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This document contains description on the use of EPS and probabilities, especially in the context of Region II. 




ACTION PROPOSED

The Meeting is invited to study this document and make appropriate recommendations contributing to the implementation of (a) demonstration project(s) of severe weather forecasting.

FOR A DEMONSTRATION PROJECT OF SEVERE WEATHER FORECASTING
by

Woo-Jin Lee

Korea Meteorological Administration

1. Review on Progress of EPS

1.1 Most of advanced centers are now producing probability forecasts on short, medium and/ or long-range, based on a Ensemble Prediction System (EPS).

1.2 The uncertainty in initial state and/ or numerical model is reflected in the EPS.  While singular vectors or bred vectors are frequently used as perturbed initial analyses, they could be directly obtained from the randomly perturbed observations.  Targeted norm is designed to represent local instability mechanism associated with initial uncertainty.

1.3 While multiple simulation with varying physics in a model is a simple way of developing ensemble representing uncertainty in the model, random forcing in space and time is also introduced to simulate the uncertainty.  The surface boundary condition (i.e., soil moisture, SST) is another source of uncertainty.  The lateral boundary condition is perturbed in the EPS based on regional models. 

1.4 The so-called poor person’s ensemble is a combination of various model outputs, which are produced from different initial analysis and/ or from different model configurations. Poor man’s ensemble in UK Met. and JTWC(USA)’s experience with consensus forecasting of tropical cyclone track and intensity provide vivid examples for the usefulness of the multi-model ensemble.

1.5 The ensemble approach to deal with uncertainty is applied from short to long term prediction.  Even though the underlying science are different, the decision making strategy and evaluation techniques of performance could be shared.  In a sense EPS provides a practical ground for the seamless forecast from short to long range. The downscaling of EPS is one of hot issue for development, considering the limitation of coarse mesh resolution model for representing meso-scale features.  The statistical interpretation approach (e.g. Kalman filtering) is examined on the EPS products as a downscaling technique.

1.6 The EPS provides a measure of background error covariance, which is varying in space and time.  The variational data assimilation system can be extended to incorporate time varying background errors, combined with EPS. While both analysis and background errors are updated in EnKF, only analysis are corrected in ETKF.  These new techniques are under development or experimental stage.  More economic schemes would be developed before implementation at operational centers.
1.7 Basic framework for the verification of EPS is well established and standardized.  The exchange of reliability table is under progress with the support of data server from JMA (http://epsv.kishou.go.jp/EPSproducer/).  Reliability, resolution, Brier score, relative operating characteristics (ROC) curve, analysis rank histogram (or Talagrand diagram) can be obtained from the table. Economic measures of EPS can be derived as well. 

1.8 Basic products from EPS, such as ensemble mean and spread, spaghetti plots, EPSgrams, most likely event graphics for probability of exceedance, plume diagrams, box and Whisker diagrams could be accessed at many EPS producing centers via Internet.  Additional products are used for the weather forecasting, such as, most likely event graphics.  It is observed that additional products are developed for the early warning of severe weather potential, such as, probability of CAPE and LI indexes.

1.9 Training materials for forecasters are under development, and some information and guidelines can be found at Internet (e.g., http://meted.ucar.edu/nwp/pcu1/ensemble/), which include use of probability concepts and interpretation of various probability diagrams provided by EPS, and the concerns on bias of EPS and relevant calibration.  Two training workshops are organized by WMO in 2005.  In addition, EPS community collaborate with THORPEX program in the identification of target observations, and in the evaluation of field experiment with the multiple model simulation.

2. Implication to Severe Weather Forecasting

2.1 EPS provides a quantitative measure of uncertainty or probability faced with multiple forecast scenarios.  The probability can be wisely used in decision making under uncertainty to yield the most desirable outcome if the economic consequence of each decision could be evaluated in monetary values and the relationship between a forecast scenario and the corresponding decision were well established.  The severe weather is generally speaking of a highly dangerous weather affecting local society in aspect of loss of human lives and damage in properties.  The decision to prepare in advance against the severe weather requires the probabilistic forecasts for the risk associated with the severe weather concerned.

2.2 EPS also provides extreme scenarios feasible in the given synoptic setting.  The severe weather event is rare, unique, and difficult to classify with conventional concepts, and often misleads even experienced forecasters on the likelihood of the event to occur.  The EPS alarms to forecasters for the possibility of the severe weather event regardless of the high or low value of probability.

2.3 The potential value of EPS on medium-range (3-5 days) is well acknowledged with the state of art science and technology.  The synoptic pattern of severe weather could be represented in some member forecasts of EPS, which could be most valuable to forecasters to develop various weather scenarios well ahead of time, and to prepare for further monitoring and investigation on mesoscale developments along with, as the target time become closer to 1-2 day leadtime.  The extreme value index, mean/spread in precipitation amounts, spaghetti plots for critical precipitation thresholds are a few examples currently in use.

