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1.  Introduction to ENSEMBLES RT2B

Aim
RT2B forms Part II of the ENSEMBLES Model Engine. Its principal aim is to construct and analyse probabilistic high-resolution regional climate scenarios and seasonal-to-decadal hindcasts.  It thus provides a vital link in the ensemble modelling system between ESM output from RT1 and RT2A and the RCMs developed in RT3, and the impacts assessments to be carried out in RT6.

Primary objectives

O2B.a: To construct probabilistic high-resolution regional climate scenarios and seasonal-to-decadal hindcasts using dynamical and statistical downscaling methods in order to add value to the ESM output from RT1 and RT2A and to exploit the full potential of the Regional Climate Model (RCM) ensemble system developed in RT3.

O2B.b: To develop and implement new methodologies for the quantification and incorporation of the cascade of uncertainty, including those uncertainties related to the downscaling method used, in order to construct probabilistic regional climate scenarios and hindcasts, and to detect and study changes in the observed and simulated series.

O2B.c: To construct probabilistic high-resolution climate scenarios and hindcasts for European case-study regions and sub-regions and for Europe as a whole for indicators of extremes and standard surface variables, in formats which are appropriate for input to the RT6 assessments of the impacts of climate change as well as for more general end users and stakeholders.

O2B.d: To provide robust probabilistic estimates and quantitative assessments of changes in regional weather and climate over Europe, including measures of uncertainty, focusing on impact-relevant climate parameters and meteorological extreme events such as heavy precipitation, drought and wind storms.

The ENSEMBLES Description of Work (DoW) also poses 11 scientific and technical questions underlying these primary objectives.  The four RT2B WPs, including WP2B.2 and WP2B.3 on the development and application, respectively, of probabilistic regional climate scenarios, are designed to achieve these objectives and to address these questions.  

2.  Development of a technical specification for WP2B.2 and WP2B.3 

RT2B is dependent on inputs from other RTs (in particular, climate model inputs from RT1, RT2A and RT3), as well as providing inputs to other WPs (in particular, RT6) (Figure 1).  Thus RT2B work will be concentrated in project years 3 and 4, with WP2B.2 and WP2B.3 work focused on year 4 (September 2007 to August 2008).  It is, however, essential to perform preliminary work in the first 18 months to ensure that the inputs/outputs from/to the other ENSEMBLES RTs and within RT2B are available at the right time and in the required forms.  Thus the DoW includes this deliverable – a technical specification of the methodological development work to be undertaken in WP2B.2 (including identification of the statistical downscaling methods to be used) and the application work to be undertaken in WP2B.3 (including agreement on case-study regions, output variables, scenario formats and accompanying documentation).
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Figure 1: ENSEMBLES climate model simulations and the role of WP2B.2 (blue boxes). Figure produced by Clare Goodess (UEA).

The novel and ambitious nature of the proposed WP2B.2 and WP2B.3 work, together with the strong inter-linkages with work being undertaken in other ENSEMBLES RTs, makes it more appropriate to develop the detailed technical specification of work during the course of the project rather than at the proposal stage.  This approach allows more effective and efficient communication with the ENSEMBLES groups providing data and other inputs to RT2B and with the major applications users of RT2B outputs, and allows new technical issues and questions to be addressed as they emerge.

This deliverable is based on email discussions held during the first year of ENSEMBLES, together with face-to-face discussions held, for example, during the ENSEMBLES kick-off meeting in Hamburg (September 2004), the cross-cutting workshop on ‘Impacts studies and climate model outputs: Synergies and challenges’ in Evora (May 2005), the RT6 meeting held in Exeter (June 2005), and an ENSEMBLES ‘integration meeting’ held in Reading (July 2005).  From these discussions between RT2B participants and with participants in other RTs, in particular RT2A, RT3 and RT6, it became evident that drawing up a detailed technical specification of work is a major activity in itself, requiring further preparatory work and technical discussion than has been possible within the first year of the project.  It also became evident that some change in emphasis of the WP2B.2 and WP2B.3 work is required.  In particular, a strong desire for statistical downscaling software tools, together with regional scenario generator tools, was identified.  A need for better integration of work on seasonal-to-decadal timescales with that on climate change timescales was also identified.  These issues are all outlined here, and the need for further work is reflected in new deliverables at months 24 and 30 which are described in the relevant sections of this document.

3.  Data inputs required by WP2B.2 and WP2B.3
3.1 Climate model data

WP2B.2 and WP2B.3 will require outputs from both global and regional climate models for anthropogenic climate-change (ACC) timescales.  Requirements for seasonal-to-decadal timescale data are discussed in Section 7.  

3.1.1 ACC GCM simulations

Three sets of ACC GCM simulations will be available:

RT2A stream 1 global simulations (available month 18) performed with 7 GCMs (METO-HC, IPSL, MPI, FUB, CNRM, NERSC and DMI) using five different forcings: multi-centennial control forcing, historical forcing to 2000, and the following SRES emissions scenarios – B1, A1B and A2.  These simulations are being performed for the IPCC Fourth Assessment Report (AR4) – see the RT2A web site for more details. They will provide boundary conditions for the WP2B.1 RCM simulations (see deliverable D2B.1) and predictor variables for statistical downscaling in WP2B.2 (see Section 5.2).  Output from these simulations will also be used more directly in the construction of regional probabilistic scenarios, e.g., it will be used in WP2B.2 for the pattern scaling techniques being explored by METO-HC (deliverable D2B.7 due at month 18). These data will also be used to perform a preliminary assessment of changes in regional weather and climate over Europe, focusing on selected indicators (i.e., those that are better simulated at the GCM scale), sectors and case-study regions (see Section 4.1).

Output for an agreed set of variables will eventually be available from the ENSEMBLES CERA data base (http://cera-www.dkrz.de/CERA/). RT2B participants have contributed to email discussions about output variables during the first year of the project, although a final decision on the output list has not yet been made (in part, due to concerns about the volume of data requested).  Some of the output is currently available from the IPCC WG1 database (http://www-pcmdi.llnl.gov/), to which ENSEMBLES has been granted access, and will also be available from the IPCC Data Distribution Centre (DDC) - http://ipcc-ddc.cru.uea.ac.uk/.  In addition to these restricted-variable databases, all other output (including the model-level boundary conditions required for RCM forcing) will be available from the individual modelling centres.

RT1 perturbed physics HadCM3 runs (available month 24).  See the RT1 website for further details of these runs. The primary use of these simulations is likely to be in RT1 for the development of techniques which will enable conversion of ensemble results into pdfs of changes for regional variables.  The Hadley Centre, for example, is working on a Bayesian method aimed at making pdfs from perturbed physics ensembles, with (if a methodology can be developed) adjustments based on information from multimodel ensemble runs. Applications and other users have, however, expressed interest in having access to these simulations.  Thus METO-HC is looking at making feasible subsets of the data available, dependent on user needs and balanced against the time-consuming task of extracting the data. For example, it is probably unfeasible to supply more than sample data at the daily level, given its volume and the current difficulty of extracting it from the Met Office mass storage system. Lodging the data at one or more archive locations (e.g., PCMDI, Hamburg) is likely to be the way to go. 
RT2A stream 2 simulations (available years 3 and 4).  These GCM simulations will be based on the Ensembles Prediction System (EPS) developed in RT1 and will use forcing scenarios developed by RT7.  They will consist of larger ensembles than the stream 1 simulations, which has implications for data archiving.  The extent to which it will be feasible to use these simulations in RT2B is not yet clear.  It will not be possible, for example, to run WP2B.1 RCM simulations forced by the stream 2 simulations.  The potential use of these simulations for WP2B.2 and WP2B.3 work will, however, be considered as part the next annual review process.

