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1 Introduction (extracted from MoU)

All mesoscale models have to simplify the effects of a variety of atmospheric processes through parametrization. Typically, parametrization schemes have to simulate the effects of:

· Surface fluxes (and, as a result, some sub-surface processes such as heat, moisture and momentum transport);

· Aggregation of these fluxes;

· Atmospheric radiation;

· Cloud processes including cloud and precipitation microphysics;

· Sub-grid flows such as turbulence within and outside the boundary layer, shallow and deep convection and gravity waves.

Many individual schemes have been developed to treat these processes, usually with reference to detailed experimental results from the field and/or using highly detailed reference models (such as Large Eddy Simulation), but compromises must always be made between cost and accuracy. In many real mesoscale flows, furthermore, the interaction between these processes may be of considerable importance, so it is often not sufficient to test individual components. 

Different modelling philosophies exist. Some models use a single set of parametrizations, perhaps with small variations of parameters allowed, which may have been carefully tuned to work well together in the applications envisaged. In contrast, other models provide a wide variety of alternatives, with the advantage that different selections may work well in different circumstances, and the disadvantage that a great deal of work is required to establish which options work well together, and none have been especially designed to work in combination. 

Similarly, some approaches are simpler than others, in the sense that they require fewer prognostic equations to describe the atmosphere, though added complexity, and with it, added degrees of freedom and additional parameters, does not guarantee added accuracy. Furthermore, physical parametrizations have to be coupled to numerical solutions of atmospheric dynamics; both the nature of the coupling and the dynamics can have a significant impact on performance. 

The overall aim of WG1 will be to provide a framework within which the state of the art of physical parametrization in mesoscale models can be advanced, with particular application to air pollution and dispersion applications. The integration of modules will be considered within WG2 and the performance of models as a whole will be covered in WG4; WG1 will cover purely the individual physical parametrizations and their interactions. To achieve this aim the following activities are planned within WG1:

1. Extension of the model database established during the planning phase to include detailed documentation of physical parametrizations used within each model. This documentation will, where possible, include discussion of design criteria, applicability (e.g. to model horizontal or vertical resolution, specific flow regimes) and expected limitations. 

2. Documentation of methods and reference data that have been used to construct or validate individual model components. Where possible, data, or references thereto, will be made available to European model developers for comparison.

3. Documentation and, more importantly, classification of known applications of mesoscale modelling applications in air quality and dispersion with respect to important physical processes. 

4. Identification of priorities for general and specific applications in air quality and dispersion. For example, treatments of deep convection are probably not of general importance to the nocturnal, urban, boundary layer but may be in very specific situations.

5. By reference to existing results, establish the strengths and weaknesses of current approaches and common successes or failures (if any). This work will feed into WG4, and the model validation datasets established within WG4 (from, e.g. FUMAPEX, COST715, CITY-DELTA, ESCOMPTE, MESOCOM) and elsewhere (e.g. the EUMetNet Short Range Numerical Weather Prediction programme, SRNWP) will also be reviewed to highlight which model parametrizations are thought to be most critical in each case.

6. Establish areas of parametrization which are universally poorly treated in comparison with requirements for air pollution and dispersion applications.

The internet, reports and papers will be the primary tools for delivering outcomes from these activities, and it is anticipated that sites will remain live well beyond the lifetime of the Action as new documentation, results and datasets are added. 

1.1 Inputs to the Activity 

Inputs to the activities will be information on individual physical parametrization schemes from model developers, data- and/or metadata-sets describing reference physical or numerical results, and results from sensitivity or tuning experiments. Results from WG2 will also be used to link, where possible, performance of parametrization schemes to outputs required by transport models.

1.2 Deliverables

Key deliverables of WG1 will be:

1) Overview of physical parametrization schemes used within mesoscale models and their availability in specific models.

2) Establishment of a database of parametrization test data and results or references thereto and mechanisms for developers to use and add to this database.

3) Establishment of agreed ranges of applicability, strengths and weaknesses of existing parametrization schemes based on documented and reviewed experience.

4) Establishment of areas requiring further research and development common to all models to improve application to air quality and dispersion modelling, and proposals for future R&D.

2 Overview

Any mesoscale meteorological computation has the following components:

1. Configuration: domain and grid(s).

2. Initial and boundary atmospheric data, and means to transform onto the model variables and grid.

3. Initial sub-surface data or surface boundary conditions (depending on model construction) and means to transform onto the model variables and grid.