2.4 The value of short-range EPS should be identified with detailed case studies.  It is challenging to use the short-range EPS for the severe weather forecasting on 6-36 hour range. 

3. EPS Examples for Demonstration Project

3.1 Cases 

It is useful to divide a case focused into two stages; (1) pre-alert stage for synoptic condition, and (2) downscaling to meso-scale details.  Extratropical cyclone, tropical cyclone, polar lows are considered in the former, and severe thunderstorm, heavy rain or snow, dust storm, cold surge imbedded belongs to the latter.

3.2 Participants and Pre-requisite knowledge 

The participants for the demonstration project are assumed to be forecasters in operational centers, and to have some knowledge on the basic concepts and principles of EPS, strategies for constructing ensemble systems.  Otherwise it is recommended to have a pre-session or tutorials on the basic fundamentals in EPS for them.

3.3 Objective for EPS Demonstration

It is desired to appreciate the usefulness of probabilistic information for the risk management associated with severe weather forecasting in seamless context from medium-range to nowcasting range by examining cases with both EPS products and conventional deterministic products.  At the end of the demonstration of cases, participants should:

Be motivated in using EPS and probabilistic products on severe weather forecasting;

Have a basic understanding in EPS applications, capabilities and limitations for the decision making under uncertainty;

Know how to incorporate the EPS in the forecast process in a seamless way;

Know where to access EPS products, verification results, self learning CAL modules, and further information/help
3.4 Design of Contents for EPS

The following points are recommended to be considered for designing demonstration contents on EPS.

- Understand where to find and how to build range of scenarios, alternatives, and extremes based on various EPS charts for varying synoptic setting (stamp maps, spaghetti charts, ensemble mean and spread, cluster/ tubes, EPS grams and plumes, EFI index, etc.)

- Understand how to interpret various probabilistic EPS products for confidence assessment, risk management and communication of uncertainty to users (including PDFs/CDFs, stacked probabilities, storm track and strike probability charts)

- Understand how to combine EPS products (regional EPS in particular) with deterministic forecast charts and nowcasting information to add values, to develop scenarios on mesoscale details and to make decisions on severe weather warnings in a seamless manner

- Appreciate the capabilities and limitations of EPS products compared with deterministic products
4. Regional Perspective: Asia

4.1 The current status of EPS at Asian region (RAII) is summarized in Annex I.  A few EPS products are available via Internet or fax in realtime at operational centers (e.g., http://www.kma.go.kr/kmas/kma/english/inforser/inforser04_08.jsp) including mean and spread, plumes, spaghetti plots, probabilities of threshold precipitation and gust winds. 

4.2 The JMA host a ftp server for the exchange of verification scores in terms of the ranked reliability table among EPS producers (http://epsv.kishou.go.jp/EPSproducer/).  It is desired to extend and speed up the exchange of verification scores to various aspects of model performance on severe weather forecasting in the region.

4.3 Dr. Tsuyuki Director of Numerical Weather Prediction Division JMA forwarded few points for the interest of this meeting.

· For NWP of severe and extreme events, it is crucially important to expedite real-time exchange of observational data that are not currently disseminated among Asian countries.  In particular, there are much less aircraft data (AMDAR) over Asia compared to over Europe and North America.  Quite recently, the idea of international exchange of locally received ATOVS data has been drawing much attention among NWP and satellite communities.
· One of the aims of WWRP is to improve forecasts of high-impact weather.  One of the strategies of WWRP/SSC is to plan and promote the forecast demonstration project (FDP), which seems similar to the demonstration project of severe weather forecasting on agenda item 3 of the expert meeting.  The successful FDP of WWRP was the Sidney 2000, which is a nowcast FDP on the occasion of the Sidney Olympic Games.  One of the currently planned FDPs is the Beijing 2008, which is similar to the Sidney 2000 but Short-range NWP and air quality forecasts components are also planned.  It would be more productive for the expert meeting to liaise with WWRP.
· It is desired that WMO speed up the publishing process of annual progress reports such as the NWP Progress Report in order to accelerate information exchange on severe weather forecasting among WMO members.
4.4 There are plans for the workshops or demonstration projects in the region associated with severe weather forecasting. 

· There will be held an International Workshop on Very-short-range Forecasting of Severe Weather at Tokyo during 15-17 December 2004.  The provisional program of the workshop is attached for the reference. 

· A provisional program for the training workshop on EPS for region II and V, hopefully be held in late Spring 2005, was proposed by the rapporteur for the consideration of WMO. 