3.1.2  ACC RCM simulations

Three sets of European ACC RCM simulations will be available, together with one non-European set:

ERA40@50 RCM European simulations performed in RT3 (available from the DMI data server month 24).  These simulations will be forced by ERA40 data and have a grid resolution of 50 km.  Their primary purpose is for comparison with the ERA40@25 simulations (see below) and to explore the added value of doubling the spatial resolution.  Since ACC simulations will not be performed at this resolution, the ERA40@50 simulations are unlikely to be used extensively in RT2B (although they may be useful for some groups undertaking methodological development work, together with PRUDENCE data – see http://prudence.dmi.dk/).

ERA40@25 RCM European simulations performed in RT3 (available from the DMI data server month 30).  These simulations will be forced by ERA40 data and have a grid resolution of 25 km.  Their primary purpose is for ‘perfect-boundary’ condition validation studies (e.g., in RT5) and to demonstrate the added value of increasing the spatial resolution.  Thus these simulations are likely to be more useful for analyses undertaken by RT3 and RT5 than RT2B (though may be useful for some methodological development and validation work).

RT2B ACC RCM European simulations performed in WP2B.1 (available month 36).  These simulations will use the same model versions, common domain (Figure 2) and grids as the ERA40@25 simulations.  They will be run for 1950-2050 or 2100 using boundary conditions taken from the RT2A stream 1 GCM simulations (see Section 3.1.1).  Further details of these simulations, which will provide the main focus of WP2B.2 and WP2B.3 work, are available in deliverable D2B.1.  
A list of common output variables that will be archived centrally for these European RCM simulations has been agreed (other variables will be available directly from the individual modelling centres).  This list was produced by RT3, but RT2B participants have contributed extensively to email discussions on this and the domains/grids to be used.  These are all described in a document available from the RT3 website - http://ensemblesrt3.dmi.dk/outputlist.doc.
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Figure 2: The common  domain and 25 km resolution to be used for the ERA40@25 and WP2B.1 RCM runs. Figure provided by Burkhardt Rockel (GKSS).

Output from all three sets of European simulations will be archived using a central server set up by DMI (deliverable D2B.3, due month 18). The hardware for this server will be provided by DMI and ENSEMBLES funding will be used to establish and maintain it. Protocols for preparation of the data to be hosted will be defined and will, as far as possible, be in line with the experience gained from the PRUDENCE (http://prudence.dmi.dk/) project based on NetCDF and DODS.  It is estimated that the common set of variables archived per 100 year 25 km simulation will require about 230 Gb of storage.

Non-European RCM simulations performed in RT3 (available month 51).  Details of these simulations will be decided at a later stage. RT8 has proposed taking a decision about the non-European case-study region for ENSEMBLES to focus on during the Athens meeting and has suggested the following regions: the West African monsoon region, China and the Indian monsoon region (see Section 4.1).  Southern Africa and South America have also been proposed as potential case-study regions.  

3.2  Observed data
WP2B.2 and WP2B.3 work will require access to four categories of observed data: Reanalysis data; gridded surface observations; station data and impacts-related data.

3.2.1  Reanalysis data
The main purpose of reanalysis data will be to provide predictor variables for statistical downscaling of ACC simulations in WP2B.2 (see Section 5.2.1).  ERA40 (http://www.ecmwf.int/products/data/archive/descriptions/e4/) will be used – to ensure consistency with the RCM simulations being undertaken in RT3 (see Section 3.1.2), for example.  

It is proposed to construct a dataset of common ERA40-based predictor variables as a month 24 deliverable (D2B.10).  This dataset will be made available via the RT2B regional scenario web portal (deliverable D2B.8, month 24).

3.2.2 Gridded surface data

WP5.1 is developing a daily high-resolution (25 km) gridded observational dataset for Europe. This will extend back as far as possible, 45 years or possibly even longer.  The variables will be min/max temperature, precipitation ( including snow variability in high latitude and alpine regions) and surface air pressure. Quantitative estimates of data uncertainty will be provided for each time step and grid-point location.  It is expected to be completed by month 36.  This dataset will be used by RT2B for validation work, as a baseline for assessing climate change and, possibly, to provide predictands for statistical downscaling (see Section 5.2.2).

The density of stations used for the gridded dataset will likely be low for a number of eastern European countries.  This could be a serious limitation for the validation of extremes in WP5.4.  Even for the Netherlands, with a relatively large number of available rainfall stations, there may only be one station per 25 km by 25 km grid box.

Existing gridded datasets for selected parts of Europe are also likely to be valuable for WP2B.2 and WP2B.3 work.  One such dataset is the mesoscale gridded fields of daily precipitation for the European Alps for the period 1966-1999 developed by Frei and Schär (1998).  It was derived by spatial aggregation of rain gauge observations onto a regular latitude-longitude grid of 0.5˚.  On average, 10-50 station observations contribute to the analysis at each grid point.  It has been used within the STARDEX project, for example, to intercompare statistical and dynamical downscaling of precipitation extremes over the European Alps (Schmidli et al., 2005).  
Another dataset of interest to RT2B is the European-wide gridded dataset of daily near-surface meteorological parameters developed by JRC, Ispra, Italy (an ENSEMBLES partner). The dataset starts in 1975 and has a 50 km x 50 km spatial resolution.  It is based on more than 6000 inventoried stations.  This dataset is available for use by any ENSEMBLES partners wishing to collaborate with JRC in downscaling seasonal-to-decadal predictions (see Section 7).  The data distribution and use conditions are clarified in the following web site: http://agrifish.jrc.it/marsstat/datadistribution/.

What will not be available, is gridded data sets at a resolution of 1 km or so, although this is a resolution sometimes requested by applications users.

3.2.3 Station data

Station data (principally surface temperature and precipitation) will be used as predictands for statistical downscaling (see Section 5.2.2) and may be more widely useful to RT2B for validation and as a scenario baseline.

Access to daily station data tends to be subject to more restrictions, by National Meteorological Services, for example, than gridded or monthly data and can be very expensive to purchase.  It is not yet known, for example, how much of the station data underlying the ENSEMBLES daily gridded data set (see Section 3.2.2) will be available for use by partners.  Station data from the European Climate Assessment (ECA) and Dataset programme (http://eca.knmi.nl/) are, however, freely available and will provide a major input to the gridded dataset. ECA data also provided the basis of a dataset of nearly 500 stations constructed during the STARDEX project.  Restrictions imposed by several National Meteorological Services mean that the station series cannot be made available. However, permission has been given to use them in construction of the gridded dataset and seasonal indices of extremes for these stations for the period 1958-2000 can be freely downloaded from the STARDEX web site (http://www.cru.uea.ac.uk/cru/projects/stardex/).

Once the ENSEMBLES case-study regions have been finalised (see Section 4.1), work will start on assembling the station and other data required for these regions (see Section 3.2.4).  Decisions will also need to be made about what data can be provided with the web-based downscaling service and other RT2B downscaling and scenario generation tools (see Sections 5.5 and 6).

