Thailand.  Use of a GIS software allowed applications in weather analysis, mapping, data integration and distribution to be developed. The benefits of this application software were much appreciated by forecasters and other users for reducing the loss of life and the damage of property during natural disasters. Data management and administration of meteorological parameters such as development of databases, metadata standards and formats (both for storage and exchange), data infrastructure interoperability in support of early warning systems in the risk prone areas. 

Annex XI
Research Activities  (input from the US representative)
The THORPEX Pacific Asian Regional Campaign (T-PARC 2008) and TCS08 field experiments were held this summer in the western North Pacific between 1 August and 4 October 2008.  Its scientific goals for THORPEX include examining the interaction of various scales of motion in order to improve the description and prediction of medium range weather phenomena. 
This summer, the TCS08 goals include observing the development, movement, structure, and extratropical transition of tropical cyclones.  Mission centers were on Guam, as well as in Taiwan and Japan. Multiple international agency cooperation was required to coordinate the complex mix of aircraft, satellite and land-based observations. The following web site explains the goals and objectives of the program: 
http://met.nps.edu/~tparc/USParticipants.html 
http://met.nps.edu/~tparc/TCS-08.html.  
The data sets are now freely available on the NCAR EOL catalog. A description of the TCS08 is in:

Elsberry, R. L., and P. A. Harr, 2008: Tropical Cyclone Structure (TCS08) Field Experiment Science Basis, Observational Platforms, and Strategy. Asia-Pacific Journal of Atmospheric Sciences, 44, 3.
Annex XII
List of Resource Persons (as at 31 October 2008)
	Member
	Specialties
	Name
	E-mail
	Affiliation

	(A) Data Assimilation



	China
	TC vortex initialization


	LIANG, Xudong
	Liangxd@mail.typhoon.gov.cn
	Shanghai Typhoon Institute

	
	TC intensity estimation 
by radar, satellite, SSMI and QuikScat
	GAO, Shuanzhu 
ZHOU, Bing
	gaosz1129@sina.com
bingz@cma.gov.cn
	National Meteorological Center

	
	Radar data quality control and assimilation scheme
	GONG, Jiandong
	gongjd@cma.gov.cn
	National Meteorological Center

	Hong Kong, China
	TC data assimilation
	W.K. WONG
	wkwong@hko.gov.hk
	Hong Kong Observatory

	Japan
	TC vortex initialization
	Mitsuru UENO

Masaru KUNII
	mueno@mri-jma.go.jp
mkunii@mri-jma.go.jp
	Meteorological Research Institute

	
	Satellite data analysis
	Tetsuo NAKAZAWA
	nakazawa@mri-jma.go.jp
	Meteorological Research Institute

	
	TC intensity estimation
	Tetsuo NAKAZAWA
	nakazawa@mri-jma.go.jp
	Meteorological Research Institute

	
	Data analysis related to extratropical transition
	Naoko KITABATAKE
	nkitabat@mri-jma.go.jp
	Meteorological Research Institute

	(A) Data Assimilation (cont’d)



	Republic of 
Korea
	Typhoon bogussing
	YOO, Hee Dong
	hyoo@kma.go.kr
	Korea Meteorological Administration

	
	
	KWON, H. Joe
	hjkwon@kongju.ac.kr
	Kongju National University

	
	Satellite data analysis
	PARK, Jong Seo
	jspark@kma.go.kr
	Korea Meteorological Administration

	
	Radar data analysis
	LEE, Jong Ho
	jhlee@kma.go.kr
	Korea Meteorological Administration

	USA (western North Pacific)
	TC analysis, satellite interpretation, use of microwave imagery and scatterometer data
	Roger EDSON
	roger.edson@noaa.gov
	NOAA National Weather Service

Guam

	(B) Modelling


	China
	Numerical schemes 
of TC model
	DUAN, Yihong 
	duanyh@mail.typhoon.gov.cn
	Shanghai Typhoon Institute

	
	TC model physics and bogussing schemes
	MA, Suhong
	mash@cma.gov.cn
	National Meteorological Center

	
	Ensemble track forecasting
	ZHOU, Xiaqiong 
	zhouxq@mail.typhoon.gov.cn
	Shanghai Typhoon Institute

	
	Typhoon modelling
	LIANG, Xudong 
	Liangxd@mail.typhoon.gov.cn
	Shanghai Typhoon Institute

	(B) Modelling (cont’d)



	Hong Kong, China
	TC modelling and bogussing schemes
	W.K. WONG
	wkwong@hko.gov.hk
	Hong Kong Observatory

