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Summary and purpose of document

This document provides background information on the outcomes of the recent WGNE and JWGFVR meetings related to verification aspects.
Action Proposed  

The meeting is invited to note the information in this document and provide comments as appropriate.
Reference:
- Report of the 29th session of the Working Group on Numerical Experimentation (WGNE-29), Melbourne, Australia, 10-13 March 2014, available at http://www.wmo.int/pages/about/sec/rescrosscut/documents/WGNE_29_Report_Final.pdf 

· Excerpt of the draft notes of the meeting of the Joint (WWRP/WGNE) Working Group on Forecast Verification Research (Montreal, Canada, 22-23 August 2014)
Excerpt of the WGNE-29 meeting report related to verification aspects
7. REPORT OF THE JOINT WORKING GROUP ON FORECAST VERIFICATION RESEARCH 

Beth Ebert reported on recent development on forecast verification. The WWRP/WGNE Joint Working Group on Forecast Verification Research (JWGFVR) has continued to promote methods for verifying deterministic and ensemble NWP forecasts including from high resolution models. A second phase of the Spatial Verification Methods Intercomparison Project has commenced to test the utility of diagnostic spatial methods for verifying precipitation and wind forecasts in complex terrain. It will reuse several cases from the MAP D-PHASE experiment in central Europe. Deterministic and ensemble NWP forecasts will be verified against point observations as well as ensembles of gridded analyses representing observational uncertainty. 
A new publication, Verification methods for tropical cyclone forecasts (http://www.wmo.int/pages/prog/arep/wwrp/new/documents/WWRP_2013_7_TC_verification_15_Nov_en.pdf), describes the current state of the art in objective verification of TC track, intensity, strike probability, and associated hazards from heavy rainfall, strong winds, storm surge, and waves. The document pays special attention to verification of ensemble forecasts, seasonal forecasts, and TC genesis. At the other extreme, JWGFVR assisted in the verification of winter weather forecasts in the FROST-14 (Sochi Winter Olympics) FDP/RDP, which had participation from a large number of modelling centres. JWGFVR conducted the 6th International Verification Methods Workshop at NCMRWF and IMD in Delhi, India, in March 2014, as well as a one-day training workshop on ensemble verification at the European Meteorological Society meeting in Reading, UK, in September 2013.
13. WGNE SYSTEMATIC VERIFICATIONS AND COMPARISONS 

13.1 Tropical Cyclone Verification 

Chiashi Muroi made a report about TC verification for 2012. The aim of this verification is to detect the progresses of NWP models, encourage and make feedbacks to model developers. ECMWF performed quite well in all basins for 2012. NCEP made a large progress attributed to the implementation of hybrid EnKF/Var. All NWP centers predict the unusual westward recurvature of Hurricane Sandy around 5 days before landfall on the East coast of the US. Some regional models were included in the TC verification. In regards to track forecasts, regional model showed only small advantages, however, TC intensities were well-expressed in fine mesh regional models. 

13.2 Precipitation Verification 

François Bouyssel reminded members that recommendations on QPF verification have been provided by Laurie Wilson last November and that these methods are being tested in some NWP centers. He requested the centre representatives to make short presentations on their findings: 
Xueshun Shen presented QPF verification over China. ECMWF gives better forecast. Other centers have comparable performance and common deficiencies: rainfall rate become stronger and stronger with the forecast length increasing over Sichuan Basin (steep orography). 
Michael Baldauf provides an update of QPF verification over Germany for 1, 2 and 3 days forecasts for 2013 seasons. 
Chiashi Muroi reported QPF verification over Japan. All centers are gradually getting better. ECMWF performs better recently. EDI has been computed on 6h accumulated rainfall. For 0.5mm/6h threshold, ECMWF performs better in summer, Japan in winter. 

