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The first HEPEX workshop on Post-Processing and Downscaling Atmospheric Forecasts for Hydrologic Applications was held in Toulouse, France, from 15th‑18th June 2009.  It was hosted by Meteo-France and SCHAPI and co-sponsored by CEMAGREF, COSMOLEPS, COST731, ECMWF, EDF, EU/JRC, GEO, IAHS, MSC, NCAR, NOAA, WCRP/GEWEX/HAP, and  WWRP/THORPEX.  Members of the science organizing committee are listed in Appendix A.  More than 100 participants from 21 different countries and several International and European organizations were present.  The workshop was held jointly with the second COST731 (Propagation of uncertainty in advanced meteo-hydrological forecast systems) workshop (http://cost731.bafg.de).  The workshop included:   researchers from the fields of hydrology and meteorology, operational hydrological and meteorological forecasters; and, end users from reservoir operations and electric power utilities.  A list of participants is provided in Appendix B.

[image: image5.jpg]METEO FRANCE

Toujours un temps d’avance




This workshop was proposed at the 3rd HEPEX Workshop held in Stresa, Italy, June 27-29, 2007, to focus on scientific questions concerning how atmospheric  prediction systems can be used for hydrologic streamflow applications and probabilistic quantitative precipitation forecasting.  Special attention was given to how to produce skillful and reliable ensemble forcing for hydrologic applications using both single-value and ensemble atmospheric forecasts.  Topics for the workshop were expected to include:  (1) diagnosis of problems with atmospheric weather and climate ensemble forecast systems (for example, bias and spread deficiencies) and how they affect hydrologic predictions; (2) comparisons with precipitation estimation techniques not based on ensemble forecasting (e.g.: based on deterministic predictions or statistical interpretation; (3) methods for statistically correcting the ensemble forecasts to provide reliable input to hydrologic models; (4) novel techniques for using ensemble input in hydrologic models; (5) methods of verifying ensemble forecasts and evaluating their effect on hydrologic prediction systems, (6) requirements for new databases and collaborative activities that will support the hydrologic prediction system development.  The workshop was interdisciplinary, fostering communication between meteorologists, hydrologists and end users to advance the HEPEX goal of helping the science community develop hydrologic ensemble prediction systems that can be used with confidence by emergency and water resource managers.

The first part of the workshop was dedicated to oral and poster presentations on specific topics of interest to workshop to serve as a basis for subsequent work group discussions.  Three work groups were formed to discuss science issues and identify possible future collaborative activities in the following three areas of ensemble prediction:  (1) short range (0-2 days), (2) medium range (3 days – 2 weeks), and (3) sub-seasonal and seasonal (beyond 2 weeks).  The workshop program is in Appendix C.  The reports from each of the three work groups are provided in separate Appendices D, E and F.  These reports summarize the discussions held by each group and the formats of the reports reflect differences in the group discussions.   The final session of the workshop discussed the group reports and identified some action items.  Notes from this discussion were compiled by Jutta Thielen and are in Appendix G.  

It is expected that possible future activities suggested by the work groups might lead to strong collaborations with other international organizations with overlapping interests and to future intercomparison studies where different approaches might be compared using common data sets.  Strong collaboration between HEPEX and GEWEX already exists through the GEWEX Hydrologic Applications Project (HAP) that is lead by Eric Wood.  Results of this workshop and the status of HEPEX collaboration with GEWEX/HAP will be reviewed at the 6th International Scientific Conference on the Global Energy and Water Cycle, 24-28 August 2009, Melbourne, Australia   There is strong interest between participants in HEPEX and WWRP/THORPEX to develop a plan for collaboration.  Accordingly, the workshop was invited to consider a proposal for future collaboration between HEPEX and WWRP/THORPEX.  This proposal is in Appendix H.  It will be discussed at the 3rd meeting of the WWRP Joint Science Committee (JSC) to be held 9-11, September, 2009, and at the 3rd THORPEX International Science Symposium,Monterey, CA, USA, 14-18 September 2009.  Strong informal collaboration has developed between the EU COST731 project and HEPEX.  This HEPEX workshop was held jointly with the 2nd COST731 workshop.  It is expected that future activities suggested by the work groups will develop as  joint COST731/HEPEX activities.
To implement the proposed future activities suggested in Appendices D, E and F project teams will be formed and the work group leaders have agreed to serve as team leaders.  Team membership will be open to anyone who may wish to participate.  Activities of the Short and Medium Range Project Teams are expected to be undertaken in collaboration with THORPEX.  Activities of the Medium and Long Range Project Teams are expected to be undertaken in collaboration with GEWEX/HAP.  The HEPEX Testbed Project on PreProcessing Atmospheric Forecasts will help:  (i) to facilitate the development of these teams and future activities and (ii) develop future collaboration with the COST731 project.

Oral and Poster presentations from the workshop are available on-line at http://hydis8.eng.uci.edu/hepex/downscalingwksp/downscalingwksp.html.  It was proposed that some of the presentations as well as the workshop report be published in a new on-line Research Letters publication of the Royal Meteorological Society.  This is being pursued.
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Appendix C

Workshop program

	
 Monday 15 June 2009 - Afternoon


	1 – Introduction (chair : Jean Pailleux)
	

	start
	end
	
	
	

	13:00
	13:20
	
	Welcome address by Météo-France and SCHAPI
	

	13:20
	13:45
	
	Objectives of the Workshop
	

	
	
	
	
	

	2 - Operational Systems - Meteorological Ensembles (Global)  (chair : Jean Pailleux)
	

	start
	end
	
	
	

	13:45
	14:00
	
	ECWMF: Supporting hydrological forecasting

Pappenberger, F. Buizza, R., Hagedorn, R., ECMWF
	20

	14:00
	14:15
	
	Calibration of Hydro-meteorological Ensemble Forecast at NCEP

Toth Z. and Hou D., EMC/NCEP/NOAA/, USA
	53

	14:15
	14:30
	
	· Ensemble forecasting at Météo-France. Potential for the precipitation forecasts