· A WWRP advisory group visited Beijing during July 2004 following the 6th SSC.  Members include of Keenan(Chair), Kuo (NWP), Anderson-Berry (Impacts), Brown (Verification) , O'loughlin (CBS), GURME (air pollution) to discuss present FDP B08 proposal.  Issues to be examined include mesoscale EPS and its research nature, role of air quality and associated data availability, weather modification and its potential impact on any FDP, development of impacts and verification program components, and expanding the overall international involvement.  A process to involve WWRP groups is required.  Peter Li – indicated that the modified HK precipitation nowcasting system to work with CMA radar data; definitely interested in participated in B08 (extracted from the DRAFT Minutes WWRP Nowcast Working Group, FMI, Helsinki, 9-11 June, 2004).
5. Survey on severe weather and useful products in Asia

5.1 The rapporteur recently conducted a survey for the Members in region II (Asia) during September 2004, enquiring the priority in severe weather phenomena and the useful model fields for the severe weather concerned.  Seven Members replied on the survey, Hong Kong China, Japan, Kazakhstan, Macao China, Oman, Rep. of  Korea, and Uzbekistan.  The list of NWP fields used for the survey is duplicated in Annexes IV and V.

5.2 The severe weather concerned in Asian region includes:

· Primary priority group: heavy rain/ floods

· Secondary priority group: wind storm

· Third priority group: cold surge, dust storm, visibility hazards

· Fourth priority group: heat waves

· Etc. : thunderstorm

5.3 The useful NWP products for the heavy rain/ floods are:

· Primary priority group: dew point temperature, precipitation amount including precipitable water content and snow accumulation, relative humidity, CAPE/CIN, sea-level pressure, 

· Secondary priority group: geopotential height, relative humidity, surface pressure, dew point temperature, vertical velocity, vorticity and divergence, 

· Third priority group: categorical precipitation types, 3 hr pressure change, convective cloud top height and temperature, wind, equivalent potential temperature, LCL and LFC, snow cover, frontogenesis

5.4 The useful NWP products for the wind hazards are:

· Primary priority group: sea level pressure, gust wind, 3 hr pressure change, geopotential height

· Secondary priority group: wind, vorticity, divergence

· Third priority group: surface temperature, CAPE/CIN, precipitation amount, relative humidity, dew point temperature, vertical velocity, PBL height, cloud top height, clear air turbulence index, cloud top temperature, equivalent potential temperature, static stability, frontogenesis, vertical shear

5.5 The useful NWP products for the cold surge are:

· Primary priority group: surface temperature, sea level pressure

· Secondary priority group: wind, geopotential height

· Third priority group: relative humidity, dew point temperature, snow depth, catogorical precipitation types, freezing levels, vorticity, CAPE, terrain height, vertical shear, vertical advection of potential temperature, 3-hr pressure change, frontogenesis, thickness

5.6 The useful NWP products for the dust storm are:

· Primary priority group: relative humidity, dew point temperature, sea-level pressure, visibility, geopotential height 

· Secondary priority group: precipitation amount, wind and gustness, precipitation types, equivalent potential temperature 

· Third priority group: surface temperature, 3 hr pressure change, soil moisture, PBL height, cloud base and top height, surface extinction coefficient due to hydrometeors, frontgenesis, static stability 
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Fig. 1. Example of EPS products on vertical instability. http://www.meted.ucar.edu/nwp/pcu1/ensemble/print.htm#3.1.1
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Fig. 2. Main menu at Web server for EPS verification at JMA. http://epsv.kishou.go.jp/EPSproducer/
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Fig. 3. A sample plot at Web server for EPS verification at JMA. http://epsv.kishou.go.jp/EPSproducer/
ANNEX I: Ensemble Prediction System in Region II (Asia)

* The Annex I is partially updated from the rapporteurs’ proposal on ensemble prediction system workshop submitted to WMO early this year. 
1. Overview

1.1 There is a growing interest on Ensemble Prediction System (EPS) in region II.  Four Members are running EPS for operation in the region.  Three Members run EPS for both medium and long range, and one Member runs EPS mainly for the long-range prediction.  Following the suggestion of ET on EPS, JMA hosts two Internet sites for exchanging the EPS verification results between EPS producing centers.  So far, both sites are available only for the registered producing centers to investigate the performance of EPS.  The ET on EPS has a plan to open such a Web site to NMHCs in order to improve the usage of EPS products in near future. 
1.2 During last few years, the size of ensemble increases twice or more in the region. However, the EPS outputs are mostly used at the producing center, and some products are available to other Members via Internet or Fax.  The EPS products from other region (for instance, NCEP, NOGAPS) would also be referenced in the region through Internet, even though it is hard to monitor its usage in a quantitative manner.  The needs and requirements for the education and training are high for the promotion and application of EPS. 

1.3 The brief summary for the EPS in the region is summarized in Table 1, and more details are described in the following sections.

2. EPS products 
2.1 China:

- The Medium-range products of the ensemble mean, the probability of precipitation, the Clusters and the spaghetti diagram are available for center weather office of CMA through intra network once a day.