Michael Ek presented QPF verification over USA. Intercomparison of ETS has been shown. NAM, NAMX and GFS model forecast have been compared with FSS scores. 
Jean-Noël presented QPF verification done at ECMWF (by Thomas Haiden & colleagues) and presented some results of an in-depth study testing the scores recommended by Laurie. A report has been written and will be available on the WGNE Website. 
François Bouyssel reported QPF verification intercomparison over France. Arome, Arpege and IFS 6h accumulated rainfall have been compared using FSS.
18. VERIFICATION AGAINST OWN ANALYSIS 

Chiashi Muroi from JMA introduced the result of the survey regarding multi-analyses verification. In general, the differences between analyses are not negligible and the influences of analysis fields on verification results might be large when comparing scores of verification against own analysis and that against other centre’s analyses. This survey briefly indicates the sensitivity of verification scores on the choice of analysis for Z500, VW850, T850 and PSEA scores. In extra-tropics, the differences of Z500/ACC between multiple analyses are small and Z500/ACC is the most reliable score to measure forecast accuracy. The score of Z500/RMSE and VW850/RMS vector wind error as well as ACC are also reliable for over day 2 forecast ranges. On the other hand, score of PSEA and T850 are quite sensitive to the choice of analysis. Especially in tropics, these scores show strange behaviours in that RMSE of some centres decrease along to the forecast time if forecasts are verified against other centre’s analysis. 
WGNE29 furthered the discussion of WGNE28 on the topic of verification against analyses. Verification against analyses is conceptually attractive in that one gets a sense of the global or hemispheric error characteristics, not just the errors where the observations are concentrated. Verification against analyses can be problematic in that the analyses can be very different from one centre to another, as discussed in WGNE28. This is largely because a key assumption in data assimilation, that the background forecast (which observations adjust in the assimilation process) is unbiased. Different centres with different modeling systems can have differently biased background forecasts, and in the absence of new observations that background is reflected in the analysis. Another major source of differences are the different methods for estimating bias corrections for satellite radiances. 
At WGNE29, Chiashi Muroi (JMA) showed results produced by Takafumi Kanehama concerning verification of TIGGE forecasts against multiple analyses. With only rare exceptions, each of the centres' models verified best against their own analysis, especially for the short-lead forecasts. This characteristic was more prominent for 850 hPa temperature and sea-level pressure than for 500 hPa geoopotential height. Jean-Noël Thépaut of ECMWF presented the work of Munehiko Yamaguchi et al. on the topic of whether ensemble spread-error relationships are accurately diagnosed using analyses. The work first showed that 24-h forecasts of tropical 850 hPa temperatures scored substantially better against their own analysis than against ERA, the >10-year old ECMWF reanalysis.
They then described a procedure for leveraging the forward operator of the data assimilation system to convert model forecasts to synthetic observations, allowing comparisons of forecasts against observation types that have not been commonly used in the past for verification, such as satellite radiances. In examining spread-error relationships, one expects consistency between the magnitudes of squared error vs. the sum of ensemble variance and analysis/observation-error variance. They found, both for Northern Hemisphere 700 hPa temperature and for a channel of AMSU-A radiances peaking near 700 hPa, that when verifying against analyses, it appeared that 24-h forecasts were overdispersive. However, they appeared under-dispersive with respect to the observations. A naive verification against analysis data could thus lead to making incorrect decisions about the dispersion characteristics of the ensemble prediction system.

In the discussion, it was agreed that the centres would be wise to emphasize more and more the verification against observations. There still was interest in verifying against analyses, but the procedure of regularly verifying against other analyses, not just one's own, was judged rather burdensome. There was interest in having some consensus analysis for verification, possibly synthesizing information from the better of the global analyses, but the procedure for performing that synthesis is still a topic for further research. WGNE suggested that DAOS and or THORPEX/TIGGE-PDP groups might be more suitable WMO groups for coordinating future research activities on this topic.
21. VERIFICATION SCORES 

Jean-Noël Thépaut presented scores inter comparisons between all major NWP centres, with a particular focus on the Polar Regions. Overall, ECMWF has the lead for most parameters and most areas, but models are getting closer together, in particular when verified against observations. The impact of the recent changes to the NCEP assimilation system was confirmed. One interesting feature is that although polar analyses are getting closer across the centres in terms of RMS, significant mean state differences persist. There is also a large discrepancy among the different models in terms of activity, the MetOffice being the most under active and CMC being the most overactive. It was noted by Andy Brown that this feature of the MetOffice model will disappear with the implementation of the new dynamical core. 
Jean-Noël Thépaut asked for further feedback and suggestions to improve the website that ECMWF hosts as WMO lead Centre for Model Verifications.
22. DECISIONS AND ACTIONS 

22.1 Summary of recommendations 

RECOMMENDATION 4: More centres to provide verification information for the Polar Regions. 