4. Ancillary model data, such as land-use, orography, and means to transform onto the model variables and grid.

5. Model code comprising:

a. Model dynamics – numerical implementation of an adiabatic equation set.

b. Model ‘physics’ – numerical implementation of parametrized processes, generally diabatic forcing.

c. A solution technique, which includes coupling dynamics and physics.

6. Generation of output diagnostics for downstream use, for example, in a chemical transport model (CTM).
Each of these components influences the outcome, though some are more important in some circumstances than others (and vice versa).  Before meaningful comparisons between models can be made all of the above must be known. If at all possible, when assessing the impact of any one component, others should be held fixed, though in practice this is often not possible as models are designed as a total system.  Each of these areas can be expanded as follows:
2.1 Configuration

1. Domain

2. Resolution (horizontal/vertical)
3. Nesting and nesting methods (one-way, two-way, variable resolution).

2.2 Initial and boundary data

1. Source model (if any).

2. Source observational data (none, conventional surface (which variables?), conventional upper air, satellite soundings, satellite winds, profilers, rainfall radar, aircraft).

3. Data assimilation technique(s) (none, nudging, incremental/non-incremental 3D/4D VAR, EnKF, ‘physical’ (e.g. LHN)).

4. Transformation techniques from source data to mesoscale model variables and grid.

5. Forcing method (forecast LBCs, dynamical adjustment to analysed LBCs, relaxation to analyses, continuous observational data assimilation).

6. Initialization technique (none, NLNM, digital filter, Jb, nudging of data or analysis).

2.3 Initial sub-surface data or surface boundary conditions

1. Source of soil/substrate temperature data (if needed) – climatology, analysis, guess, coupled model.

2. Source of soil/substrate/surface moisture (if needed) – climatology, analysis, guess, coupled model.

3. Source of sea-surface temperature (if needed) -– climatology, analysis, guess.

4. If prescribed surface fluxes used, where from?
2.4 Ancillary model data – source data and how processed

1. Orography.

2. Sub-filter orography.

3. Land/sea mask.

4. Land-use, characteristic parameters for surface types, point-by-point data. Time dependency, interactivity on short and long timescales. Very dependent on model.
5. Soil characteristics. Very dependent on model.
6. Gaseous composition (e.g. stratospheric ozone, CO2, CFCs) for radiation.
2.5 Dynamics
1. Continuous equation set (Shallow/deep, compressible/Boussinesq/quasi- Boussinesq, hydrostatic/non-hydrostatic).

2. Discretization (variables, grid, base-state/no base state).

3. Advection (Eulerian (method?)/Semi-Lagrangian).

4. Physics/Dynamics coupling. (parallel/sequential/symmetrized….).
5. Solution technique (Explicit/Split Explicit/Semi-Implicit) – includes timestepping.
2.6 Model ‘Physics’ (Parametrizations)
1. Sub-surface heat and moisture transport.

2. Surface fluxes of heat, moisture and momentum. Includes any canopy/roughness sub-layer treatment.
3. Aggregation of these fluxes over heterogeneous surfaces.
4. Atmospheric short and long wave radiation (two-stream, 1D, 3D, cloud treatment, interactions with surface scheme,
5. Sub-grid flows such as turbulence within and outside the boundary layer, shallow and deep convection and gravity waves. Often separated into:

a. Boundary layer turbulence (Local/non-local, 1st, 1.5 or 2nd order, 3D/1D, moist/dry, regime dependence)

b. Non-boundary layer turbulence.

c. Shallow convection.

d. Deep convection.

e. Drag due to unresolved orography (may come under 2. orographic drag, gravity wave drag).

6. Cloud condensation (may be linked to 6).

7. Cloud microphysics (prognostic/diagnostic variables used, transformation rates, advection schemes).
2.7 Output diagnostics relevant to CTMs

1. Surface parameters (e.g. resistances, deposition velocities).

2. Cloud parameters.

3. Radiation parameters.

4. Winds!

5. Turbulence.
3 Tasks

The first year will be spent jointly constructing a questionnaire. This (and other knowledge) will be used as source material to identify specific parametrization schemes, the models they are used in, and a list of users.
3.1 Stage 1: Identification of parametrization schemes
List of schemes, related models and users.
3.2 Stage 2: Compendium of documentation
Web resource – copies of or links to available scheme documentation.
‘Research’ schemes (unpublished) – identify possible contributors.

3.3 Stage 3: Overview
Generate digest of schemes (complexity, applicability, users, parameter requirements).

3.4 Stage 4: Performance

Existing and on-going comparisons

· Real world.

· Idealised.