2.2 Japan

- The basic products in grid form are available by accessing the JMA RSMC Data Serving System.  The graphic products are available at http://eps.kishou.go.jp/EPSMRF/ for registered users.

2.3 Korea (Rep.)

- The ensemble mean and spread, spaghetti diagram, plume diagram, the probability of precipitation and gustness are provided for +10 days from the analysis of 17 EPS members once a day at KMA (http://www.kma.go.kr/kmas/kma/english/inforser/inforser04_08.jsp).  Full dataset of KMA EPS members could be accessed through FTP services once a day, and the dataset are regularly exchanged with JMA.

2.4 Russia

- At the moment EPS for LRF works quasi-operationally: (a) 1-month forecasts are issued once a month (10 ensemble members), and (2) during the next year (2004) seasonal forecast products are to be available via Internet.

3. Verification 

3.1 China

- Probabilistic forecasts are verified by using Talagrand diagram, Brier score, Brier skill score, Relative Operation Characteristics (ROC).

3.2 Japan
- The scores are available only for internal users in JMA. Products of EPS are verified routinely in several verification areas in JMA.
- The ensemble mean is verified by using RMSE score and the anomaly correlation score.
- The spread is verified by the correlation coefficient between forecast skill and the spread.
- Probabilistic forecasts are verified by using Brier score, Brier skill score, reliability diagram, Relative Operation Characteristics (ROC) diagram and Talagrand diagram
-  The ranked reliability table for the MSLP, temperature, geopotential are regularly exchanged through the FTP server at JMA (http://epsv.kishou.go.jp/EPSproducer/).
3.3 Korea (Rep.) 

- The verification scores of ensemble mean are evaluated with mean error, RMSE and anomaly correlation in several areas, in the same manner as the deterministic NWP forecasts. 

- Ensemble probabilistic forecasts are verified by using Talagrand diagram, reliability diagram, Brier score, Brier skill score, Relative Operation Characteristics (ROC) diagram and economic value diagram. 

-  The ranked reliability table for the 850hPa temperature are regularly exchanged through the FTP server at JMA (http://epsv.kishou.go.jp/EPSproducer/).
3.4 Russia

- RMSE, Skill Score, Mean Abs. Error, Mean Error, ROC are measured.

4. Application
4.1 China

- The cluster analysis is performed on the 500hPa height fields produced by the 32 individual forecasts. 

- The discrete distance-clustering algorithm, which is derived from the Tubing method, is applied to the flow over China.

- The probabilities of 850 hPa temperature anomalies are calculated on the assumption that each ensemble member is equally likely to occur. 

- With the assumption that each ensemble member is equally likely to occur, the rainfall categories are >1mm/day, 10mm/day, >25mm/day, >50mm/day, >100mm/day in the region of China.
4.2 Japan

- JMA issues everyday the weather map, the reliability index, the temperature with a variability range, the probability of precipitation and the categorical weather forecast up to a week. 
- The weather map is based on a central cluster composed of nearest six members from the ensemble mean.  The reliability index is calculated from the spreads of 500 hPa geopotential heights and sea-surface pressure around Japan.  The maximum and minimum temperature with their variability range is calculated with the Kalman filtering technique. 

- The probability of precipitation is derived from the ratio of the ensemble members in which 24hr forecast precipitation exceeds a certain threshold to all members.
4.3 Korea (Rep.)  

- The ensemble mean and spread chart, spaghetti diagram, and plume diagram are provided to the weather forecasters in the form of web based graphic once a day. 

- A probability of daily precipitation amount exceeding 1mm, 5mm, 25mm, and 50mm is provided with the assumption that each member has equal likelihood of occurrence.

- The statistic interpretations of cluster mean from clustering analysis and central cluster mean and extreme members from tubing method are under development, while various measures, including observation perturbation is explored to improve the spread of ensembles in the early period of projection. The EFI index for “Early Warning System” is examined for forecast application.  

- Track forecasts from EPS has been used for the tropical cyclone forecasting.

4.4 Russia

- Manual interpretation, Statistical interpretation
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Fig.  1. A sample plot for probability of gustness from EPS at KMA. http://www.kma.go.kr/kmas/kma/english/inforser/inforser04_08.jsp
Table 1.  STATUS OF RSMCs AND NMCs RELATIVE TO EPS (as of September 2004)
	
	
	
	
	
	
	DISSEMINATION

	CENTRE
	STATUS
	MODELS
	RESOL.
	LEVELS
	RANGE
	GTS
	FAX
	SATELLITE
	SPECIAL

	BANGKOK
	NMC
	
	
	
	
	
	
	
	

	BEIJING


	Geo. And Transport Model (T.M.) RSMC
	Ens. 32 members
	T106
	19
	10 days
	
	
	
	

	
	
	Ens. 32 members
	T63
	16
	1 month
	
	
	
	

	HONG KONG 
	NMC
	
	
	
	
	
	
	
	