3.2.4  Impacts-related datasets

The ENSEMBLES gridded dataset will provide daily temperature, precipitation and air pressure data, and the station data that will be assembled will focus on daily temperature and precipitation.  However, observed data will also be required for other variables – referred to here as ‘impacts-related’, though clearly temperature and precipitation (particularly their extremes) are important with respect to impacts.  Statistical downscaling has tended to focus on temperature and precipitation, for example in the STARDEX project, but could also be extended to other variables such as wind and waves and even more exotic variables such as hail and lightning.  More discussion is required on the predictands to be used for statistical downscaling (see Section 5.2.2).

These impacts-related datasets will be particularly relevant for WP2B.3 work.  The original description of work refers to wind storms and hydrological impacts, for example.  During year 1, PAS has started data collection for their work on the investigation of modelled changes in drought-related aspects, focusing on the needs of specific sectors (in hydrology, water and spatio-temporal analysis) which they will study in RT6. They have already found that their budget is insufficient to buy data from the commercially-oriented State Polish Hydrometeorological Service, and hence are pursuing low-cost options.  NIHWM has started work on constructing a hydrometeorological data archive for the lower Danube basin.  The monthly discharge series from Orsova in southwestern Romania is shown in Figure 3, together with the 10th and 90th percentiles.  Further discussion is required, involving other RTs, in particular RT6, to identify other impacts-related variables that should be focused on, and for which regions.

3.2.5 Data access and metadata

Assembly of the predictor and predictand datasets required for statistical downscaling, and the other observed datasets required for scenario construction and analysis, is identified as an RT2B activity for months 13-30 (Tasks 2B.2.5 and 2B.3.3).  The observed case-study datasets are a deliverable (D2B.12) at month 28. All these datasets will be made available via the RT2B regional scenario web portal and, unless restricted by third parties, will be publicly available.
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Figure 3:  Time series of discharge level (standardised) of the Danube lower basin (Orsova) for September, 1840-2003 (blue line) and the 90th (green) and 10th (pink) percentiles. Figure provided by Ileana Mares (NIHWM).  

These RT2B observed datasets are likely to be of interest to other ENSEMBLES RTs and, equally, other RTS are likely to have observed datasets of interest to RT2B.  Thus it could be useful to have a central ENSEMBLES metadata base, particularly relating to the observed data available for the proposed case-study regions (see Section 4.1).

4.  Case-study regions, impacts sectors and indices of extremes

4.1 Case-study regions

The description of work for WP2B.3 proposes the following case-study regions: Scandinavia (ULUND), the Alps (ETH, ARPA-SIM), Balkans and Danube Basin (NMA and NIHWM) and Eastern Mediterranean (NOA), while noting that other groups (such as DMI, ICTP and MPI-MET) will focus on Europe as a whole.

Following discussion at the cross-cutting workshop in Evora, Portugal (May, 2005), RT8 has proposed that there should be an ENSEMBLES-wide focus on sub-regions within Europe, and at least one non-European case-study region.  The following regions have been proposed, with choices to be ratified by the ENSEMBLES management board on 9 September 2005, after wider discussion by the General Assembly:

Case-study areas in Europe:


•    The Alps, which are the key source region for water for a large part of Europe. RCM performance is often weak in the Alpine region, making it a good “testing ground” for model robustness;

•    The Mediterranean, where the expected increase of temperature and occurrence of drought are likely to lead to major environmental and economic impacts;

•    The Baltic region, where past experience has highlighted a relatively large discrepancy between RCM and GCM simulations. In addition, the Baltic is interesting from the hydrological and environmental points of view;

•    One of the large European catchment areas, which would be interesting in terms of hydrology and water management. Although there has been much work carried out on various catchments, there is still much scope for focused research on European river systems.

Case-study areas outside Europe:


•    The West African monsoon region. The climate in this region frequently interacts with European climate, and as several other projects focus on this area (e.g., AMMA), there would be some logic in merging ENSEMBLES research with other ongoing efforts;

•    China, which is also a region experiencing the monsoon, but where rapid socio-economic development may already be having a discernible influence on climate. The Chinese research community is in the process of initiating a program similar to ENSEMBLES focusing on China, and there would thus be grounds for strengthening ties with Chinese scientists;

•    The Indian monsoon region. Although different to China, India is also undergoing rapid socio-economic change that impacts upon the environment; in addition, Indian agriculture is known to suffer drastic shortfalls during years with weak or failing monsoons (this is also true for other regions with limited rainfall and limited irrigation facilities, e.g., large areas in China), with obvious economic and social repercussions. Results from ENSEMBLES modelling and impacts assessments could thus also be implemented in India.

The proposed European case-study regions are broadly consistent with those already proposed by WP2B.3.  The Danube, for example, fits the category of a large European catchment area.  RT2B may also wish to identify sub-regions in some of the case-study regions.  The Mediterranean, in particular, is large and while some groups will focus on the region as a whole, it may be more appropriate to focus on selected sub-regions for some purposes. 

The RT2B original description of work does not mention a non-European region.  RT3 does propose undertaking simulations for a non-European region towards the end of the project (see Section 3.1.2): the RT3 DoW refers to regional climate projections, but no details are given.  Working in a non-European case-study region offers RT2B the chance to test methods in a different climatic regime (which would be beneficial for increasing confidence in the robustness and transferability of statistical downscaling, for example).  It would certainly be good to test the statistical downscaling and scenario generation tools which will be developed in WP2B.2 (see Sections 5.5 and 6) in as wide a range of regions as possible.  Whilst desirable, the feasibility of such work is limited by the availability of time and observed data (in particular, for statistical downscaling).  At the moment, the strongest desire for downscaling in non-European regions has come from the seasonal-to-decadal timescale community in ENSEMBLES (see Section 7), so it may make sense to focus on this timescale for non-European work.

4.2 Impacts sectors

The description of work for WP2B.3 indicates a number of specific impacts sectors on which work will focus:

· Hydrology (ETH, PAS, NIHWM and MPI-M)

· Agriculture (ARPA-SIM)

· Forestry (ULUND)

· Deep cyclones, heavy rainfall and wind storms (FUB) 

· Crop production and drought risk (IAP).

4.3 Indices of extremes

Scenarios of extremes will be an important focus of RT2B work, particularly WP2B.3, where the emphasis is on impact-relevant climate parameters and meteorological extreme events such as heavy precipitation, drought, wind storms and heat waves.  Results from the analysis of impact-relevant indices, such as ecological indices, will also be crucial to RT6 to physically interpret the scenarios results from impact models and to assess the role of meteorological changes compared with other impacts forcing factors.  
Reaching agreement on common indices of extremes is not, however, easy.

In the STARDEX project, for example, a software package for calculating more than 50 different indices of extremes was produced (and is publicly available from http://www.cru.uea.ac.uk/cru/projects/stardex/).  A set of 10 core indices was identified as the focus of STARDEX work (Table 1).  Many of the indices are based on thresholds defined using percentile values rather than fixed values.  This makes them transferable across the range of climatic regimes experienced across Europe.  However, such ‘fixed-bin’ approaches do have some limitations, e.g., when exploring the contribution of extreme events to overall trends (Michaels et al., 2004).  In order to ensure reasonable sample sizes and to avoid major problems in trend analysis (Frei and Schär, 2001) the focus is on ‘moderate’ extremes, i.e., 90th and 10th percentile values, rather than the far tails of the distributions.  The core set was carefully chosen to encompass magnitude, frequency and persistence.