23.2 Summary of action items 

ACTION ITEM 4: Michael Ek to coordinate WGNE polar prediction and predictability activities on behalf of WGNE: 

c. Modelling centres to conduct systematic comparisons of analyses over Polar Regions (Jean-Noël Thépaut); 

d. WGNE to provide advice on observation strategies for model development / verification during YOPP including the relative value of single point versus grid box approaches (Francois Bouyssel and Mike Ek). 

ACTION ITEM 5: Andy Brown to circulate the spatial verification document to WGNE members.

ACTION ITEM 15: Operational modelling centres to move quicker to adopt new verification techniques for precipitation and to extend to regional models. 

ACTION ITEM 19: Jean-Noël Thépaut, Tom Hamill and PDP co-chairs to discuss and propose ways forward for verification against analyses. 

Excerpt of the draft notes of the meeting of the Joint (WWRP/WGNE) Working Group on Forecast Verification Research (Montreal, Canada, 22-23 August 2014)
· WWRP and Post-THORPEX legacy (Pertti and Caio)

· Polar Prediction (Pertti)

· Evaluate benefits of enhanced prediction information in polar regions

· Establish vx methods for polar regions

· Optimizing observing systems

· YOPP: 2017-??

· More emphasis on active and practical verification

· “Flagship” activity

· Pertti would like to see PPP vx activities focus on different kinds of activities (modelers and users); right now may be leaning too much toward science and not enough to user needs

· Transport, energy, environment

· Major observation problems

· Need to consider what observations should be stored (e.g., as in S2S) for ocean, other coupled systems (e.g., land)

· Barbara Casati: Another concerns is permafrost; consider process verification to evaluate this

· Data void problem is highlighted but not solved in the PPP white paper

· S2S (Caio)

· 5 main areas

· Sources of predictability

· MJO, Soil Moisture, ice, stratosphere, extra-tropical and tropical connections

· Extreme events

· Configuration of systems

· How to initialize models

· Resolution, systematic biases

· Verification

· Critical component of project

· Seamless verification needed

· Science questions

· Most important attributes

· Many challenges – 11 systems

· Configuring ensembles

· Extremes

· Integration of users

· Consider multi-model ensemble and evaluation of the ensemble

· Consider PPP and S2S side-by-side in our evaluations

· DA (Barb and Marion)

· Predictability and Dynamical/Physical/Chemical Processes (Jing and Yuejian)

· Chemistry, impact and feedback processes, challenges, etc.

· Coupled met-chem modeling

· Challenges include evaluation of data and methods

· Data availability – O3 NOX AOD etc.

· Need to consider meteorology and chemistry evaluation
s together

· Need International testbed for evaluation of urban models and AQ predictions

· Need reliable measurements on a routine basis including aerosols, chemistry, etc.

· Satellite and remotes sensing data are very important

· Needs are connected to GAW

· WGNE now starting to look at impacts of aerosols

· This could be something we should take on in the future

· Also connected to HIW

· GURME also has interest; GURME will be more connected to WWRP in future

· Radiation also important, e.g., for PPP

· Martin: Capabilities to look at things in a multi-variate (or conditional) way would be valuable

· Mid-latitude weather systems and their higher and lower latitude interactions (Yuejian)

· Interactions between tropical and mid-latitude

· 7 topics

· Tropical interactions

· Heavy precip events: Flash floods

· Mesoscale structures – sting jets

· Polar processes and interactions

· Extra-tropical cyclone

· Large scale; mechanics

· Synoptic climatology

· Debate over definition of predictability and how to measure it

· Conditional verification (e.g., MJO, Blocking, etc.)

· Evaluation of predictions conditioned on the regime

· Also evaluate the regime identification

· Contributes to model understanding and to user confidence in the forecasts 

· Diagnostics: Field campaigns play a role in evaluating processes; also results in special obs datasets

· Verification group may want to consider making greater use of special datasets (e.g., from field campaigns)

· NWP (Laurie and Barbara)

· Medium range

· Included section on verification

· Goal: to predict high-impact events out to 2 weeks ahead accurately and reliably

· Examples of verification are all for 500 mb height

· Main model developments for future are to increase resolution, couple models

· Verification aspects

· Argue there is 1 day improvement in forecasts every 10 years

· Evaluation against own analyses is not good

· Numerical methods – by Jean Cote

· Technical requirements for the future

· Includes ideas about use of GPUs

· Environmental predictions

· Focus on data problem, need for high-res obs in urban areas, to run models etc.