	MOSCOW
	NMC
	ENS, 10 members
	T40
	15
	1 month

(4 months in 2004) 
	
	
	
	Internet -

	NEW DELHI*


	Geo. and T.C. RSMC
	
	
	
	
	
	
	
	

	OMAN*
	NMC
	
	
	
	
	
	
	
	

	SEOUL


	NMC
	Ens. 17 members
	T106
	30
	10 days
	
	
	
	Internet

	
	
	Ens. 20 members
	T106
	21
	130days
	
	
	
	Internet

	
	
	Ens. 20 members
	T106
	21
	7month
	
	
	
	Internet

	TOKYO
	Geo.-T.M. and

T.C. RSMC


	Ens. 25 members
	T106
	40
	216 h
	
	
	
	RSMC Tokyo DSS

	
	
	Ens. 26 members
	T106
	40
	One month
	
	
	
	TCC/JMA web site

	
	
	Ens. 31 members
	T63
	40
	4 months
	
	
	
	TCC/JMA web site (in 2003)


GM = Global Model;  LAM = Limited Area Model;  MSM = Meso Scale Model (resolution higher than 20 km), Ens: Ensemble Prediction  System

* Use of W/S or PC for running NWP model
ANNEX II: Japanese Ship and Ocean Nowcasting Workshop 2004-

Keenan on behalf of Yamada

** The following information has been extracted from the DRAFT Minutes WWRP Nowcast Working Group (FMI, Helsinki, 9-11 June, 2004).

An international WWRP endorsed nowcasting workshop is to be held in Tokyo, Japan and will be conducted over the period 15-17 December, 2004.  It is supported by JMA and the Japanese Ship and Ocean Foundation.  WWRP NWG member S. Yamada is responsible for the workshop.  Objectives include:

· To introduce the most advanced nowcasting techniques and systems to Japanese meteorological community

· To promote activities toward  implementation of advanced nowcasting systems and collaboration with the user communities in Japan

Invited speakers include considerable WWRP representation. 

· Dr. L. Berry (BMRC, Australia)

· Dr. A. Crook (NCAR, USA)

· Prof. C. Collier (Univ. Salford, UK)

· Dr. P. Joe (MSC, Canada)

· Dr. T. Keenan (BMRC, Australia)

· Dr. P. W. Li (HKO, Hong Kong)

· Dr. J. Wilson (NCAR, USA)

· Mr. Wang (BMB, China)

· Mr. Nakaya (MLIT, Japan)

The agenda is attached.  This workshop has considerable potential to advance nowcasting within the Asian community, linking with the B08 FDP and introducing WWRP concepts within Japan.  

Recommendation: That the WWRP NWG support the workshop and the contribution that JMA and the Ship and Ocean foundation are making to advance the science of nowcasting.

“International Workshop on Very-short-range Forecasting of Severe Weather”
sponsored by Ship and Ocean Foundation
Date: from 15 Dec. 2004(Wed.) through 17 Dec. 2004(Fri.)

Place: Headquaters of Japan Meteorological Agency, Tokyo, Japan
Main theme: Current status and perspectives on very-short-range forecasting (nowcasting) techniques of severe weather

Program

Wednesday 15th December

09:45 – 09:55 Opening Remarks : Director of J.M.A.(?) 

Session 1. Meso-scale Observational System and Nowcasting Activities in JMA: Chair Dr. Akaeda (JMA), co-chair Dr. Collier (UK)(?)

10:00 – 10:40 Mesoscale observational system (Radar & LIDEN) in Japan: Mr. Kimata (observational system deployment and maintaining division / JMA)

10:40 – 11:20 Precipitation analysis using dense raingauge network and precipitation nowcasting in Japan: Mr. Tsujimura (forecast division / JMA)

11:20 – 12:00 13 Oct. 2003 Downburst near Narita Airport and its potential capability of nowcasting: Dr.Nakazato (MRI /JMA)

12:00 – 13:30 Lunch break

Session 2. Advanced End-to-end Nowcasting Systems: Chair S. Yamada (JMA), co-chair Dr. Berry (Australia)(?)

13:30 – 15:00 Overview of the Sydney 2000 FDP and TIFS: Dr. T. Keenan (BMRC, Australia)

15:00 – 15:20 Coffee break

15:20 – 16:30 Autonowcaster: Dr. J. Wilson (NCAR, USA)

16:30 – 17:40 CARDS: Dr. P. Joe (MSC, Canada)

18:00 – 19:30 Reception

Thursday 16th December

Session 2. Continued

09:40 – 10:50 SIGOONS PROJECT: Dr. S. Senesi (Met.France, France)

10:50 – 12:00 SWIRLS: Dr. P. W. Li (HKO, Hong Kong)

12:00 – 13:30 Lunch break

Session 3. Advanced Analysis Techniques : chair Dr. Koizumi (JMA), co-chair Dr. Li (Hong Kong)(?)