The indices listed in Table 1 were highly appropriate for the STARDEX purposes of developing and evaluating statistical downscaling methods for the construction of scenarios of extremes. As well as being rather moderate, they are defined primarily from a climatic rather than an impacts perspective – although clearly having some relevance for impacts.  The greatest 5-day total rainfall, for example, is likely to be relevant to flooding episodes on smaller catchments, although a longer aggregation period may be more appropriate for larger catchments.

Table 1: The STARDEX core indices of extremes.

	Precipitation related indices of extremes
	User-friendly name

	pq90

90th percentile of rainday amounts (mm/day)

px5d

Greatest 5-day total rainfall

pint

Simple daily intensity (rain per rainday)

pxcdd

Maximum number of consecutive dry days

pfl90

% of total rainfall from events > long-term                           90th percentile

pnl90

Number of events > long-term 90th percentile                           of raindays
	Heavy rainfall threshold 

Greatest 5-day rainfall Average wet-day rainfall  

Longest dry period

Heavy rainfall proportion

Heavy rainfall days

	Temperature related indices of extremes
	

	txq90

Tmax 90th percentile (ºC)*

tnq10

Tmin 10th percentile (ºC)**

tnfd

Number of frost days Tmin < 0 °C

txhw90
             Heat wave duration (days)
	Hot-day threshold

Cold-night threshold

Frost days

Longest heatwave


A somewhat different set of indices of extremes was used by the MICE project which focused on the impacts of climate change on extremes (http://www.cru.uea.ac.uk/cru/projects/mice/).  MICE also used percentile thresholds, but considered the 5th and 95th as well as the 10th and 90th percentiles.  They also used fixed thresholds, e.g., number of days when the maximum wind speed exceeds 32 ms-1, together with applied indices of extremes, such as date of first autumn and spring frost and, for the Mediterranean, dates of start/end of summer drought.  Extreme value analysis, based on both the Generalized Extreme Value (GEV) distribution and Generalized Pareto Distribution (GPD), was also used. Amongst the impacts of climate change considered by MICE were: forest fire, health, wind storm damage, and implications of the energy industry.  The PRUDENCE project also examined extremes, (http://prudence.dmi.dk/), but used more models than MICE so that estimates of the uncertainty in the projected climate extremes could be made. PRUDENCE also considered likely changes in the return levels of extremes.

The choice of indices of extremes to be used in RT2B must clearly be discussed with the applications users in RT6.  This is particularly important given that the main output format for RT2B scenarios will be distributions (e.g., PDFs and response surfaces, including joint probabilities) rather than time-series data. Discussion is also needed with partners working on extremes in other RTs, in particular WP4.3 on understanding extreme weather and climate events and WP5.4 on evaluation of extreme events in observational and RCM data.  Whilst recognising that the specific focus of different analyses will to some extent determine the most appropriate indices of extremes to be used, as will the case-study region, some consistency across the project is desirable.  In this respect, and to avoid each RT re-inventing the wheel, it would be good to have some centrally-available statistical tools for calculating and analysing indices of extremes.  The STARDEX software tool referred to above is already available, for example.  The WP2B.3 description of work states that a range of parametric and non-parametric techniques for spatio-temporal analysis will be used – again, it would be good to make the underlying software/code more widely available to ENSEMBLES participants.
5.  Statistical downscaling

Task 2B.2.b in the five year description of work is the modification of existing statistical downscaling methods for integration into the ensemble prediction system.  The 25 km spatial resolution planned in WP2B.1 for dynamical downscaling will to some extent negate the necessity for ‘traditional’ statistical downscaling.  It may be sufficient, for example, for some large river basins (although questions of reliability still arise).  However, this resolution will not be sufficient for all users.  Point estimates (comparable to observed station data), rather than grid-box averages, are required for a number of impacts assessments and are frequently requested by end users and stakeholders.  In addition, statistical downscaling is less computer intensive than dynamical, and hence can be used to sample the GCM/emissions scenario matrix more intensively, particularly given the large domain, long length and high spatial resolution of the ACC RCM simulations.  It should also be possible to use PDFs, generated by RT1 for example, as direct forcing for statistical downscaling models. 

5.1 Statistical downscaling methods

Previous work funded by the EC and others has developed robust statistical downscaling methods (e.g., the STARDEX project for the end of the 21st century and the DEMETER project for seasonal-to-decadal timescales).  The STARDEX project intercompared over 20 different statistical downscaling (SDS) methods.  NCEP Reanalysis-based verification analyses were conducted using a common set of principles (Goodess et al., 2005).  The skill was found to vary from method-to-method, index-to-index, season-to-season and station-to-station, with the latter variation dominating.  The variability in skill tends not to be systematic, hence it is difficult or impossible to identify a single best method in most cases.  Since this is not possible, a major recommendation from the STARDEX verification studies (Goodess et al., 2005) is to use a range of the better statistical downscaling methods, just as it is recommended good practice to use a range of global and regional climate models in order to reflect a wider range of uncertainties.  

Thus, particularly within the ENSEMBLES context, it is important for RT2B work to focus on a range of different SDS methods, suitable for a number of different applications (requiring different combinations of single-variate, multi-variate, single-site, multi-site and European-wide scenarios).  The SDS methods that will be explored are outlined in Table 2.

Table 2:  Summary of statistical downscaling methods to be used in WP2B.2.

	Group/Method
	Proposed predictands
	Proposed predictors
	Brief description of method and references

	ARPA-SIM: regression, conditioned by circulation
	Prec, Tmin, Tmax (mean values and extreme event frequency)
	Z500, T850, MSLP, RH850 (monthly means)
	CCA for scenarios: 

Barnett and Preisendorfer, 1987; 

von Storch et al., 1993

MLR for scenarios:: 

Wilks D., 1995;  Draper and Smith, 1981.

BLUE+MLR for seasonal: 

Thompson, 1977; 

Pavan  et al., 2005

	FIC: two-step analogue method
	Daily precipitation and temperatures. Wind and humidity are planned to be tested.
	Z1000, Z850, Z500;  Low tropospheric humidity and thickness (1000 to 500 hPa); Temperature of the previous days (the predictand is used latter as predictor).

Instability indexes and snow cover related predictors are planned to be tested, and some others (real wind instead of geostrophic…)
	Two-step analogue method, in which (1) the ‘n’ most similar days to the day being simulated are selected from a reference data set and (2) predictands / predictors  relationships are obtained from the ‘n’ days data set (performing different analyses, including multiple regressions), and applied to the problem day

	GKSS: conditional stochastic weather generator
	Marine surface wind
	
	Monte Carlo simulations and extreme values analysis. Busuioc and von Storch, 2003. 

	IAP: regression, conditioned by circulation
	Daily temperature (possibly also daily precipitation)
	500, 1000 hPa heights (or SLP), 850 hPa temperature, 1000/850 hPa thickness, for precipitation, also some humidity-related variable
	Days are stratified by classification based on circulation patterns, within each class multiple linear regression is performed; Huth et al., J. Climate, submitted

	IAP: neural network
	Daily temperature
	500, 1000 hPa heights (or SLP), 850 hPa temperature, 1000/850 hPa thickness, for precipitation, also some humidity-related variable
	Multilayer perceptron with one hidden layer, inputs are either PCs of predictor(s) or their gridpoint values; Huth et al., J. Climate, submitted

	IAP: conditional stochastic weather generator
	Precipitation, min and max temperature, solar radiation
	N/A
	Precipitation occurrence simulated by two-state Markov chain, precip. amount by gamma distribution, other variables by normal distribution; all is conditioned on variability on a monthly scale; Dubrovsky et al., 2004 

	IAP: multiple linear regression
	Daily temperature (possibly also daily precipitation)
	500, 1000 hPa heights (or SLP), 850 hPa temperature, 1000/850 hPa thickness, for precipitation, also some humidity-related variable
	Multiple linear regression with stepwise screening of 

gridpoint values; Huth, 2002



	INM: clustering analogue method
	Precipitation

Temperatures

Wind speed

Snow

Evapotranspiration
	Different configurations of daily predictors (T,  Z, U, V, Q, pot. Vorticity, divergence, etc) at different levels (1000, 850, 500, etc.) are used to find the optimal atmospheric pattern for each predictand.
	A computationally efficient implementation of the standard analogues technique which clusters the reanalysis database into a set of “weather classes” (see Gutiérrez et al. 2004, Díez et al. 2005).