New comparisons

· Available real world data.

· New idealised problems.

4 Interested COST 728 MC Members (from EOCs)
	Name
	Country
	Interest
	Particular model experience

	Peter Clark
	United Kingdom
	All aspects of parametrization but especially urban SEB, turbulence and deep convection.
	UM

	Alexander Baklanov
	Denmark
	Urban Surface Layer, PBL Height
	HIRLAM

	Barbara Fay
	Germany
	All parametrization, performance, sensitivities and needed improvements to interfaces.
	LM

	Cecilia Soriano
	Spain
	Extension of model database to include model parametrizations. 
	MEMO, MM5, TAPM

	Dag Bjørge
	Norway
	Surface, sub-surface and turbulence. Snow.
	HIRLAM, UM, MM5

	Ekaterina Batchvarova
	Bulgaria
	Surface exchange and aggregation, identification of universally weak parametrizations, classification of applications. 
	

	Gertie Geertsema
	The Netherlands
	Evaluation and initialisation of parametrizations. Sensitivity analysis. Model assessment in complex weather systems.
	HIRLAM

	Jacek Kaminsky
	Canada
	Application of GEM to air pollution
	GEM

	Joanna Struzewska
	Poland
	Model sensitivity in episodic situations, boundary layer parameters for dispersion.
	MC2/GEM

	John Bartzis
	Greece
	PBL parametrization, esp. urban areas
	ADREA, UAM-IV, MM5/CMAQ

	Heinke Schlunzen
	Germany
	Sub-grid land use parametrization, identification of weaknesses.
	METRAS, MITRAS

	Karel Kozel
	Czech Republic
	Turbulence and surface exchange
	Own (name?)

	Kostadin Ganev
	Bulgaria
	Dry deposition parametrization
	

	Maria Tombrou Tzella
	Greece
	Urban BL, parametrization weaknesses.
	MM5, CALPUFF, UAM, REMSAD, CAMx, GEOS-CHEM

	Marko Kaasik
	Estonia
	Surface layer parametrization
	SILAM

	Millan Millan
	Spain
	PBL at coastal sites, model configurations for complex flows.
	

	Ranjeet Sokhi
	United Kingdom
	Configuration of Met-CTM models. PBL evaluation and parametrization for urban areas. Sensitivity analysis for typical and extreme conditions.
	MM5/Models 3

	Sami Niemele
	Finland
	Convection, microphysics
	HIRLAM

	Timo Vihma
	Finland
	Stable BL, heterogeneous surface fluxes, coastal environment, sea ice.
	HIRLAM, MM5

	Ulrike Petchinger
	Austria
	Evaluation of parametrization schemes. Interfaces with Lagrangian transport model.
	ALADIN, FLEXPART


19 people, 13 Countries.
4.1 Groupings of WG1 members

To make best use of the database information we need to harness the expertise of WG members. This will be done by forming sub-groups to cover specific tasks:  
4.1.1 Groupings by parametrization area

These groups will summarise and synthesise information from users. We need volunteer sub-group coordinators.

4.1.2 Groupings by model

Many of the models in the database will be used (often in a different form) by WG members. We shall form sub-groups containing all members with experience of a specific model. These groups will review input from users of models they are familiar with. This will help to reduce data (e.g. are two different references to same scheme, are references to same scheme using different versions?) Models used by a single representative will have a sub-group of one (who won’t do much). However, these sub-groups will act as expert input to the parametrization groups.
4.1.3 Groupings by application area

We need to extract information from experience gained from existing applications. There may be benefit to be gained by grouping together people with similar application area interests. However, this needs discussion as applications intersect (e.g. urban, coastal, SBL).

5 Additional activities

The following specific activities are proposed.

· A workshop on urban SEB.

· Publication of synthesis as on-line report.

· Definition of idealised problem for model inter-comparison

· E.g. quasi 2D rural/urban/rural transition in uniform geostrophic wind through diurnal cycle? Vary length (and type) of city, and geostrophic wind (has this been done?)