13:30 – 14:40 Summary of the IHOP: Dr. J. Wilson (NCAR, USA)

14:40 – 15:20 4-DVar assimilation of Doppler Radar data: Mr. Ishikawa (numerical prediction division / JMA)

15:20 – 15:40 Coffee break

15:40 – 16:50 VDRAS: Dr. A. Crook (NCAR, USA)

16:50 – 17:30 JMA’s variational analysis system using non-hydrostatic meso-scale model: Mr. Honda (numerical prediction division / JMA) 

Friday 17th December

Session 4. Advanced Forecasting Algorithms and Techniques: Chair Dr. Nakazato (MRI), co-chair Dr. Wilson (USA)(?)

09:40 – 10:40 S-PROG: Dr. T. Keenan (BMRC, Australia)

10:40 – 11:40 Severe Weather Detection Algorithms: Dr. P. Joe (MSC, Canada)

Session 5. Societal Impact of Nowcasting: Chair Dr. Oobayashi (JMA), co-chair Dr. Joe (Canada)(?)

11:40 – 12:10 Needs and requirements for precipitation nowcasting from the standpoint of basin management: Mr. Nakaya (River Bureau, MLIT)

12:10 – 13:40 Lunch Break

13:40 – 14:40 Societal impact of the Sydney 2000 FDP: Dr. L. Berry (BMRC, Australia)

14:40 – 15:10 Risk management for Lightning damage and potential use of nowcasting: Prof. Seno (Univ. Tokyo)

15:10 – 15:30 Coffee break

Session 6. International Activities related with Nowcasting Severe Weather: Chair Dr. Keenan (Australia), co-chair S.Yamada (JMA) 

15:30 – 16:00 Nowcasting reserach activities in the WWRP framework: Dr. T. Keenan (BMRC, Australia)

16:00 – 17:00 Beijing Olympic FDP 2008: Mr. Wang (BMB, China)

17:00 – 17:30 International Exchanges of Nowcasting Techniques: Dr. P. W. Li (HKO, Hong Kong)

17:30 – 17:40 Closing Remarks : Director of Forecast Department / JMA(?) 

----------

List of invited speakers

Dr. T. Keenan (BMRC, Australia), Dr. L. Berry (BMRC, Australia)

Dr. J. Wilson (NCAR, USA), Dr. A. Crook (NCAR, USA)

Dr. S. Senesi (Met.France, France), Dr. P. Joe (MSC, Canada)

Dr. P. W. Li (HKO, Hong Kong), Mr. Wang (BMB, China)

Prof. K. Seno (Univ. Tokyo, Japan), Mr. Nakaya (MLIT, Japan)
ANNEX III: Provisional Program for the Regional EPS Workshop

- extracted from the rapporteur’s proposal submitted early 2004 to WMO for consideration
4.1 Multi-model or poor persons ensemble

Considering the development of a deterministic NWP system is an urgent task for many members in this region, the multi-model ensemble approach would be most appropriate to match their interest on EPS issues.  The comparison of different models in the controlled environment would encourage the users to get knowledge on the diversity of numerical solutions, their characteristics, and the weighting or synthesizing the information to measure the uncertainty inherent in the current forecast.  The detailed case study would demonstrate how to apply the NWP output on the forecast problem a hand.

4.2 Interpretation of available EPS products

Only a very limited number of centers produce EPS products, and use them internally as an experiment in the region.  These products are not available widely through GTS.  Thus it is reasonable to focus on how to access, how to interpret, and how to apply the EPS products, available through Internet or GTS, on weather forecasting up to medium-range.  The method of interpretation may be partially extended later to the seasonal forecasting with the understanding that its background knowledge is somewhat different from the medium-range EPS.

4.3 Severe weather forecasting 

One of the high impact weather in the region is the tropical cyclone, and the Typhoon Committee is working to deal with the unique regional program.  The other severe weather in the region is the dust storms in the west Asia, and northeast Asia (which are often called as Asian dust).  The application of EPS on tracks and intensity of tropical cyclone has some progress in recent years, but its application on Asian dust yet need to be explored.

4.4 Asian Thorpex: an ensemble experiment with targeted observations

The Asian Thorpex is carrying intensive field observations the impact of which is measured with EPS methodology.  This is one of major regional experiments associated with EPS. 

5. Periods/ Venue

The regional workshop on effective tropical cyclone warning is proposed by Typhoon Research Coordination Group (TRCG), Typhoon Committee, and a feasibility study is going on to held one possibly in Shanghai, not determined yet, for a week in 2005. It would be better if the regional EPS workshop were held jointly with the proposed TC workshop, since the application of EPS has a particular focus on the tropical cyclone forecasting.  It would be very effective and economical if the regional EPS workshop would be held for about 7 –10 days just before the workshop on the effective tropical cyclone warning, depending on the budget available, unless other options or voluntary offers for the venue were acknowledged. 