Descamps L., Labadie C., Joly A., Joly B., Arbogast P., Météo-France
	· 63

	14:30
	14:45
	
	WMO research weather prediction activities relevant for ensemble hydrology forecasts

Nickovic S., WMO
	57

	
	
	
	
	

	14:45
	15:30
	
	Coffee and posters
	

	
	
	
	
	

	3 - Operational Systems - Hydrological Applications (Chair : Jean Pailleux)
	

	start 
	end
	
	
	

	15:30
	15:45
	
	The European Flood Alert System – a review 

Thielen J., Salamon P., de Roo A., JRC
	65

	15:45
	16:00
	
	Status of hydrologic ensemble prediction at U.S. National Weather service

Restrepo P., Schaake J., NWS
	48

	16:00
	16:15
	
	Use of probailistic forecast at EDF : a multiscale and multi-scale problem

Gaillard J., Dubus L. et al., EDF
	67

	16:15
	16:30
	
	Ensemble weather forecasting at BC hydro

Mc Collor D., BC HYDRO
	1

	4 - Operational Systems - Users&Decision makers (chair : Jean Pailleux)
	

	start
	end
	
	
	

	16:30
	16:45
	
	Cost-benefit analysis for operational water management with ensemble

 predictions

van Andel S., Lobbrecht A., Price R., UNESCO-IHE/HydroLogic
	36

	16:45
	17:00
	
	Communicating uncertainty information with warnings of natural hazards : COST731

Bruen M., University College Dublin, Ireland
	59

	17:00
	18:00
	
	Plenary Discussion
	

	Cocktail
	


	
	
	
	
	

	Tuesday 16 June 2009 - Morning



	
	
	
	
	

	5 - From precipitation measurements to flash flood and short range (chair : Maria-Héléna Ramos)
	

	start
	end
	
	
	

	09:00
	09:15
	
	The COST731 action "Propagation of uncertainty in Advanced Meteo-hydrological models"

Rossa A., ARPA Veneto
	52

	09:15
	09:30
	
	COST731 radar report

Pfeifer, M., Alberoni P.-P., HYDS / A.R.P.A. Bologna
	50

	09:30
	09:45
	
	Radar Data Quality Index - A Tower of Babel?

EinfaltT., Szturc J.
	21

	09:45
	10:00
	
	Multi-sources QPE re-analyses and their introduction in hydrological models: elaboration of an informative database for hydrologic and climatologic studies and a powerful tool for hydrological ensemble predictions.

Moulin, L., Tabary, P. , Andréassian, V., Gueguen, C., Laurantin, O., Loumagne, C. , Parent du Châtelet,  J., Soubeyroux, J.-M, CEMAGREF / Météo-France
	64

	10:00
	10:15
	
	Hydrometeorological Forecasts for Fast Reacting Catchments: Comparison of Quantitative Precipitation Forecasts and Impact assessment on Streamflow Forecasts.

Moulin L., Marty R., Obled Ch., Brunelle J., Goutx D., Faucard Y., Reinbold D. CEMAGREF / Météo-France / LTHE / SPC Loire Cher Indre
	39

	10:15
	10:30
	
	An ensemble forecast approach for evaluating the convective-scale predictability of Mediterranean heavy precipitation

Nuissier O., Vié B., Ducrocq V., CNRM-GAME (Météo-France/CNRS)
	15

	
	
	
	
	

	10:30
	11:15
	
	Coffee and posters
	

	
	
	
	
	

	11:15
	11:30
	
	Ensembles forecasts for fast reacting watersheds

Schuman A., Institute for Hydrology, Ruhr- University Bochum, 
	16

	11:30
	11:45
	
	Diurnal variation of summer precipitation in China

Rucong Y, Jian L.
	28

	
	
	
	
	

	6 - Short to Medium Range (chair : Maria-Héléna Ramos)
	

	
	
	
	
	

	11:45
	12:00
	
	Dynamical and Statistical Downscaling of Meteorological Forecasts 

Arritt R., Iowa state university
	66

	12:00
	12:15
	
	An overview of the use of reforecasts for precipitation forecast calibration

Tom Hamill, NOAA/ESRL, USA
	4

	12:15
	12:30
	
	Statistical calibration of precipitation ensembles: an empirical comparison of a few methods

Bremnes J. B., Norwegian Meteorological Inst.
	18

	12:30
	12:45
	
	MOGREPS Short-range Ensemble Forecasts of Precipitation

Mylne K. et al, Met Office
	22

	
	
	
	
	

	12:45
	14:15
	
	Lunch


	


	Tuesday 16 June 2009 - Afternoon



	
	
	
	
	

	6 - Short to Medium Range - continued (chair : Raymond Arritt)
	

	
	
	
	
	

	14:15
	14:30
	
	Testing calibration techniques based on reforecasts for limited-area

ensemble precipitation forecasts

Diomede T., Marsigli C., Montani A., Paccagnella T., ARPA-SIMC / CIMA Res. Found.
	26

	14:30
	14:45
	
	Multimodel Ensemble for Short Range Prediction (SREPS)

Garcia-Moya, J. A.; Callado, A.; Escriba, P.; Santos, C.; Santos-Muoz, D.; Simarro, J., AEMET
	56

	14:45
	15:00
	
	ALADIN Limited Area Ensemble Forecasting 

Wang Y., Pailleux J., ZAMG/Météo-France
	17

	15:00
	15:15
	
	On the importance of meteorological downscaling for short, medium and long range hydrological ensemble prediction over France

Thirel G., Regimbeau F., Tanguy G., Martin E., Franchisteguy L., Céron J.-P., Noilhan J., Habets F., CNRM-GAME, Météo-France, CNRS / UMR SISYPHE
	10

	
	
	
	
	

	15:15
	16:00
	
	Coffee and poster
	

	
	
	
	
	

	16:00
	16:15
	
	The comparison of the different inputs and outputs of hydrologic prediction system as: the full sets of Ensemble Prediction System (EPS), the reforecast and the calibration of this system by the verification tools of ensemble forecasts.