	Japan
	Numerical schemes 
of TC model
	Wataru MASHIKO
	wmashiko@mri-jma.go.jp
	Meteorological Research Institute

	
	Physical processes 
of TC model
	Mitsuru UENO
Akihiko MURATA
	mueno@mri-jma.go.jp
amurata@mri-jma.go.jp
	Meteorological Research Institute

	
	TC-ocean interaction

(incl. mixed-layer 
ocean and ocean surface wave modelling)
	Nadao KOHNO 
Akiyoshi WADA
	nkohno@mri-jma.go.jp awada@mri-jma.go.jp
	Meteorological Research Institute

	
	Storm surge modelling
	Nadao KOHNO
	nkohno@mri-jma.go.jp
	Meteorological Research Institute

	Republic of 
Korea
	Global NWP model tracks 
	YOO, Hee Dong
	hyoo@kma.go.kr
	Korea Meteorological Administration

	
	Ensemble track
forecasting
	YOO, Hee Dong
	hyoo@kma.go.kr
	Korea Meteorological Administration

	
	Typhoon modelling
	YOO, Hee Dong
	hyoo@kma.go.kr
	Korea Meteorological Administration

	
	
	KWON, H. Joe
	hjkwon@kongju.ac.kr
	Kongju National University

	
	
	BAIK, Jong Jin
	jjbaik@snu.ac.kr
	Seoul National University

	(C) Forecasting



	China
	Track and intensity 
forecasting
	LEI, Xiaotu
	Leixt@mail.typhoon.gov.cn
	Shanghai Typhoon Institute

	
	Long-range prediction 
of typhoon
	XU, Ming
	Xum@mail.typhoon.gov.cn
	Shanghai Typhoon Institute

	Hong Kong, China
	TC climatology and best track analysis
	W.H. LUI
	whlui@hko.gov.hk
	Hong Kong Observatory

	
	TC intensity, structure and landfall impact
	Edwin S.T. LAI
	stlai@hko.gov.hk
	Hong Kong Observatory

	
	Long-range forecasting
of TCs
	S.M. LEE
	smlee@hko.gov.hk
	Hong Kong Observatory

	
	TC motion, intensity, 
size, modelling and seasonal prediction
	Johnny C.L. CHAN
	Johnny.Chan@cityu.edu.hk
	City University of Hong Kong.

	Republic of Korea
	Track and intensity forecasting
	YOO, Hee Dong
	hyoo@kma.go.kr
	Korea Meteorological Administration

	
	
	KWON, H. Joe
	hjkwon@kongju.ac.kr
	Kongju National University

	
	
	BAIK, Jong Jin
	jjbaik@snu.ac.kr
	Seoul National University

	
	
	SOHN, Keon Tae
	ktsohn@pusan.ac.kr
	Pusan National University

	(C) Forecasting (cont’d)



	Republic of Korea
	Long-range prediction 

of typhoon
	KWON, H. Joe
	hjkwon@kongju.ac.kr
	Kongju National University

	
	
	SOHN, Keon Tae
	ktsohn@pusan.ac.kr
	Pusan National University

	Singapore
	Seasonal prediction 
of typhoon
	LIM, Tian Kuay
	LIM_Tian_Kuay@nea.gov.sg
	Meteorological Services Division, 
National Environment Agency

	USA (western North Pacific)

	TC analysis and forecasting, seasonal prediction, 
use of microwave imagery 
and scatterometer data, Dvorak technique

	Mark LANDER
	mlander@uguam.uog.edu
	University of Guam

(WERI)

	
	Satellite data analysis, 
use of microwave imagery


	Jeff HAWKINS
	Jeff.Hawkins@nrlmry.navy.mil
	Navy Research Laboratory, Monterey

	
	Satellite data analysis, 
use of microwave imagery, automated Dvorak Technique, AMSU


	Chris VELDEN
	chris.velden@ssec.wisc.edu
	CIMSS, University of 

Wisconsin-Madison

	
	Satellite data analysis, 
use of microwave imagery, AMSU

	John KNAFF
	knaff@CIRA.colostate.edu
	CIRA, Colorado State University 

	(D) Application



	Hong Kong, China
	TC warning systems

and operations
	Hilda LAM (Mrs)
	hildalam@hko.gov.hk
	Hong Kong Observatory

	
	TC information visualization and display systems
	W.M. MA
	wmma@hko.gov.hk
	Hong Kong Observatory

	USA (western North Pacific)
	TC warning and disaster preparedness, seasonal prediction, Dvorak technique
	Chip GUARD
	chip.guard@noaa.gov
	NOAA National Weather Service

Guam
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