	KNMI: nearest-neighbour resampling
	Multi-site daily local precipitation (and temperature)¹
	Large-scale circulation, temperature and humidity
	The use of the method for the conditional simulation on circulation indices is described in Beersma and Buishand, 2003.

	NIHWM: conditional stochastic weather generator
	Temperature, precipitation, drought indices, discharge level of the Danube basin
	Low frequency PCs of MEOF of the geopotential at 500 hPa, 500-1000 hPa and SLP
	Step 1: Filtering by MEOF ( Multivariate Empirical Orthogonal Function) of the predictors, for Atlantico-European region. Markov Models applied to MEOF, see Xue et al., 2000 and Chen and Yuan, 2004.

Step 2: Classification of the atmospheric circulation patterns by means of the first PC of MEOF decomposition.

Step 3: Construction of Markov chain for circulation pattern transformation; estimation of the transition probability matrix, limiting matrix, ergodicity coefficients and other characteristics of  Markov modelling.

Step 4: Results obtained for large scale circulation are associated with occurrence of extremes for Balkans and Danube basin.

	NMA: conditional stochastic weather generator
	Daily precipitation
	Monthly means of:

-SLP (sea level pressure);

-relative humidity at 1000, 925, 850, 700 hPa;

-2 meter-specific humidity;

- 2 meter relative humidity;

-10m-wind speed;

-10 meter U and V wind;

-total cloudiness;

Some daily predictors may also be used.
	This model is a mixture between a two-state first order Markov chain and a statistical downscaling model based on CCA (Busuioc and von Storch, 2003). 

Precipitation occurrence is described by a two-state, first order Markov chain and the variation of precipitation amount on wet days is described by two gamma distribution parameters. The four parameters (two transition probabilities and two gamma distribution parameters) are linked by the large scale predictors through the CCA model. Other linear models will be also tested (e.g., multiple regression).


	UC: self-organizing maps
	Precipitation

Temperatures

Wind speed

Snow

Evapotranspiration
	It is a generic data mining method which extracts the relevant predictors, or combinations, from all the available ones.  
	A data mining technique based on neural networks for analyzing and downscaling GCM ensemble forecasts (see Gutiérrez et al. 2005).

	UEA: stochastic weather generator
	Daily precipitation, Tmax, Tmin, vapour pressure, wind speed, sunshine duration, relative humidity, reference PET 
	Grid-point change fields (mean and std. dev.) for daily precipitation, Tmax, Tmin (and possibly other variables). 
	First-order, infinite-state Markov chain model. Secondary variables are all dependent on precipitation. Model parameters (e.g., precipitation gamma distribution) are perturbed using ‘predictors’.


1An alternative could be that we generate sequences of sub-daily rainfall. One approach is to start with the sub-daily rainfall from an RCM (a number of centres have planned to store hourly rainfall). Another approach is to disaggregate daily rainfall (Wójcik and Buishand, 2003). For this, the availability of sub-daily rainfall is essential. The resampling method can then be used for both spatial (i.e. from RCM grid-box to point rainfall) and temporal (i.e. from daily to sub-daily) downscaling. It is also capable to generate long stable time series (see Section 5.4). 

5.2 Predictors and predictands

SDS on ACC timescales conventionally uses relationships that are derived between predictors calculated using reanalysis data and observed predictands, which are then applied to climate model output.  This is the perfect prognosis (perfect prog) approach (Wilks, 1995).  An alternative approach, known as Model Output Statistics or MOS (Wilks, 1995), in which relationships are derived using modelled predictors, tends to be used in seasonal-to-decadal forecasting (see Section 7).

5.2.1 Predictor variables
Some of the proposed predictor variables that will be used for SDS in WP2B.2 are listed in Table 2. Work in the STARDEX project has indicated that it is easier to make recommendations about methods for predictor selection, than recommendations about the best predictors themselves, since the latter tend to vary from region-to-region, index-to-index and region-to-region – see

http://www.cru.uea.ac.uk/cru/projects/stardex/deliverables/D10/.

Good predictor variables can be defined as follows (Goodess et al., 2005):

· having strong, robust and physically-meaningful relationships with the predictand;

· having stable and stationary relationships with the predictand;

· explaining low-frequency variability and trends;

· being at an appropriate spatial scale (in terms of both physical processes and GCM performance); and,

· well reproduced by GCMs.

The latter criterion implies that the ability of GCMs to reproduce the selected predictors for the present-day must be evaluated (see, for example STARDEX deliverable D13 - http://www.cru.uea.ac.uk/cru/projects/stardex/deliverables/D13/).  A number of validation studies are planned in RT5, e.g., WP5.2 will focus on aspects such as the North Atlantic storm track.  Some of the model weighting schemes to be developed in RT1 and RT3 should also provide some relevant information.  However, discussion is required with other RTs (once Table 2 has been completed) to determine the extent to which predictor validation will be undertaken elsewhere and what must be done by WP2B.2.

Where possible, common predictor datasets will be constructed from ERA40 (deliverable D2B.10, month 24) and ENSEMBLES climate model outputs (deliverable D2B.14, month 30).  These datasets will be made available via the RT2B regional scenario web portal.  The variables to include will be decided by the statistical downscaling groups involved in WP2B.2.

In the above discussion, it is assumed that predictor variables are derived from GCMs.  They could, however, be derived from RCMs, although this may not be appropriate for some of the larger-scale predictors employed.  This is another decision that must be made by WP2B.2.

Assuming for now that the predictor variables for SDS will be derived from GCMs, i.e., from the RT2A stream 1 simulations, which GCMs and emissions scenarios should be used?  The answer is probably ‘as many as possible’. However, until Table 2 has been completed and issues to do with data archiving from these simulations have been resolved (see Section 3.1.1) it is not possible to identify the number of simulations for which appropriate predictors will be available.  Although some data is already or will very shortly be available from the IPCC-DDC and PCMDI archives, this will not include all the upper-air predictors, for example, that some SDS methods require. 

5.2.2 Predictands

Surface temperature and precipitation will be the principle predictands (Table 2).  However, consideration also needs to be given to the desirability and feasibility of including other potential predictands, such as wind, waves and storm surges, together with more ‘exotic’ variables such as hail and lightning.

Two other questions also need to be addressed with respect to the type of predictand used:

· To what extent will station and/or gridded datasets be used? 

· Can the same SDS methods be used for both types of dataset?