6. Purpose

The workshop is aimed at providing for the attendances, mostly from non-EPS producing centers and partly from potential EPS producing centers, to build capability on teaching EPS and associated NWP system to staffs in their organizations.  The attendances may be motivated to design a post-processing system for the application of the available EPS products, and to identify further requirements through regional cooperation to achieve the goal.  At the end of workshop, participants should

- Have a basic understanding in EPS, their applications, capabilities and limitations;

- Know how to incorporate the EPS in the forecast process including tropical cyclones, and dust storms;

- Know where and how to access EPS products and data;

-The participants should be motivated in using EPS, and in developing own NWP system;
7. Other considerations

The regional workshop on EPS would stimulate discussions on how to access the EPS information available, how to verify from the user’s viewpoint, and how to develop own NWP system to contribute on the multi-model EPS as a member.  A demonstration session for the operation of limited area model in a personal computer would be desired.

8. Financial sources

It is recommended that WMO contribute on the organization of the workshop, invitation of resource persons, and a few participants. (In case of two regional workshops be held together, some common expenses be saved from the support of both TC and WMO)

9. Organization for the workshop

- It is recommended that the organization committee be established to set up an implementation plan for the regional workshop.  The chairman of the organization committee should consult closely with the ICT/ RAII, ET/ EPS, and NWP centers in the Region.  The ET/EPS would give some guidance for the implementation of the regional workshop on EPS, including educational tools such as CAL.

10. Workshop content:

The rapporteur adopted the same approach and ideas as developed by ET/ EPS (2003, Geneva) for the proposed contents of regional workshop on EPS. Most of the contents are selectively duplicated from their originals.

10.1 Issues

- Participant profile: Senior meteorologists with NWP knowledge and prepared to

later train local forecasters or system developers; must be fluent in English;
- Some senior meteorological service administrators and/ or telecommunication experts may provide valuable comments and advice on the special issues such as a regional database for the EPS and/or severe weather forecasting, and running a numerical/ statistical model in personal computers

- Access to data/products is necessary during the workshop; one desk/laptop

equipped with the WMO CAL per at most four participants;
10.2 Workshop content

The following contents are by and large selected from the extended proposal on the EPS workshop prepared by the ET/ EPS in 2003, considering the regional interest. 

Module 1 – Basic concepts and principles (15%)

- NWP basics

- Error sources – Initial Conditions and model error propagation – Linear/non-linear

- “Poor Person” / multi-model ensembles

- Initial conditions and model perturbations; relationship to data assimilation

- Global and regional models

Module 2 – Basic products (25%)

- Stamp maps

- Spaghetti charts

- Ensemble mean and spread

- Probability charts

- PDFs/CDFs, stacked probabilities;

- Storm track and strike probability charts;

- Clusters/tubes

- EPSgrams and plumes

Module 3 – Sources of ensemble data (10%)

(Charts)

- GTS/Internet/ftp/satellite

- GRIB and BUFR

(Technical requirements)
- running EPS

- post-processing EPS

- expertise and support

Module 4 – Applications (50%)

- Tropical Cyclone example (tracks, intensity, alternative scenarios)

- Dust storms (trajectory, concentrations)

- Communication of uncertainty to users
- EPS potentials in development of public weather service products

- Design for sensitivity experiments: Asian Thorpex

Special Forum (extra hours may be in the evening)

- Plan for setting up a regional database for the EPS and/or severe weather forecasting

- How to apply CAL for capacity building 

Poster session (extra hours may be in the evening)

- How to run a numerical/ statistical model in personal computers 

Annex IV. Basic variables 
(duplicated from the Internet site: http://maps.fsl.noaa.gov/vartxt.cgi/vertvel#vertvel)

