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Introductory

The new strategy for development of a new generation integrated Meteorology (MetM) and Atmospheric Chemical Transport (CTM) modelling systems for predicting atmospheric composition, meteorology and climate change became more and more perspective in the future. This combination is reasonable due to the facts that: (i) meteorology is a main source of uncertainty in air pollution and emergency preparedness modelling, (ii) complex and combined effects of meteorological and pollution components on human health (e.g., hot spots in July of 2003 in Paris, France), (iii) effects of pollutants, especially aerosols, on climate forcing and meteorological phenomena (precipitation, thunderstorms, etc.). So, this way of the integrating modelling could be beneficial for model improvements in both communities: NWP and atmospheric environment forecasting. 

To discuss this strategy on the European level the COST-728/NetFAM workshop on "Integrated systems of meso-meteorological and chemical transport models" was organised at the Danish Meteorological Institute (DMI) in Copenhagen on. 21-23 May 2007 (the workshop web-site is http://netfam.fmi.fi/Integ07 ). Within the workshop a special section ‘HIRLAM/HARMONIE-ACT models integration’ was arranged on Tuesday 22 May. 

The main idea of the section is to get together for HIRLAM NWP and ACT modellers, discuss and build our joint strategy for developing integrated system(s) based on HIRLAM.

The HIRLAM consortium and ACT modellers in HIRLAM-organisations have some interest and initiatives in such integration, but they work separately and have very low level of coordination and cooperation. 

There are also several attempts in this direction, including the following. 

DMI is actively working with development of the on-line integrated system Enviro-HIRLAM, considering aerosol forcing mechanisms, etc.

Most of HIRLAM-members institutes are using national HIRLAM NWP outputs as meteo-drivers for their ACTP modelling and air quality forecasting activities. They already have attempts to build off-line integrations of HIRLAM with own ACT models (CAC, Chimere, DERMA, EMEP, MATCH, SILAM).

Such work was also included in the HIRLAM-A development plan (S4.10/4.5 Task: Coupling with atmospheric chemistry).

The 'Integration' WG2 in COST 728 involves 5 HIRLAM-member institute representatives (DMI, FMI, Met.no, SMHI, Estonian Tartu Univ.), and they are willing to consolidate and coordinate joint efforts in this work for coupling HIRLAM with ACT models.

Possibilities for improving the use of Hirlam in ACT and ACT results utilizing in HIRLAM for NWP imrovement.

Online and offline coupling

The integration/coupling of the HIRLAM NWP and ACT models could be realized by different ways using the online and offline modelling approaches (in more details the definition and specifics of the approaches are discussed in AB presentation/abstract on the web-site). It could be realized for HIRLAM using the following variants.

One-way integration (off-line): 

1. HIRLAM meteo-fields as a driver for ACTM (this way is used already by many air pollution modellers);

2. ACTM chemical composition fields as a driver for R/GCM (e.g. for aerosol forcing on meteo-processes, it could also be realized for NWP, e.g. HIRLAM).

Two-way integration: 

1. Driver + partly feedbacks, for ACTP or for NWP (data exchange with a limited time period coupling: off-line or on-line access coupling, with or without second iteration with corrected fields);

2. Full feedbacks included on each time step (on-line coupling). 

There is a clear difference in needs for the online coupling of chemistry transport models and the offline coupling. For the offline coupled models it would already be good to improve the meteorological quality, especially in fair weather conditions (claim: too little attention to these conditions, focus on extremes) and to include parameters that can be used directly in offline coupled models and that are important for processes like rainout. (AB commence: we have to remember that the couplings can be done in 2 directions: not only from NWP to ACTM, but also from ACTM to NWP, see above). 

For the online coupling it would be good to have a more modular setup of Hirlam to make it easier to plug in the chemistry modules. Also the convection and condensation schemes need to be adjusted to take the aerosol-microphysics interaction into account. Finally, also the radiation scheme needs to be adjusted to include the aerosol effect.

In more details the advantages and disadvantages of the online and offline modelling approaches are described in AB presentation/abstract on the web-site (it could be included here if reasonable).

Improvements in meteorology and output

Meteorological:

· PBL height (h), especially in very stable conditions (when h can be < than the lowest model level) and over inhomogeneous surfaces (like urban or forest areas), where internal boundary layers play important role and request using prognostic equations for PBL height

· Inclusion of urban characteristics (only for high resolution, important for stable conditions and weak winds)

· Improve surface drag over forest and city. Recent studies show that it may be twice as strong as currently in the models. Diagnostic estimation of U10m and T2m over urban areas should be improved.

· Inclusion of aerosol and microphysics interaction.

Chemical species influencing the weather:

- All greenhouse gases warm near-surface air.

- Aerosols: sea salt, dust, primary and secondary particles of anthropogenic and natural origin. 