The synthesis report of Breakout Session 1 during the Evora workshop (available from the RT8 website) identifies spatial scale as a key problem area.  In particular, it is noted that most impact models operate at very high spatial and temporal resolution (~1 to 2 km or smaller grids).  Statistical and dynamical downscaling can provide information on 25 km grids, and statistical downscaling can provide point information (where observed data are available).  However, intermediate spatial scales are far more difficult to address – in the case of SDS this is due to lack of appropriate predictand datasets.  Breakout Session 1 also identified a need for downscaling Reanalysis data.  Further discussion is required with user groups to determine whether the proposed ERA40@50 and ERA40@25 RCM simulations, together with SDS calibration/validation work using ERA40-based predictors will help to meet this need.

The choice of indices of extremes is discussed in Section 4.3 and the need for time-series data is raised in Section 6.  These two considerations lead to the following question:

· To what extent can ‘direct’ SDS methods be used (i.e., where seasonal indices of extremes are used as predictands and no daily time series are produced) rather than indirect methods (i.e., where seasonal indices of extremes are calculated from downscaled daily time series)?

5.3 Principles of verification

The use of common datasets, calibration/validation periods and test statistics is important for a consistent multi-model approach to SDS.  The use of common datasets is discussed above.

WP2B.2 must also make decisions about calibration/validation periods and test statistics or skill scores for evaluating SDS model performance.  The STARDEX project, for example, used a common verification period (i.e., independent validation period) of 1979-1993 – chosen for compatibility with the ‘perfect-boundary condition’, i.e., ERA15 forced, RCM simulations undertaken in the MERCURE project.  The remaining period of data, 1958-1978 and 1994-2000 was used for model calibration or training.  Should a similar approach be used in ENSEMBLES (if so, which years should be used) or would it be preferable to use cross-validation?

STARDEX verification work focused on the following three skill scores:

· Spearman Correlation

· validates inter-annual variability independent of bias or incorrect variance

· shows how successfully capturing predictor-predictand relationship

· Bias

· important but some models explicitly model bias

· Debiased RMSE

· validates inter-annual variability, including variance,  independent of bias

Discussion is needed to determine whether these skill scores are appropriate for use in an ensemble prediction system – or would it be more appropriate to use skill scores and concepts more traditionally used in assessing the quality of seasonal-to-decadal forecasts, such as Brier and ROC scores (Jolliffe and Stephenson, 2003)?  Or should WP2B.2 use skill scores which are more consistent with the methods being used to derived model weights in RT1 and RT3?  This raises the question as to whether weights should be applied to SDS output and, if so, how this should be done (see Section 6).

Skill scores for weather forecasting (Brier, ROC) typically measure the discrepancy between the forecast for a particular day or season t and the observed value x(t). The problem with ACC downscaling is that we do not have observations in the future climate. An important requirement for ACC downscaling is that it can preserve the statistical properties of the climate variables of interest (means, variances and distributions of extremes). This does not necessarily imply a large Brier or ROC skill score. A good downscaling model for seasonal-to -decadal forecasts may not be appropriate for ACC downscaling. Discussion is needed on the assessment of an ensemble prediction system, but the use of Brier or ROC skill scores is not the only approach that will be useful.  Whatever approach is taken, an analysis of the sensitivity of the impacts to the choice of uncertain components (such as the choice of weights) in the prediction system will be necessary.

5.4 Modifications required for the construction of probabilistic scenarios

The WP2B.2 description of work outlines how statistical downscaling methods require modification in order:

· to generate scenarios based on the ‘grand probability’ distributions which will be constructed in RT1 and RT2A;

· to generate scenarios for GCM/emissions forcing scenarios for which RCM output is not available, i.e., to extend the RCM ensembles developed in WP2B.1; and,

· to generate long stable time series that have the required characteristics of a common parent population for extreme value and other statistical analyses (and which cannot be extracted from RCM simulations with continually varying forcing). 

These requirements can be achieved through the use of stochastic approaches, such as the traditional weather generator approach.  The most robust statistical downscaling approaches are based on relationships between local weather variables and the large-scale circulation and additional variables describing atmospheric stability and humidity.  These methods will be modified in order to meet the requirements of the ENSEMBLES prediction system.  NIHWM, for example, has started work on the development of a methodology for Markov chain modelling of sequences of atmospheric circulation patterns for implementation with a conditional model of extreme hyrdo-meteorological events (deliverable D2B.5, month 18).  Particular consideration needs to be given to the first bullet point above, i.e., how to use PDFs as direct inputs to SDS models. This is a challenging issue and implies that SDS groups in WP2B.2 must keep abreast of relevant work, e.g., in RT1.  How to incorporate SDS outputs in the regional ensemble prediction system is discussed further in Section 6. 

5.5 Statistical downscaling tools

Discussions during the RT6 meeting held in June 2005 and subsequent email discussions with the RT co-ordinators, have identified a strong desire from applications users and others for statistical downscaling software tools as much as statistically downscaled scenarios themselves.  This move makes sense given the growing demand for regional climate scenarios for many diverse regions and impacts studies and is also consistent with recommendations from the STARDEX project (Goodess et al., 2005).

The WP2B.2 description of work for the first 18 months of the project includes development by INM and UC of a first prototype of a web service (deliverable D2B.4, month 18) for downscaling on seasonal-to-decadal timescales, using a clustering-based analogue method and other statistical and dynamical downscaling methods developed in the DEMETER project (Feddersen and Andersen, 2005; Gutiérrez et al., 2004; 2005).  See Appendix 1 for a brief outline of the prototype.  Initially focusing on Spain (now extended to Western Europe, 70-35N 10W-10E) and season-to-decadal timescales, the intention is to extend the web service to other regions and longer timescales during later stages of the project.

Shifting the emphasis of the WP2B.2 SDS work to meet this demand does, however, raise a number of issues and questions, including:

· The potential dangers of using SDS as a ‘black box’

· The need for user documentation and education

· The need to specify user requirements, especially output formats, in detail

· Can multiple SDS methods be combined in a single tool?

· Is it possible to incorporate more sophisticated data/computer intensive SDS methods (e.g., neural network methods) in such a tool?

· Does the prototype web service provide a suitable focus for SDS tool development, or are additional tools required?

· What predictor/predictand datasets should/can be incorporated in the tool(s)?

· What case-study regions should/can the tool(s) be tested in?

· How can SDS tools be combined with scenario generator (see Section 6) tools?

· For example, should techniques for weighting be included in the SDS tools – or only in scenario generator tools?

These are issues and questions that require detailed thought and technical discussion, e.g., involving user application groups in RT6.  Thus they will be addressed in months 13-30 as part of Task 2B.2.8, which will result in the production of deliverable D2B.15 at month 30 – a technical protocol for the construction of ENSEMBLES SDS and scenario generator tools.
6.  Probabilistic regional scenario construction and scenario generator tools

6.1  Methodologies for probabilistic regional scenario construction
The 5-year Task2B.2.c is the quantification and, where possible, reduction of the uncertainties related to the forcing emissions scenarios, inter- and intra-model variability (including their initial conditions), downscaling method and natural variability; and, incorporation of the uncertainties in probabilistic regional scenarios, and to detect and study changes in the observed and simulated series.  According to the DoW, new statistical methodologies for the quantification and incorporation of the uncertainties will be developed in order to construct probabilistic scenarios, and to detect and study changes in the observed and simulated series.  The latter will require quantification of natural variability using simulated and/or observed/reconstructed climate data.  The DoW gives examples of the methods to be explored:

· Monte Carlo sampling (e.g., UEA, NMA)

· Bayesian approaches, incorporating expert judgement (e.g., UEA)

· Reality Ensemble Averaging (ICTP)

· Objective reinterpretation of ensemble predictions (FIC)

· Quantification of natural variability (GKSS)

· Statistical model based on Generalized Linear Models (ETH)

· Scaling RCM and SDS output (METO-HC, NMA)  

Relatively few examples of probabilistic regional scenario construction exist in the literature (Allen et al., 2000; Benestad, 2004; Ekström et al., 2005; Stone and Allen, 2005; Tebaldi et al., 2004; 2005), and even fewer examples of their use in impacts studies (Luo et al., 2005; Wilby and Harris, 2005).  Thus the ENSEMBLES RT2B work offers the opportunity for leading developments in this area.