Trinh B. N., Bogner K., Joint Research Centre.
	8

	
	
	
	
	

	7 - Long Range  (chair : Raymond Arritt)
	

	
	
	
	
	

	16:15
	16:30
	
	Downscaling of seasonal forecasts for hydro-power 

Qu Z., Dubus L., Berthelot M., Gailhard J., EDF R&D, France
	14

	16:30
	16:45
	
	A statistical methodology based on weather-typing that could potentially mitigate numerical model systematic biases for seasonal forecasts

Pagé C., Terray L., Boé J., Cerfacs / UCLA
	23

	16:45
	17:00
	
	Downscaling large scale precipitation and temperature fields for hydrological seasonal forecasting and data assimilation

Wood E., Luo L., Pan M., Princeton University
	54

	
	
	
	
	

	8 - Hydrologic Ensembles (chair : Raymond Arritt)
	

	
	
	
	
	

	17:00
	17:15
	
	Evaluation and bias correction of daily QPF's : Impact on hydrological ensemble forecasts

Marty R., Zin I., Obled Ch., LTHE _ INPG
	7

	17:15
	17:30
	
	Hydrological Ensemble Forecast for the River Danube focused on the applied downscaling method

Csik A.,Balint G., VITUKI, Hungary
	27


	Wednesday 17 June 2009 - Morning



	
	
	
	
	

	8 - Hydrologic Ensembles – continued (chair : Eric Martin)
	

	start 
	end
	
	
	

	09:00
	09:15
	
	Reducing Meteorological and Hydrological Uncertainties in ESP :  A Korean Case Study.

Kim Y.-O., Kang T.-H., Yeo D., Kim K.-J., Hong I.-P, Seoul National University / Korea Institute of Construction Technology 
	30

	09:15
	09:30
	
	Performance and reliability of multimodel hydrological ensemble simulations: A case study based on 17 global models and 1061 French catchments

Velazquez J. A., Perrin C., Anctil C., Université Laval / Cémagref
	38

	09:30
	09:45
	
	Uncertainty assessment via Bayesian revision of ensemble streamflow predictions in the operational river Rhine forecasting system

Reggiani, Renner, Weerts, van Gelder / Deltares TU-Delft
	55

	9 - Ensemble Verification (chair : Eric Martin)
	

	09:45
	10:00
	
	HEPEX Verification Test Bed 

Demargne J., Franz K., Fortin V., Pappenberger F., Perreault L., NOAA / UCAR / Iowa State University / Environnement Canada / ECMWF, Hydro Québec
	40

	10:00
	10:15
	
	A “Peak-Flow Box” for Supporting Interpretation and Verification of operational Ensemble Flood Forecasts 

Zappa M., Jaun S., WSL
	6

	
	
	
	
	

	10:15
	11:00
	
	Coffee and poster
	

	
	
	
	
	

	10 - Theoretical Perspectives  (chair : Eric Martin)
	

	
	

	11:00
	11:15
	
	Predictive Uncertainty in Flood Forecasting

Todini E.,  University of Bologna
	2

	11:15
	11:30
	
	Quantification and propagation of three sources of uncertainties in operational flood forecasting chains in mountainous areas

Zappa M., Jaun S., Germann U., Walser A., WSL / IACETH, MeteoSwiss
	5

	11:30
	11:45
	
	A nonparametric post-processor for removing biases from ensemble forecasts of hydrometeorological and hydrologic variables.

Brown J. D. and Seo D.-J., NOAA/NWS/UCAR 
	44

	11:45
	12:00
	
	Assessment of the total predictive uncertainty of a real-time hydro-meteorological flood forecasting system using bivariate meta-gaussian density
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Appendix D

Work Group Report

Short Range (0 – 2 days) 

Group Leaders:  Jean Pailleux and Doug McCollor

Participants: Doug McCollor, Jean Pailleux, Olivier Nuissier, Béatrice Vincendon, Jonathan Flowerdew, Zoltan Toth, José-Antonio Garcia-Moya, Kim Young-Oh, Donghwa Yeo.

Report:

· Various techniques are used for downscaling precipitation forecasts from short-range NWP (Numerical Weather Prediction) model outputs (which are representative of the model mesh size and which can be either deterministic or coming from an ensemble). Some techniques are statistical, some are dynamical, i.e. using a somewhat higher resolution model on some aspects. The optimum algorithm is probably a combination of both techniques. Some studies are needed for intercomparing various statistical and dynamical techniques and for working out an optimal algorithm. As the downscaling is performed on the results of an ensemble of NWP forecasts (probabilistic approach), it is important to find out a good trade off between the NWP model resolution and the number of members in the ensemble. This is one particular example of choices which have to be made on several parameters for the general configuration of a NWP ensemble suite in an operational context. Other parameters which have to be chosen are (e.g.) the parameters defining the computation of the perturbations. One needs to consider both the initial condition uncertainty and the model uncertainty.

· Another crucial aspect which has to be studied for downscaling precipitation from a LAM (Limited Area Ensemble) is the relative importance of local small scales versus larger scales for the uncertainty on the precipitation product. One typical example (which has already been studied by several groups) is the importance of  the boundary conditions in a LAM compared to the importance of scales which are assimilated in the LAM. This relative importance in dependent on both the weather situation and the geographical area considered (orography, etc…).

· The importance of  the assimilation of high resolution observing systems (such as radars) vary with respect to the forecast range which is considered. At very short range, heavy sophisticated assimilation algorithms are almost impossible to use because of time constraints. Beyond day 2 or 3, the boundary conditions are taking over assimilation of high resolution observing systems. Between the two, there is a time window for the forecast range where the uncertainty is very dependent on the assimilation.

· Standard verification methods normally used in NWP are not sufficient, as verification techniques and scores have to be worked out, which are adequate for hydrology. It is not sufficient to verify precipitation at a set of independent observing points, as the space structure of precipitating events has to be considered (e.g. through covariance structure functions).