- Some aerosol particle components warm and others cool the air. Warm the air (by absorbing solar radiation and thermal-IR radiation): 
black carbon, 
iron, aluminium, polycyclic and nitrated aromatic compounds. Cool near-surface air (by backscattering incident solar radiation to space): water, sulphate, nitrate, most of organic compounds.

- Different mechanisms of aerosols and other chemical species effects on meteorological parameters (direct, indirect effects, …).

- Sensitivity studies are needed to understand the relative importance of feedbacks. First experience of ENVIRO-HIRLAM indicate some sensitivity to effective droplet size modification in radiation.

Output from HIRLAM to ACPM:

· Time averaged parameters (wind, temperature, cloud, precipitation, cloud top and bottom)

· Cloud top and bottom, Convective cloud top and bottom, Convective mass flux (if available)

· Stability parameters (MOL, W*)

· PBL height as an output 2D field

· Availability of the same physiography data base for surface, atmosphere and chemistry, depending on applications.

Importance of data-assimilation and problems with DA for chemistry

Data assimilation is important for daily chemistry forecasts, but it also is a challenge. At the moment there are much fewer stations with chemistry observations than meteorological observations, and the observations of these stations may not always be available in real time. Also, the gradients in chemical species often are very sharp, which the current observation network and data assimilation schemes are not capable of representing. And last but not least, it is difficult to determine the assimilation increments with so many possible species and so few detailed observations. This is why ECMWF has limited the chemistry in their model and data assimilation to 5 species (in addition to the cost in computer power).

The adjoint modelling technique is a good instrument to improve on the climatological emissions that are currently used for many species. 

Short term perspectives and long term plans

1) In the very short term it may be possible to include the parameters that are requested and that may improve the offline coupling for ACTMs purposes. Here we are thinking about the average fields (accumulated) of wind components, temperature, specific humidity, cloud water and turbulent kinetic energy, and the parameters like 2D fields of cloud base and cloud top (to accurately determine where the scavenging is taking place). In addition some measures of stability (like the Monin-Obukhov Length, PBL height, etc.) could also be included. The things in this part may already be included in Hirlam version 7.2, which should be released in the autumn of 2007.

2) The vertical structure of PBL and SL is very important for ACTMs, so increasing the vertical resolution and improved parameterizations of BL are necessary. The meteorological improvements are already worked on for some aspects (stable PBL) and the urban characteristics should be included in the new surface scheme. When this scheme is ready, the probably not too large changes necessary for this will be included in the scheme. In the meso-scale model the urban parameterization already is available (Town Energy Budget in SURFEX).

3) At the moment the microphysics aerosol interaction is included in a very simple way in the convection schemes, where the cloud condensation nuclei have a lower concentration than over land. Here it would be very interesting and probably relatively easy to include the aerosols from a CTM. The use of aerosol may be prepared by making a 3D field of aerosol that has the characteristics of the currently prescribed values, then the extension to a real 3D distribution of aerosols that can interact with the microphysics is relatively straightforward. 

4) Off-line way of integration with reading ACTM output files by HIRLAM (see above the ‘One-way off-line integration’ #2) can also improve the NWP if aerosol feedback mechanisms are incorporated into HIRLAM. However, this way could be too expensive if ACT forecast is available. For example, some tests can be done using the CAC, DERMA, EMEP or MATCH models. SMHI will test the OASIS4 coupler software for this work. 

5) ENVIRO-HIRLAM gives a good perspective for the future and it is a good candidate for inclusion in the reference system, however the online coupling to the Hirlam model is more long-term work (not for Hirlam 7.2). It may be quite straightforward if e.g. the ENVIRO-HIRLAM parts can be included in the reference as an option. It can only be included as an option because it may be too expensive for operational use. It would be good to start with a separate HIRLAM-CHEM branch as soon as possible.

6) Organisation of an initial working group (from HIRLAM and ACTM representatives from different Hirlam-countries) for further HIRLAM-ACTM integration work and a sub-program (not completely inside the HIRLAM-A plan) for the ENVIRO-HIRLAM/HARMONIE (on-line and off-line versions) development cooperation.

Action 1 can be included in the work before the release of Hirlam 7.2, action 2 is dependent on the progress of the surface scheme work, Action 3 may be planned for Hirlam 7.3 and Action 5 is dependent on the scale of the work and the way ENVIRO-HIRLAM is set up.

Other next practical steps

· Preparation of discussion paper about integration of NWP and ACT models for HIRLAM - HARMONIE management, to form a starting point for further planning.

· Reporting ENVIRO-HIRLAM development progress, strategy and comparative analysis of on-line vs. off-line coupling and model runs with vs. without aerosol feedbacks. 

· Report and further work within WG2: ‘Integration’ in COST 728 involving 5 HIRLAM-member institute representatives (DMI: A. Baklanov, FMI: M. Sofiev, Met.no: V. Ødegaard, SMHI: V. Foltescu, Tartu Univ.: A. Männik, …). 

· Meeting/training course about fine-scale integration aspects within NetFAM 2009.