Any more ideas?
6 Sub-Groups on Parametrization Areas
6.1 Surface exchange and Surface energy budget (includes sub-surface and aggregation)

In view of the strong interest in urbanization, this has been separated
6.1.1 Urbanization

	Name
	Country
	Model expertise

	Peter Clark
	United Kingdom
	UM

	Alexander Baklanov
	Denmark
	HIRLAM

	Barbara Fay**
	Germany
	LM

	John Bartzis
	Greece
	ADREA, UAM-IV, MM5/CMAQ

	Heinke Schlunzen
	Germany
	METRAS, MITRAS

	Maria Tombrou Tzella
	Greece
	MM5, CALPUFF, UAM, REMSAD, CAMx, GEOS-CHEM

	Ranjeet Sokhi
	United Kingdom
	MM5/CMAQ


6.1.2 General surface exchange
The above plus:
	Name
	Country
	Model expertise

	Dag Bjørge
	Norway
	HIRLAM, UM, MM5

	Ekaterina Batchvarova**
	Bulgaria
	

	Karel Kozel
	Czech Republic
	Own (name?)

	Kostadin Ganev
	Bulgaria
	

	Marko Kaasik
	Estonia
	SILAM

	Timo Vihma
	Finland
	HIRLAM, MM5


6.2 Boundary layer and turbulence
	Name
	Country
	Model expertise

	Peter Clark
	United Kingdom
	UM

	John Bartzis**
	Greece
	ADREA, UAM-IV, MM5/CMAQ

	Dag Bjørge
	Norway
	HIRLAM, UM, MM5

	Millan Millan
	Spain
	

	Timo Vihma
	Finland
	HIRLAM, MM5


6.3 Convection, Clouds and microphysics

	Name
	Country
	Model expertise

	Peter Clark
	United Kingdom
	UM

	Sami Niemele**
	Finland
	HIRLAM


6.4 Radiation

None

6.5 Overall Evaluation

	Name
	Country
	Model expertise

	Peter Clark
	United Kingdom
	UM

	Barbara Fay
	Germany
	LM

	Cecilia Soriano
	Spain
	MEMO, MM5, TAPM

	Gertie Geertsema
	The Netherlands
	HIRLAM

	Jacek Kaminsky
	Canada
	GEM

	Joanna Struzewska
	Poland
	MC2/GEM


7 Stage 1 and 2 plans
7.1 Stage 1: Information gathering
Once the COST 728 database is reasonably populated, the next task is to identify precisely which parametrization schemes are used by each user/model combination (bearing in mind that some models offer multiple schemes, and some users have modified standard schemes). Each parametrization group will identify a coordinator (suggestions above) and allocate each user/model combination to a member of the group (the information gatherer). Hopefully, most models in the database will be covered either by a group member or a COST 728 member who can provide expertise. The information gatherer will be responsible for establishing information for each user/model combination they are responsible for on the parametrization area of their group. Hopefully, this information will be generic and easily obtained from the database or a COST 728 member, however, failing this the information should be obtained by contacting the user (we should probably coordinate this). In summary:
1. Parametrization group identifies coordinator.

2. Coordinator agrees allocation of user/model combination in database to group member (information gatherer).

3. Each information gatherer obtains detailed information from user relevant to parametrization. Information sources are:

a. Database entry (including references and documentation).

b. Own expertise.

c. Other COST 728 members.

d. User.

4. Information gatherer synthesises information into either a document or links to publicly available and supported websites (i.e. this documentation must have longevity).

Target date for gathering information: June 2006

7.1.1 Information to be gathered for each user/parametrization combination

1. Name of parametrization.

2. Scientific documentation for version actually used. Either electronic documents, published paper references, public, maintained web links. The documentation must be accessible to the general reader. Scientific notes about modifications to standard schemes will be acceptable but these schemes will be labelled ‘development’.
3. If possible, a brief summary of the scheme (e.g. basic assumptions, level of complexity). The intention is that these will be modified by the coordinator to create a more coherent description.

4. Any applications which have 

a. Directly compared aspects of the scheme with observations.

b. Applications which have compared the scheme with others.

c. Any ‘idealised’ use of the scheme.

d. Any information on known strengths and weaknesses. This should be supported by references.
7.2 Stage 2: Web resource

Once a first phase of detailed information has been gathered, it will be supplied to the coordinator who will collate it and create a suitable web page under the COST 728 website (with assistance from the web site programmer). 

The main role of the coordinator is 

1. Maintain list of user/model combinations and allocated information gatherer, liaising with the information gatherer as necessary. Hopefully, not too much chasing will be needed!

2. Gather information from each provider to produce a reasonably uniform web resource. (Keep it simple, and show everyone what’s already been done).

3. Start to develop a classification scheme. (In many cases this either already exists, or is obvious, e.g. PBL schemes (order, prognostics) and microphysics (prognostics, moments) but in some cases the working group will need input.

4. Start to cross reference information such as intercomparisons.
Target dates for web resource: Skeleton page by June 2006, populated by Dec 2006.
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