· Ensemble forecasts are often verified through two scores which are the reliability and the “resolution” (“resolution” used with its ensemble meaning, which is different from the model mesh size). The optimal tuning between resolution and reliability  is necessarily a compromise which is dependent on the application. For catching extreme events at short range, resolution might be more important than reliability.

· Studying statistical downscaling methods should lead to a better understanding of the different sources of errors. Schematically the sources of errors can be classified in the following way: (1) Systematic drifts in the atmospheric models (e.g.: spin-up problem as encountered in data assimilation); (2) Model truncations (both space resolution and lack of some physical processes which cannot be resolved or parameterized); (3) Forecast errors due to initial errors.  The statistical methods should be able to filter out error types (1) and (2), but probably not (3) which is too dependent on weather situation and observation availability. The size of the ensemble is important to consider for (1), not for (2) as all the members will suffer from the same model truncations. In the implementation of a statistical method an a priori estimate of the climatology is always useful as a reference. In general statistical methods are limited, they cannot replace the modelling of a process whose physics is understood and can be put into equations. This is why the use of statistical methods should be limited, or made “weather-regime dependent”, or combined with physical or dynamical downscaling techniques.

· For stimulating or triggering cooperation on the above-mentioned topics, several groups or programmes exist in the World Meteorological Organisation (WMO), both under CAS (Commission for Atmospheric Sciences; research commission) and under CBS (Commission for Basic Systems; commissions for operations in meteorology). The same is true at the European level with organizations like EUMETNET, or with the EU research projects. Several temporary projects which include field experiments have taken place recently in Europe or will take place soon: COPS (Convective Orographically-forced Precipitation Systems); MAP D-Phase; etc… For the coming years, the best potential vectors for these studies should be the Mediterranean projects, especially HYMEX (Hydrological Mediterranean Experiment).

· HEPEX test-beds have already been considered in previous HEPEX meetings (see HEPEX web site). Other test-beds could be developed, classified by geographical area, or by topics, and could be used for intercomparison studies by the different groups or organizations. When setting up intercomparison studies, specific applications must be considered, some with small cost/loss ratios, some with medium cost/loss ratios. It seems important to increase the contacts between hydrology and meteorology, first at the national level, at least in countries where hydrological services are not combined with meteorological services.

· One particular application which was documented in the Toulouse HEPEX workshop is the electricity power production which is dependent on several meteorological parameters, one being the precipitation at different scales. In addition the application is relevant (with different tools) in the short-range, the medium-range and the long-range. One possibility could be to design projects around this application in connection with regional hydrometeorological projects such as HYMEX in the Mediterranean basin, and in connection with specific observing networks (Mediterranean observatory in France). 

Appendix E

Work Group Report

Medium Range (3 days to 2 weeks) 

Group Leaders:  Tom Hamill and Florian Pappenberger

Participants: Jutta Thielen, Julie Demargne, John Schaake

Overarching recommendations:

(1)  The hydrologic community strongly recommends that operational weather-climate predictions should be supplemented with the regular computation of reforecast data sets using the same model and assimilation systems.  These data sets are useful both for training of statistical post-processing algorithms, and they allow the testing of hydrologic systems over a wider number of cases in the past.  Accompanying time series of observations and/or reanalyses are also required.

(2)  The meteorological and hydrological community should rigorously compare statistical downscaling (i.e., numerical forecasts post-processed using reforecasts) against dynamical downscaling (high-resolution modeling systems) and multi-model ensemble approaches.  The relative merits of the various approaches are still not yet well understood.

General issues and recommendations

Reforecasts and supporting data sets
(1) The group agreed on the need for reforecasts, both because they provide a large training sample for statistical post-processing, and for validating over a large number of cases, thereby spanning many rare events.

(2) Further research is needed to define the best way to configure the reforecasts; should they be done regularly, and/or should they be done for special meteorological events? How often (daily/weekly)? How many members?  If we dates of reforecasts are non-uniform and specially include extreme events, what affect may this biased training sample have on the the post-processing statistics?  If reforecasts are computed irregularly for special events, what procedure should be followed to decide upon the events?

(3) The possible effects of climate-change signals on the accuracy of post-processed products produced with long reforecast training data sets should be explored further.

(4)  Observations/analysis data must be synthesized for the same time span as the reforecasts, and consistent with the ones used for hydrological validation.  High-resolution precipitation analyses are of particular importance.

(5) What are the advantages and disadvantages of reforecast-based calibration (statistical downscaling) relative to dynamical downscaling?

Requests and issues of the hydrologic with regards to the meteorological community /statistical post-processing

(1) To the extent possible,  ensemble weather-climate forecasts should be designed to be consistent in time, i.e., they do not bounce around from one day to the next.

(2) Ideally,  calibrated EPS forecasts ought to respect the relationship between variables such as temperature and precipitation.  How can do we validate this property?

(3) How do we formulate stat post-processing techniques that are both useful to hydrologists and still the most skillful possible? 

(4) Can we design meteorological statistical post-processors to deal with all sorts of statistical issues, e.g., bias, spread, downscaling, mislocation of storms, proper spread/skill, basically everything to give a sample that is reliable/sharp?

Verification

(1) How can we measure the spatial and temporal correlations in forecast data, and how can we verify whether these correlations are forecast accurately?  In other words, how do we perform multi-dimensional forecast verification?

(2) More techniques should be developed for the diagnosis and validation of the time series properties of forcing inputs, and the hydrologic outputs; are the timing of onset, offset, duration, intensity correct?  Is rising/falling limb correctly forecast?

(3) Techniques should be developed that evaluate the consistency of the forecasts from one day to the next.

(4) Metrics are needed that are meaningful for both hydro and meteorological communities.

Organizational issues

(1) Who is to do the statistical post-processing of meteorological forecasts? Should this be done by meteorologists (who may understand the meteorology of the problem)? By hydrologists (who understand the hydro issues and what is needed as inputs to their model)?  By statisticians?  All together? 

(2) It may be preferable to have centrally computed hydrological forecast products so that local hydrologists are freed from the burden of producing numerical forecasts themselves. The lack of centralization of computations may result in discrepancies from one basin and one forecast office to the next.