· Verification in the urban regions is limited by obs availability

· Including chemistry

· Weather related hazards (Beth and Martin)

· Forecaster role changing

· What is forecasters’ added value?

· Specific nowcasts

· Work with client to determine needed metrics

· Decisions made on various time scales; may not be seamless

· User-oriented metrics;  need to consider how to make them seamless

· Impact depends on vulnerability, exposure, costs and losses.  How to verify impacts?

· Partner with social scientists, users, agencies, etc.

· Lack of direct observations of relevant weather or hazard impact

· Investigate quality and suitability of proxy data

· Probabilistic nature of forecasts for hazard impacts; lack of understanding by users

· Develop clear methods of communicating forecast quality (use example of how this is done in medicine?)

· Case studies may not be available to everyone

· Look at examples – can they be classified, generalized, summarized?

· Observations

· Impact data are not always in the form that we need or expect

· Verification of impact forecasts

· Data are not always available in real time

· Ex: Renewable energy tends to not want to share in real time, but are becoming more willing to do this as they realize the value of this

· Decision forecasts often have different lead times…  Makes evaluation difficult

· Useful to track the propagation of errors through the forecast to impact processes

Action: Members should provide comments to conveners regarding the white papers including the verification white paper

Action: Everyone send notes on white papers to Beth and Barb to include in meeting notes

JWGGVR Documents

· Tropical Cyclone Verification document

· May be published in Tropical Cyclone Research and Review
· Barb and Beth will work on this

· IWTC meeting – includes session on verification

· We are preparing a paper that will use a lot of the TC document

· Barb or Hui Yu will present the paper

· Intention was not to produce a specific document regarding what member countries are expected to do, which was a mis-understanding by some people

· Issues about best track…  Each region has its own guidance on this

· Methods are also available to convert intensity values based among different definitions 

· Action: work on journal article

· Action: Nanette will ask for comments on the document

· Action: Nanette will distribute copies at IWTC

· WGNE precipitation verification

· Was not discussed at WGNE

· Action: Laurie will follow up with WGNE co-chairs

· SWFDP verification document 

· Focused on severe weather

· Produced by Laurie and published by WMO

· Action: Laurie will share with our group

· Seasonal prediction of TCs

· Action: Barb and Caio will put together some results and will create a short report before the IWTC

· We have a goal of turning some of the other documents into journal articles

· Action: Barbara will work on original precipitation document

· Action: Marion will consider turning the cloud document into a journal article 

6th International Workshop on Forecast Verification Methods

· A special issue for Masaum journal based on presentations at the workshop is being put together

· Aiming for publication in January

· Beth is special editor

· Nanette working on CD of proceedings from the workshop

· Workshop summary

· About 100 people were there

· Challenging to do this in a place that was not home for any of us

· IMD and NCMRWF hosted

Verification tutorials

· Next full tutorial and workshop will be in 2017

· Indonesia roving tutorial in 2015

· Indonesia offered to host this

· Not budgeted yet; would not cost too much

· 3 lecturers

· Most people from region

· We can suggest the time; Indonesia is flexible on timing

· Pertti is likely going to do a training in the Andes sometime in the next year

· Deon: Would be good to record these and distribute

· Can press some more DVDs from Melbourne

· Action: Marion and Pertti will put together a plan for what would be required to do a roving tutorial (in Indonesia) so costs can be estimated

2017 tutorial and workshop

· Possible hosts

· DWD (Martin)

· Met Office (Marion)

· Caio could investigate possibility in South America but consensus is against this – likely to get more involvement if held in Europe

· Need to decide quickly; Germany is the lead option

· April or September would be best choices of time for this

· Action: Martin will investigate facilities, needs

· Action: Beth and Pertti will send information to Martin regarding costs

Joint activities with other working groups

· CBS Verification group

· Meeting in early Oct that Marion will attend; then stepping down.  

· Phill Gill will replace Marion