A. relative humidity 

B. sfc temperature, 

C. dewpoint, 

D. sea-level pressure, 

E. precipitation, 

F. snow accumulation, 

G. snow depth, 

H. categorical precipitation types, 

I. freezing levels, 

J. 3-h pressure change, 

K. CAPE/CIN, 

L. lifted index, 

M. helicity, 

N. precipitable water, 

O. soil moisture, 

P. tropopause pressure, 

Q. vertical velocity (detailed discussion) 
R. PBL height 
S. gust wind speed 

T. cloud base height 

U. cloud top height 

V. visibility 

W. pressure of maximum equivalent potential temperature in column 

X. convective cloud top height 

Y. equilibrium level height
ANNEX V. Additional, diagnostic variables
(duplicated from Internet sites: http://www.atmos.washington.edu/~stoeling/wg6_pp_tools.html or http://www.mmm.ucar.edu/wrf/users/tutorial/2004/graphics_WRF/Slide102.html )
1. Absolute momentum, m s-1. (3D)
2. Absolute vorticity (vertical component), 10-5 s-1. (3D)
3. Surface precipitation type probability, percent. (2D)
4. Bulk Richardson number shear as in Stensrud et al. (1997), m2s-2. (2D)
5. Dry Brunt-Vaisala frequency, s-1. (3D)
6. Convective available potential energy (CAPE) of parcels at all 3D grid points, J kg-1. (3D)
7. Clear-air turbulence index, s-2. (3D)
8. Convective inhibition (CI) of parcels at all 3D grid points, J kg-1. (3D)
9. Cloud ceiling, m. (2D)
10. Diagnosed condensational heating, K h-1. (3D)
11. Coriolis factor, s-1. (2D)
12. Cloud-top temperature, C. (2D)
13. Simulated radar reflectivity, dBZ. (3D)
14. Divergence (of horizontal wind), s-1. (3D)
15. Pressure difference between height levels, hPa. (2D)
16. Convective (or potential) instability, expressed as the partial derivative of e with respect to height, K km-1. (3D)
17. Equivalent potential temperature, K. (3D)
18. Maximum value of equivalent potential temperature below 3000 m AGL, K. (2D)
19. Surface extinction coefficient due to hydrometeors, km-1. (2D)
20. Flight regulation. (2D)
21. Frontogenesis, Miller form, K (100 km h)-1. (3D)
22. Frontogenesis, 2D frontal zone form, K (100 km h)-1. (3D)
23. Geopotential height, m. (3D)
24. Column-integrated cloud water, mm. (2D)
25. Column-integrated precipitation mass, mm. (2D)
26. Lifted condensation level (LCL), m (AGL). (2D)
27. Level of free convection (LFC), m (AGL). (2D)
28. Maximum convective available potential energy (MCAPE), J kg-1. (2D)
29. Convective inhibition (CI) for MCAPE parcel, J kg-1. (2D)
30. Moist potential vorticity (hydrostatic form), PVU. (3D)
31. Precipitable water, mm. (2D)
32. Potential vorticity (hydrostatic form), PVU. (3D)
33. Cloud ice mixing ratio, g kg-1. (3D)
34. Total cloud mixing ratio, g kg-1. (3D)
35. Cloud water mixing ratio, g kg-1. (3D)
36. Graupel mixing ratio (if available as a separate RIP data file), g kg-1. (3D)
37. Total precipitation hydrometeor mixing ratio, g kg-1. (3D)
38. Rain water mixing ratio, g kg-1. (3D)
39. Snow mixing ratio, g kg-1. (3D)
40. Water vapor mixing ratio, g kg-1. (3D)
41. Divergence of the Q-vector, 10-12 s-3 mb-1. (3D)
42. x-component of the Q-vector, 10-6 m s-3 mb-1. (3D)
43. y-component of the Q-vector, 10-6 m s-3 mb-1. (3D)
44. Accumulated rainfall (or more generally, precipitation), mm. (2D) 
45. Relative humidity with respect to ice, percent. (3D) 
46. Relative humidity with respect to liquid water, percent. (3D)  

47. Near-surface Richardson number, as used in high-resolution PBL scheme, s-2. (2D)
48. Trajectory ribbons (??)

49. Richardson number, dimensionless number. (3D)
50. Saturation equivalent potential temperature, K. (3D)
51. Surface dewpoint based on surface fields from a pressure-level data set, units determined by U. (3D)
52. Various fields derived from inversion of the Sawyer-Eliassen equation, units are variable. (3D)
53. Frozen fraction of precipitation hydrometeor mixing ratios, dimensionless number between 0.0 and 1.0. (3D)
54. Snow cover. (2D)
55. Scorer parameter squared, m-2. (3D)
56. Storm-relative flow at 9 km AGL, m s-1. (2D)
57. Storm-relative environmental helicity, m2 s-2. (2D)
58. Storm-relative flow at high levels (~9 km), m2 s-2. (2D)
59. Storm-relative flow at low levels (~2 km), m2 s-2. (2D)
60. Static stability [-d/dp], K hPa-1. (3D)
61. Static stability [d/dz], K km-1. (3D)
62. Terrain height, m. (2D)
63. Height of "pseudo-terrain" surface for pressure-level data, m. (2D)
64. Thickness, decameters (or dam). (2D)
65. 0-6 km shear (x-component), m s-1. (2D)
66. Supercell motion vector following Bukers et al (1999) (x-component), m s-1. (2D)
67. Vertical acceleration, m s-2. (3D)
68. Vertical advection of potential temperature, K h-1. (3D)
69. Vorticity generation potential, m s-2. (2D)
70. Surface visibility due to hydrometeors, km. (2D)
71. Relative vorticity (vertical component), 10-5 s-1. (3D)
72. 0-6 km shear (y-component), m s-1. (2D)
73. Supercell motion vector following Bukers et al (1999) (y-component), m s-1. (2D)
74. Land use category. (2D)
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