(3) Organizationally, how can we cooperate better between hydrologic and weather services?  How can hydrologists in return help the weather modelers?  Possible examples include through providing data sets that help us validate near-surface processes in our models.

(4) Can hydrologists better, more concretely describe their requirements to the meteorologists?

Predictability issues

(1) It is an ongoing challenge to determine the scales at which there is predictability, and to limit the extraction of information to those predictable scales.  

(2) What is the limit in terms of space-time detail that the meteorological community can offer the hydrological community, consistent with predictability theory and what is possible with statistical post-processing?

(3) Given limits of predictability (and its sensitivity to time and space averaging) what are the best techniques to use?  What techniques are too labor or computationally intensive to use relative to the minor improvements gained?

(4) Can we achieve a unified meteorological calibration method whose output will satisfy a variety of hydrological users, from a dam manager concerned about total inflow (integrated water) to flash flood applications concerned with a peak flow (threshold problems)?

(5) How can forecast verification procedures be applied to decide when should we rely on climatology rather than on meteorological (post or un-postprocessed) output?  

(6) The medium range is that this period spans time leads from relatively high predictive skill to virtually no predictive skill (at least without time averaging).  Hence, an open question is whether there is one generally applicable hydrologic and calibration technique that works for 3-14  days, or must techniques change during this period to adapt to changing skill?

Avenues for THORPEX-HEPEX cooperation.

(1) Use TIGGE data sets to evaluate their value for hydro forecasts, and compare against reforecast-based techniques.

(2)Use THORPEX-HEPEX interaction as a vehicle for the dynamical-statistical downscaling comparisons that we know need to be done.

(3) Use the existing HEPEX test bed data in these comparisons.

(4) Validation / verification tools can be shared between the communities, leading to greater trustworthiness of results and comparisons; expand hydro tools to be able to do grid or weather obs based verification, or share weather tools.

(5) TIGGE data format (grib; netCDF) not easily usable in hydro community, also because of file size; can folks who pioneer their use feed back their algorithms to the TIGGE archive centers to make it easier for others to use?

Appendix F

Work Group Report

Long Range (beyond 2 weeks) 

Group Leaders:  Ray Arritt and Lifeng Luo

Participants: 

Report:

Science Questions in Long Range (Seasonal) Forecast 
· Predictability

· How do we define predictability?

· What is the predictability of hydrologic quantities at seasonal time scale? How do we assess the predictability of these hydrologic quantities? 

· What is the difference between climate predictability and hydrologic predictability? 

· How does predictability vary by spatial and temporal scales, and geographically? 

· How can we identify sources of predictability?  Are there specific quantities or properties that have the most useful predictability?

· Sources of Uncertainty

· What is unique about seasonal forecast as compared to short- and med-range hydrologic forecasts?

· How do we properly represent the uncertainties?  How do we know we are properly representing the uncertainties?

· What is the most effective use of resources?  Do we need multiple climate models, multiple hydrological models, multiple initial conditions to produce ensemble?  How many ensemble members are sufficient?

· End User

· How do we improve communication between the discipline scientists and users?

Future Activities in Long Range (Seasonal) Forecast 
· Need to catalog what presently exists.

· hindcasts

· ongoing dynamical / statistical downscaling activities

· Who would join a coordinated activity?  Coordinate through GEWEX.

· What seasonal hindcasts are now available?

· NCEP CFS

· DEMETER

· ENSEMBLES?

· ECMWF System 3?

· Others?  

· Intercomparison of downscaling approaches

· Dynamical, statistical (including different types), complementary/combined methods

· Test direct relationships between e.g., streamflow and large-scale variables, bypassing intermediate models.

· Downscaling testbeds

· Need common outputs for comparison (common time scales, etc)

· Assess predictability as a function of location, time scale, space scale, regime (e.g., drought, ENSO phase).  Need to evaluate these in a controlled way.

· testbed gives information for a specific location

· look at variability within and between seasons

· downscaling

· limited by available data

· Perform controlled experiments.  What are the hydrologically important variables that we want to forecast on seasonal time scales?

· seasonal statistics of precip, temperature, freezing height (snowline);  disaggregate seasonal statistics into sequences that the models can use

· Propagation of error/uncertainty from climate models through hydrologic models

· Validation will depend on quality of analysis to which hydrologic models are calibrated

· What is the information content of the model?  Best relationships may be with broad-scale model fields rather than nearest grid point.

· Decide on a few catchments/basins and apply methods to each location.

· Can do this more readily for forcing than for hydrologic models, which would need to be recalibrated.

· Look at hindcasts and how downscaling procedures work for these basins.

· Need to look at a broad range of spatial scales. For example, in the U.S. we can look at different climate regions (data are compiled for 102 regions), then smaller or larger areas. 

· Proposed regions:  

· Continental scale:  North America, Europe, Asia, South America.  Lack of data for Africa.

· Finer scale in a range of climate regimes (e.g., semiarid, tropical,  summer dry, winter dry…)

· Nested catchments.

Appendix G

Discussion Session on Breakout Groups

Compiled by Jutta Thielen

1) Short range WG on downscaling (reporter: Jean)

- importance of data, data fusion

- time-space covariance structure to be taken into account when doing the

verification. Not too local observations possible

- spin-up particular important for calculations of precipitation, to be

considered. 

- working groups: THORPEX, TIGGE programmes under CAS. CBS: there are subgroups

working on ensembles. EUMETNET also has subgroups dealing with programmes

on  radar ensembles and ensembles, eg in SRNWP, measuring campaigns.

2) Medium range WG (reporter Flo/Tom)

(all from slides)

3) Long-range WG (Ray)

Rainfall may have poor predictibality but large scale dynamics may be well

described ? can they be used as predictors for rainfall?

Discussion:

 John: seamless weather and climate predictions being important for hydrology

because the initial conditions matter a lot for the future flows. The better

the initial conditions, the better the flow predictions. 