A starting point for the development of these methodologies will be the cross-RT session on ‘Model weighting for the construction of probabilistic scenarios in ENSEMBLES’ to be held on 5 September 2005 in Athens.  This session will start to address the following questions:

· Is weighting a necessary and appropriate technique?

· How should weights be calculated?

· How should weights be used to construct PDFs and other forms of probabilistic scenarios?

· Can weights from global and regional climate models and statistical downscaling, and for climate change and seasonal-to-decadal timescales, be combined?

· Can weights from impacts models also be combined?

· At what stage(s) should the weighting be applied in an integrated (from the coupled model, through the downscaling to the application model) prediction system be carried out?

· How can the performance of a weighted prediction be compared with an unweighted one?

An ENSEMBLES working paper will be produced after the session, summarising the discussion and, where possible, identifying recommendations and actions.  The latter should be consistent with the following recommendation from the ENSEMBLES kickoff meeting: 
Finally there will be a special discussion /coordination group convened to discuss how to deal with the development of probabilistic techniques for multi-model ensemble global, regional and impact climate models.  Filippo Giorgi (ICTP, Trieste) agreed to co-ordinate this group.

RT2B partners will take part in the Athens weighting session (which is organised by Clare Goodess, UEA) and will also participate actively in any broader discussion/coordination group set up on probabilistic techniques.

6.2 Output formats for probabilistic regional climate scenarios

While the need to move to probabilistic climate scenarios underlies the ENSEMBLES project, it must be recognised that this requires a major change in mind-set by scenario developers and users (Dessai and Hulme, 2003) and raises a number of issues and questions relating to output formats and accompanying documentation/information.

The kind of questions that arise are illustrated by the set of questions below that was put together by UEA, together with the University of Newcastle, UK Climate Impacts Programme and the UK Environment Agency, as part of CRANIUM (http://www.ncl.ac.uk/cranium/) project work on the communication of climate scenario uncertainty to industrial stakeholders:

1. What uncertainties should be represented in climate scenarios for impacts assessments? 

- what uncertainties can we reasonably expect to be represented in climate scenarios for impacts assessments? 



- and what underlying assumptions will still have to be made?



- what guidance can we provide to help users take account of       


uncertainty? 

2. Are probability distribution functions (PDFs) the best way of representing the uncertainties?  What are the alternatives?

3. Are industry approaches to climate variability sufficiently advanced to cope with new probabilistic information on climate change? Are there any examples of industry using (or preparing to use) probabilistic information on climate change?

4. How might industry make use of new probabilistic information:

-  what are the advantages and disadvantages, compared with non- probabilistic scenarios?

-  how important is synthetic time-series data? 

-  can climate change impacts be described in probabilistic terms?

-  how does this information fit with current decision-making processes and what changes to those processes will be needed?

-  how will users access the information? How can it be presented most usefully?

-  what communications/visualisation challenges and opportunities will this bring?

Within ENSEMBLES, Tim Carter and Stefan Fronzek prepared a methodological note on applying probabilistic climate scenarios to impacts models for the RT6 meeting in June 2005.  This note (which is for internal discussion within ENSEMBLES only at this stage) has been circulated to RT2B participants.  Three possible approaches for linking probabilistic information on future climate to impact models are proposed: a response surface approach (Jones, 2000), a multiple scenarios approach and a Monte Carlo approach.

Clearly there is a need for ongoing dialogue between the scenario developers in WP2B.2 and the applications users in RT6.

6.3 Regional scenario generator tools

From email discussions and during the RT6 meeting in Exeter, a strong desire for regional scenario generator tools (along with SDS tools, see Section 5.5) has emerged. Little discussion on the desired formats and capabilities of such tools has taken place so far, though outline suggestions include facilities for PDF and response surface generation (including joint probabilities, i.e., for two or more variables) and bias correction of model output fields.

Thus the planned WP2B.2 work for the month 13-30 period includes production of a detailed technical protocol for SDS and regional scenario generator tools (deliverable D2B.15, month 30).  It is evident that this will require considerable thought and discussion between RT2B and other ENSEMBLES participants, in particular RT6.  As part of this process, a questionnaire will be sent to potential users to help identify their detailed requirements for these tools.  Questionnaire results will be considered during the RT2B technical meeting planned for May 2006 and will feed into the protocol.  The latter will include details of how and when the recommended tools will be implemented beyond month 30.

7.  Downscaling on seasonal-to-decadal timescales

7.1 The need for downscaling on seasonal-to-decadal timescales

At the ENSEMBLES kick-off meeting in September 2004, the need for better integration of work on seasonal-to-decadal timescales in RT2B was raised as an issue to be addressed.  Thus UEA and a number of other RT2B participants (ARPA-SIM, INM, UC, FIC, ICTP) have been involved in discussions with relevant RT1/2A and RT6 participants about this issue.

An ENSEMBLES working paper on the need for downscaling seasonal-to-decadal (s2d) integrations in ENSEMBLES was produced by F.J. Doblas-Reyes and C.M. Goodess (available from the News section of the RT1 website).  As well as stressing the need for downscaling, the working paper outlines downscaling approaches, the data available to perform s2d downscaling and identifies a number of issues to be addressed in downscaling s2d simulations.  INM and LIV are, however, discussing the availability of data to allow extension of the web-based downcaling service (Appendix 1) to West Africa.

Further discussions on requirements for s2d downscaling were held during the RT6 meeting in June 2005, as part of which applications users identified their scenario data needs (Table 3).  While the list is not too demanding with respect to temporal and spatial resolution, target (predictand) data availability is likely to be an issue for some of the variables and areas.

WP6.3 participants also stressed a desire for tools to meet these downscaling needs – although it was noted that no such off-the-shelf tools currently exist.  Advice from RT2B on appropriate bias-correction methods was also sought. 

7.2  Meeting the need for downscaling on seasonal-to-decadal timescales

Following discussions with ECMWF and applications users in RT6, two RT2B groups have agreed to undertake dynamical downscaling at s2d timescales.  INM will use the RCAO RCM to downscale for Europe (with forcing from ECMWF, METO-HC and Meteo-France models), while ICTP will run RegCM for the Indian region.  The RCAO simulations will be archived by ECMWF.  Other details of these two sets of simulations, including their timetable, need to be agreed.

While the prototype web-service for downscaling will initially focus on s2d timescales (see Section 5.5 and Appendix 1), there is a need for more focused WP2B.2 work on these timescales.  Thus the dialogue with ENSEMBLES partners working on seasonal-to-decadal timescales initiated in the first year of the project will be continued and developed.  This will lead to the production of a joint RT2B/RT6 report on ‘Recommendations for the application of statistical downscaling methods to seasonal-to-decadal hindcasts in ENSEMBLES’ (deliverable D2B.9, month 24). This will build on the working paper and other details provided here (e.g., Table 3).  Many of the issues and questions on SDS tools raised in Section 5.5 are also relevant, as are the issues outlined in Section 6.  For example, can some method of weighting be implemented to reflect forecast quality as well as downscaling reliability?  Another issue which needs to be addressed is how to produce daily time series data.  Conventionally, s2d downscaling uses stochastic weather generators conditioned on downscaled monthly or seasonal time-averaged predictions, whereas many ACC downscaling methods use daily predictors to generate daily series (Goodess et al., 2005).   