Zoltan: trade off between CPU efforts on producing hindcasts versus using

the CPU for improving the resolutions. Have a minimum reforecast set and

then have a few hydrological events recalculated on  a regular basis

Obled: 

1) what statistical method exist to produce / Substitute? / long time series

of rainfall on shorter time steps . Existing sets will not go beyond 15-20

years and not beyond 50 years? could there be reanalysis to produce such

series would be helpful.

- historical information often are stored but not used 

- extract information from ERA-40 , eg. On timing, spatial distribution

2) statistical methods: how to deal when forecasts are different? 

John: could be that the correlation between forecasts and observatioans

are poor for shorter time steps might be that the measurements are not good

?? computer resources: how much extra value is added by reanalysis, a cost

estimate needs to be quantified. Increments of value and cost to be given

to the user community to make decisions. Important to show the value of

reforecasts from the application side.

Raymond: value of forecast improvement ? publications, but impact is needed:

show relationship between improvements in rainfall and saving costs. 

Zoltan: look at  forecast skill instead of looking at  predictability? precip

is a ?left over? in the meteorological models whereas focus is on  the state

variables which have higher predictability

Jonathan: consistency between different forecast should not be done for

the consistency sake? flip/flop should be addressed. Inconsistent forecast

is not bad as such, but has been addressed since many years. It is mostly

a problem of data assimilation. 

Hamill: multi-ensembles may provide more consistency while at the same time

preserve skill

Zoltan: users could revisit how they use the forecasts, and the decision

process may need to revised

Pedro: consistency has been asked consistent because it is important (was

distracted here)

JT [consistency is needed in a time when decisions are to be made]

?? management decision what to do with the forecast is very difficult? better

have large uncertainty than flip/flop predictions. 

Thursday lunch time, 18/06/2009

WG3, Jean

(as reported)

WG2, Tom

Zoltan: one could consider the dynamical downscaling equivalent to increasing

the resolution of the model? 

Zoltan: there are tools and subsets available at the TIGGE archiving centres.

The idea of GIFS is giving access to forecasts at the provider side, for

this tools need to be developed and these could also be very useful for

TIGGE. Budget is low but projects ongoing. Ideas of making use/share  of

user community products is very much welcomed and Zoltan will 

report back to GIFS. Zoltan co-chair of GIFS together with representative

of UK MetOffice (Richard S???)

Schaake: hope of HEPEX to collect tools to work on the different components

of the hydrological ensemble processor.

WG1: Raymond

Proposed regions; add Australia, etc?

BC: seasonal studies, some issues have been published. Strong seasonal dependence,

results dependent on the size we are looking at.

Jonathan: Propagation of uncertainty from model to model as well as the

preparation processes

Jean: concern that there is too much work already and question what does

the HEPEX commitment lead to in terms of work?

- join group 1 and 2 and have team leaders 

Zuon ??: testbeds go across scales, 

??: do we not want to get to WMO together, groups 1or 2

Thomas: what is common between the three groups and what is different: 

- dynamic vs statistical downscaling

- model resolution increase / number of ensemble members

- Tom: get a strong recommendation from HEPEX on which issues are important,

e.g. dynamical/statistical downscaling?

- facilitate information exchange between the groups/community. Can the

HEPEX webpage help there?

BC Hydro: ??? build an ensemble forecasting system on short range, help

from MeteoFrance

Tom Hamill: start preparing a document with John towards recommendations

Pappenberger: flesh out the THEPS proposal a bit more; support Schaake in

preparing the document but take no lead in this 

All others:  keep working on document:

Deadlines: 

- October 2009: strategic plan or outline to be sending to the working groups

- 15 August: write up the science issues of reports into a paper, send draft

to the working group chairs for revision

- ASL deadline: 31st August, the latest 15th September

Appendix H

THORPEX/HEPEX HYDROLOGICAL ENSEMBLE PREDICTION SYSTEM (THEPS)

F Pappenberger, V. Fortin, HL Cloke

August 9, 2009

This document outlines the case for a hydrological component based on the HEPEX project within the THORPEX project. First it describes the THORPEX and HEPEX, and outlines the research questions both face. It then elaborates on the potential of hydrology to enrich and enhance the THORPEX scientific goals. This is followed by a specific section on TIGGE and GIFS. Finally, a list of goals and an implementation plan is presented. 

Background

THORPEX

THORPEX is a World Weather Research Programme which aims to accelerate improvements in the accuracy of weather forecasts, from 1 day to 2 weeks, in particular by demonstrating the effectiveness of a multinational, multi-model Meteorological Ensemble Prediction System (meteorological EPS). The THORPEX research pan is subdivided into four sub-programs:

1. global-to-regional influences on the evolution and predictability of weather systems. Research Topics: Assess predictive skill at all forecast ranges, including potential predictability; Quantify the contributions of initial condition and model uncertainty to forecast errors;  Investigate the relative effects of small and large-scale initial-condition uncertainty ; Develop improved global ensemble-prediction systems; Utilize global ensemble prediction systems to specify boundary conditions for high-resolution regional ensemble forecasts

2. global observing-system design and demonstration. Research Topics: Improve background-error covariances in existing assimilation schemes; Develop methods for cycling flow-dependent background errors; Develop adaptive quality control; Incorporate model uncertainty into data assimilation procedures; Targeting strategies; Improved use of observations; Quantification of observation errors (with OS group)

3. targeting and assimilation of observations. Research Topics: Explore potential for new observing systems that improve skill of high-impact forecasts; innovative technologies; airborne prototypes of next-generation spaced based remote-sensing systems; advanced data processing methods (thinning, super-obbing); Collaboration with data assimilation on OSSEs, OSEs, characterizing observation error (with DAOS).

4. societal, economic, and environmental benefits of improved forecasts. Research Topics: Identify high-impact weather forecasts; Assess the impact of improved forecast systems; Develop advanced forecast verification measures ;Develop new user-specific weather products 

HEPEX

The Hydrologic Ensemble Prediction EXperiment (HEPEX) is an international effort that brings together hydrological and meteorological communities from around the globe to build a research project focused on advancing probabilistic hydrologic forecast techniques. The HEPEX mission is to demonstrate how to produce reliable Hydrological Ensemble Predictions (Hydrological EPSs) that can be used with confidence by emergency management and water resources sectors to make decisions that have important consequences for economy, public health and safety. 

The key science issue for HEPEX is reliable quantification of hydrologic forecast uncertainty. HEPEX plans to address the following key questions:

· What are the adaptations required for meteorological ensemble systems to be coupled with hydrological ensemble systems? 

· How should the existing hydrological ensemble prediction systems be modified to account for all sources of uncertainty within a forecast?

· What is the best way for the user community to take advantage of ensemble forecasts?

HEPEX is organized around test beds. A HEPEX Test Bed is a setting for HEPEX-community experiments. A test bed could be a single basin (and its subbasins), a region containing multiple basins, or possibly a global collection of basins that facilitate experiments addressing questions over a range of scales and climates.  Regardless of geographical domain, test beds focus on one or more clearly defined HEPEX science questions, have the potential to develop data resources needed for community experiments to address the questions, and are expected to include active user participation.   Proposals for eight test bed projects were presented at the second HEPEX workshop. Participation in HEPEX is open to anyone wishing to contribute to its objectives. Individuals interested in becoming involved in HEPEX can do so as a member of the HEPEX Science Steering Group, User Council, or an affiliated international organization, or through participation in the HEPEX projects and activities. Primary leadership of the HEPEX project will be the responsibility of the science steering group. The User Council will oversee HEPEX activities. Scientists and users will formulate projects and activities to assure that user needs, as well as science issues, are addressed. HEPEX activities will include test beds, intercomparison experiments, workshops, and meetings.

Contribution of HEPEX to THORPEX

HEPEX can contribute to a wide range of THORPEX goals and research topics.

Global-to-regional influences on the evolution and predictability of weather system

Hydrological applications range across scales from catchments of less than a few sqm to continental scale. It can integrate responses over a range of variables (for example precipitation, evaporation, temperature, radiation etc) as well as across spatial and temporal scale. Hydrological systems act often as a low pass non-linear filter of atmospheric drivers. As such it can for example allow to assess predictive skill at all forecast ranges, including potential predictability of many near surface variables on a large range of scales. These scales are meaningful integrators of point observations and thus allow a suitable comparison to model predictions. Additionally, hydrology can act as a diagnostic to quantify the contributions of initial condition and model uncertainty to forecast errors or investigate the relative effects of small and large-scale initial-condition uncertainty and as such develop improved global ensemble-prediction systems. For example, many hydrological regimes can be sensitive to initial conditions and evaluate the signal of changing configurations. Additionally, hydrological models are already part of many meteorological models in the form of land surface schemes. HEPS can act as a communication platform between the traditional small scale hydrological community and the large scale hydrologists.

Data assimilation

Land surface analysis systems used in NWP are decoupled from the atmospheric analysis. They mainly rely on SYNOP data for screen level atmospheric parameters analysis (2m temperature and relative humidity) and snow analysis.  Soil moisture is analysed based on screen level atmospheric parameters analysis using either an optimum interpolation approach (ECMWF, CMC, Météo-France) or a simplified EKF approach (DWD).   New generations of Earth observation satellites will be suitable for NRT monitoring of land surface variables (eg SMOS, ASCAT, SENTINEL,...). They are expected to drastically increase the amount (spatial and temporal coverage/sampling) and relevance of data to be used for land surface analysis in NWP.  Soil moisture and snow are of particular interest since they are at the interface between the atmospheric and the surface branches of the hydrological cycle. Current activities conducted in particular at ECMWF, CMC and Météo-France focus on developing the use of satellite data for soil moisture analysis.  These systems are expected to be extended to snow analysis and vegetation parameters analysis in the near future. They will provide a comprehensive land surface data assimilation system suitable for the purpose of consistent NWP and hydrological forecasting.

Societal, economic, and environmental benefits of improved forecasts

Identify high-impact weather forecasts; Assess the impact of improved forecast systems; Develop advanced forecast verification measures ;Develop new user-specific weather products

Hydrology is important for a large range of high impact weathers such as floods, draughts, peat and forest fires etc. It allows a easy and user focused way to identify high-impact weather forecasts and assess the impact of improved forecast systems. Stakeholder targeted advanced verification methods can be easily developed for example by aggregating of data to endusers targeted units, e.g. river basins, sub-units, and the development of corresponding methodologies. Hydrologists have considerable experience on aggregating, interpolation and error analysis of for example rainfall fields. An exchange of knowledge could be beneficial for both sides. A strong interface between the hydrological and meteorological community would foster applications of the meteo forecasts in hydrology and lead to new user specific weather products.

TIGGE and GIFS

One of the accomplishments of THORPEX has been the development of the THORPEX Interactive Grand Global Ensemble (TIGGE), which allows researchers to access from a single repository an archive of ensemble forecasts provided by different meteorological centers around the world. Research conducted in TIGGE will be used to guide the design and development of the Global Interactive Forecasting System (GIFS). The TIGGE archive contains metrological EPS and high resolution forecast from over 10 global forecasting systems. The archive starts in October 2006 and centres have been added consequentially. Most variables which are important for hydrological forecast have ben achieved. 

Issues

As mentioned in the international research implementation plan of THORPEX, HEPEX is a major potential application of TIGGE (p.39). However:

1. Past Meteorological EPS and corresponding meteorological observations are required. An Hydrological EPS typically requires that atmospheric forecasts are downscaled in order to have the same climatology as the atmospheric forcings that was used for its calibration and local effects (which includes not only the marginal distribution for each forcing variable, but typically the joint distribution of all forcing variables for all lead times and all watersheds of interest). Calibrating ensemble forecasts for hydrological applications is thus a daunting task which relies on a sample of past forecasts of the meteorological EPS and corresponding meteorological observations.