Table 3: Downscaled scenario data required by each partner of WP6.3.

	Institution
	Variables
	Area
	Time Step
	Spatial resolution
	Target data

	ARPA-SIM
	T2m, Tmax

Tmin, Precip
	Northern Italy
	Daily
	25 km
	Yes

	JRC
	T2m, Tmax

Tmin, Precip

RH, 10mU

10mV, GlobalRad
	EU-25
	Daily
	50 km
	Yes

	EDF
	T2m, Tmax

Tmin, Precip

(10mU, 10mV)
	EU-25
	Daily
	50 km
	Yes, but not public

	LIV
	T2m, Tmax

Tmin, Precip
	Africa: West and Southern Africa
	Daily
	50 km
	No

	Reading
	T2m, Tmax

Tmin, Precip

GlobalRad
	Africa

India
	Daily
	50 km
	Yes


The main sections of the D2B.9 report will be (1) a review of the suitability of existing downscaling methods and (2) the modifications required for application to seasonal-to-decadal hindcasts. A key issue with respect to (2) is that s2d downscaling conventionally uses a Model Output Statistics (MOS) approach, while ACC downscaling is based on a perfect prog. approach (see Section 5.2).  If possible, the report will also include a test application using DEMETER (http://www.ecmwf.int/research/demeter) and/or RT1 pre-production run output (see Section 7.3).  The key contributors to this report from RT2B will be ARPA-SIM, UEA, INM, UC and FIC.  Principal contributors from other RTs will be ECMWF and UNILIV.

The amount of work that can be undertaken on s2d timescales is restricted by the relatively modest budgets of the downscaling groups in RT2B.  Thus ARPA-SIM propose to submit a Marie-Cure fellowship application on this issue in collaboration with INGV, also in Bologna.  An outline of the proposed work has been circulated to RT2B and other ENSEMBLES groups.  The issues which will be addressed include: the change of the approach used for SDS from a perfect-prog to a MOS approach; the extension of the method to produce probabilistic downscaled forecasts; the application of the results to new parameters, including those which are required as input by a weather generator; set up of a weather generator to produce the input fields for agronomic and agro-environmental models used within ARPA-SIM so as to produce seasonal forecasts of yield; extension of the SDS techniques to directly predict yield or hydrological fields so as to produce impact forecasts for both agronomy and hydrology; and, application of all of this to operational seasonal forecasts produced at ECMWF.

Application uses are an integral feature of ENSEMBLES work on s2d timescales.  JRC, for example, is happy to collaborate with WP2B.2 partners interested in using their daily 50 km European gridded data set (see Section 3.2.2) for downscaling s2d predictions. Any suitable downscaled output will be used to force the JRC crop growth model to create probabilistic scenarios for several crop yields.

7.3  Availability of ENSEMBLES seasonal-to-decadal simulations

Two sets of global s2d ensemble simulations will be performed.  The first set, referred to as the RT1 pre-production runs, will use three different forecast systems to estimate model uncertainty and has the following characteristics:

· Multi-model, built from ECMWF, Met Office, Meteo-France operational activities and DEMETER experience

· Perturbed parameter approach, built from the decadal prediction system (DePreSys) at the Met Office

· Stochastic physics, built from the stochastic physics systems developed for medium-range forecasting at ECMWF

· 1991-2001 hindcasts – available month 18.

The second set of simulations will be performed in RT2A, building on the RT1 experience.  These seasonal, annual and multi-annual integrations are due by month 48 and will have the following characteristics:

· new set of (ensemble) ocean initial conditions from ENACT and/or RT1

· production period 1960-2001

· 4 times per year, multi-annual hindcasts with the perturbed-parameter approach (HadCM3 or HadGEM).
More details about both sets of simulations are available from the RT1 website, including information about variables to be stored.  Output will be available from archives at ECMWF, with access either by the MARS system or a public DODS server.  RT2B has been consulted over the common set of variables to be stored.  Thus all the predictor variables required by INM and UC, for example, will be available.  

Given the timing of these simulations, WP2B.2 s2d downscaling activity will focus on the RT1 pre-production runs.  Work on modifying ACC SDS methods for these runs will have to take account of the following characteristics of the output, in comparison to ACC runs:

· larger ensemble size (7 GCMs and 9-member ensembles)
· relatively short training period (1991-2001)
· seven month hindcasts (2 per year) and 1 annual (12-13 month) run per year
In other respects, however, statistical downscaling on s2d timescales should be less challenging. In particular, the danger of over-extrapolation and concerns about stationarity should be less of a concern on these timescales than on the longer climate-change timescales.
8.  Future work
This document will be revised and extended over the coming months, based on discussions at the RT2B meeting on 6 September, ongoing email discussions, and discussions at the RT2B technical meeting planned for May 2006 (milestone M2B.7).

These discussions will focus on the most challenging issued identified here:

· modification of statistical downscaling methods for the construction of probabilistic regional climate scenarios;

· incorporation of these methods in statistical downscaling tools;

· development of tools for the generation of probabilistic regional climate scenarios based on statistical and dynamical downscaling; and,

· integration of work on seasonal-to-decadal timescales with that on anthropogenic climate change timescales.
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Appendix 1

Deliverable 2B.4. First prototype of Web Application for Downscaling

RT2B. INM, UC 
Antonio Cofiño cofinoa@yahoo.es
Bartolomé Orfila orfila@inm.es
José Manuel Gutiérrez gutierjm@unican.es
During the DEMETER project, two different algorithms were developed for downscaling seasonal multimodel forecasts to high-resolution end-users grids or stations’ networks. The basic features of these algorithms are:

· Analog downscaling method (clustering techniques): Generic algorithm for many variables: precipitation, insolation, wind, snow, hail, ... Requires local daily data from end-users (see Gutiérrez et al. 2004, 2005)
· Weather generators (CCA + weather generators): Specific algorithm for precipitation. Requires local monthly data from end-users (see Federsen and Andersen 2005).
In the deliverable 2B.4 of the ENSEMBLES project a web application will be developed allowing end-users to submit their own historical data to the web application, obtaining downscaled predictions for the desired periods on the desired locations (see Fig. 1). During this process the web application will only use the data to extract those features required for the downscaling algorithms. As a result, end-users will obtain an XML (or text) file with the downscaled data. The first prototype will only provide data from the DEMETER project (already stored in MARS at ECMWF) and will implement one of the downscaling methods developed in DEMETER. Western Europe will be the region of work for the first prototype (70N 35S, -10E 10W, see Fig. 2). Therefore, any ENSEMBLES user with local data from a high-resolution observations grid or network will be able to downscale their data in a transparent form interacting with a web browser.
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Figure 1. Diagram of the downscaling web service illustrating how end-users working on European regions will be able to obtain downscaled data from RT2A and RT3 predictions using statistical downscaling methods developed in the ENSEMBLES project. Blue shading shows the elements to be implemented in the first prototype (predictions and downscaling methods already developed in DEMETER project http://www.ecmwf.int/research/demeter/).
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Figure 2. Region of work for the first prototype of the downscaling web service.
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