2. A long record of forecasts are required for using Hydrological EPS for flood warning. Hydrological EPSs can have tremendous value for issuing early flood warnings. However, on a given basin, floods are typically rare events. In order to verify a Hydrological EPS and demonstrate its usefulness for flood warning on a given watershed, it is thus required to have access to forecasts for past events, which in turn may require a record of Hydrological EPS forecasts more than a decade old. To achieve this goal consistent meteorological forecasts are needed, meaning, that long time series are required for which only a small (preferably none) change in error structure of the predictors of the numerical weather prediction models occurs.

3. The TIGGE archive is new and thus very short. Through TIGGE, researchers only have access to a short archive of ensemble forecasts from multiple centers (achieving starts in October 2006), which is insufficient to rigourously calibrate downscaling methods or demonstrate the usefulness of a Hydrological EPS based on TIGGE. Furthermore, the individual Meteorological EPS which are contributing to TIGGE evolve continuously, and so do the corresponding model climatologies. Thus, currently, the archive of past forecasts can be problematic to use for downscaling purposes. An established THEPS group could establish protocols to improve these shortcommings. In order to provide feedback to the THORPEX community on the design and development of GIFS, the HEPEX community has to start to use the TIGGE dataset now, and cannot wait for the availability of a sufficiently long archive of past forecasts

4. Access to and manipulation of Hydrological EPS data is practically complicated for many hydrologists. Data access can be a problem: while Hydrological EPS may require a large amount of data for calibration, the design of a Hydrological EPS will only require meteorological information over the watersheds of interest. Furthermore, the hydrological forecasting community is currently not geared to use the standard binary file formats which are commonly used in meteorology, such as GRIB. While this may look like a minor issue, in practice it can significantly slow down research, development and implementation of Hydrological EPSs.

Goals

The THEPS project has three goals:

1. Assess how the TIGGE datasets and THORPEX science plan can meet the requirements of the HEPEX community.

2. Provide feedback to the THORPEX community on the information content of TIGGE and THORPEX scientific questions , and hence contribute to the design and development of GIFS.

3. Help the HEPEX community in using the TIGGE datasets and THROPEX research outputs within Hydrological EPSs.

Avenues for THORPEX-HEPEX cooperation.

· Use TIGGE data sets to evaluate their value for hydro forecasts, and compare against reforecast-based techniques.

· Use THORPEX-HEPEX interaction as a vehicle for the dynamical-statistical downscaling comparisons that we know need to be done.

· Use the existing HEPEX test bed data in these comparisons.

· Validation / verification tools can be shared between the communities, leading to greater trustworthiness of results and comparisons; expand hydro tools to be able to do grid or weather obs based verification, or share weather tools.

· TIGGE data format (grib; netCDF) not easily usable in hydro community, also because of file size; can folks who pioneer their use feed back their algorithms to the TIGGE archive centers to make it easier for others to use?

Implementation plan

In order to meet the goals that we have set to address the different issues related to the use of the TIGGE datasets by the HEPEX community, we propose the following strategy:

1. Identify THORPEX working groups and interests groups which are critical for meeting THEPS objectives, and engage these. Encourage individual hydrological researchers to engage with the THORPEX science plan and research outputs to demonstrate benefit of hydrological applications within the THORPEX program. Formulate a set of hydrological relevant scientific questions which accompany and complement the THORPEX science plan particular questions which can be addressed with the TIGGE archieve

2. Provide, in a way that is as user friendly as possible, all ensemble forecasts from the TIGGE database, together with the verifying observations (both meteorological and hydrological), for a number of watersheds which cover a wide range of possible applications.

3. Encourage hydrological researchers to use the TIGGE database for the development of methodologies adapted to the current constraints of the TIGGE dataset, and to report on their successes as well as on their difficulties to the HEPEX community and to the THEPS project.

4. Promote benefits of a strong hydrological competence at meteorological centers and vice versa, which would help in achieving not only THORPEX goals but also objectives of the individual centres

5. Link with the HEPEX verification testbed in order to provide researchers with tools which can be used efficiently to compare different methodologies for making use of the TIGGE dataset and the THORPEX science plan.

6. Document pf lessons learned. Assess what would be required for the TIGGE dataset and Thorpex research program to be more useful for the HEPEX community, ideally by quantifying the expected gains. For the purpose of TIGGE, other atmospheric forecasts database can be used, such as NCEP and ECMWF ensemble reforecast experiments, and the GEWEX forecast database.

7. Report regularly on the progress made to the THORPEX and HEPEX communities, by way of a web site and by attending workshops and conferences organized by these two communities. In particular, present the THEPS project at the upcoming THORPEX meeting in Monterey (May 2009) and at the upcoming HEPEX meeting in Toulouse (June 2009). Organize a THEPS session at an international conference to promote the project and share results within two years.

8. Review the implementation plan annually, by way of an informal scientific advisory panel.

Timescale

2009-06:
Prepare a first draft of the proposal in preparation for the THORPEX and HEPEX workshops (lead: V. Fortin, F. Pappenberger and H. Cloke).

2009-07:
Get buy-in on the project from the THORPEX and HEPEX community (lead: J. Schaake and J. Thielen).

2009-07:
Assess how a stronger connection with the WMO hydrology programme can be fostered (lead: C. Edlund).

2009-09:
Finalize the project plan, following discussions at the THORPEX and HEPEX workshop. Include in the project proposal an appendix describing the format in which the database of TIGGE forecasts and verifying observations should be made available (lead: F. Pappenberger and V. Fortin). Distribute the project plan to the THORPEX and HEPEX communities.

2009-12:
Establish a simple web portal for distributing the datasets supported by another organization (lead: J. Thielen).

2010-01:
Invite the THEPS community to start posting datasets of ensemble forecasts and corresponding verifying meteorological and hydrological observations for as many watersheds as possible, but more importantly covering a wide range of potential applications and basin size. Focus on watersheds that are part of existing or were part of past initiatives in the recent past, including HEPEX, MOPEX, FRIENDS, GEWEX. 

2010-04:
Present THEPS at the EGU and AGU meeting  (lead: J. Schaake and J. Thielen).

2010-04:
Review the implementation plan during either EGU or AGU (lead: F. Pappenberger and V. Fortin).
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