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1. Introduction
Air quality modelling at met.no consists of three different systems, all coupled off-line to our numerical wesather prediction
models. Theseare: 1) a nuclear emergency system, 2) an urban air quality forecasting system and 3) along-term air quality

chemical trangport mode! routinely used in Europeto determinetransboundary pollution fluxes.

Thefirst system, the “ Severe Nuclear Accident Program” (SNAP) model was developed at met.no to allow emergency risk
assessment (Saltbones et al., 1995, 1998). Thisis a Lagrangian particle model transporting gases, noble gases, particles of
different size and dengity. The modeled processes are advection and diffusion by random walk, dry deposition with
gravitational settling velocity parameterization for particles and wet deposition as function of size and precipitation for
particles. Themodd is operated by forecasters and the Norwegian Radiation Protection Authority in case of nuclear accident.
It runs on meteorological input from operationd HIRLAM (10 and 20 km horizontal resolution) and from ECMWF

(Bartnicki et al., 2005).

The second system, the urban air quality information system runs operationdly at met.no and consists of the chemica
dispersion model AirQUIS developed a Norwegian Ingtitute for Air Research and the non-hydrostatic NWP modd MM5in
1km horizontal resolution nested in HIRLAM (Bergeet a., 2002). AirQUISis a Eulerian gridpoint mode with point source
emissions, line source emissions and area source emissons. The prognostic components of the modd are PM,,, citiesin
1x1km horizontd resolution in both meteorologica and air quality mode!. It is used PM, 5 and nitrogen dioxide (NO,) The
system runs daily 48 hours forecasts for 6 Norwegian cities, with main focusin forecasting urban air quality during winter
season. Thecities under study are located in low elevated areas surrounded by hills and mountains. Winter time inversions
inhibit ventilation of pollution and thus main exceedances of critical pollution levels occur in Norway during winter. The

forecagtsare distributed to end-users vianewspapers, mobile network and internet.

Thethird systemis the chemical transport model supporting the modding work under under the Co-operative programmefor
monitoring and evaluation of the long transmission of Air Pollutantsin Europe (the EMEP programme). The model used, the
EMEP Unified modd is developed at met.no for simulating atmospheric transport and deposition of acidifying and

eutrophying compounds, aerosols as well as photo-oxidants over Europe. The model is a multi-layer Eulerian modd and is



now flexible with respect to the choice of horizonta grid projection, domain and resolution. The modd can thus be run at
local, regional, hemispheric and globd scale. Typicaly, the modd simulates one year period of the transport and the current
results of the regional modd runs are available for the years 1980, 1985, 1990 and each year from 1995 to 2004. The EMEP
Unified in operational configuretion is the regional version that uses presently HIRLAM PS, a dedicated version of
HIRLAM, which has been frozen for last 10 years and runs on a polar stereographic grid with 50km resolution and a mode!
domain that covers Europe and the Atlantic Ocean. In vertical, the model has 20 sigma layers reaching up to 100 hPa.
Approximately 10 of these layers are below 2 km to obtain high resolution of the boundary layer. The polar stereographic
projectionis historicaly bound to the EMEP reporting grid for emissonsover Europe. A detail description of the modd can
befound at Smpson et a., 2003 and validation results are available at Tarrason (ed)., 2003. The EMEP model isalso run at
regiond scale in forecast mode with input from ECMWF Integrated Forecasting system (IFS). Initid results from these
forecasts that have been running for 10 months are under evauation and will be reported in due time. The hemispheric and
global versonof themodd arerun respectively on ECMWF ERA dataand ECMWFIFS archived data. A summary of the

model performancein hemispheric and globa scale can befound at Jonson et al., 2006 and Jonson et al., 2007.

2. Offdinecouplingof meteor ological and chemical trangport models

The SNAP modd runs with input from available operationd HIRLAM, at present the version running on 20km horizontal
resolution provides a sufficiently large domain for SNAP. The most important meteorologicd input is 3-D wind fields and
precipitation. The time resol ution for meteorological input is 3-hourly in operationd applications, but 1-hourly data has been

used for the historica smulations.

The AirQUIS modd runs with input from MM5 in 1-hourly time resolution. The transferred 2-D surface parameters are
precipitation, total cloud cover, mixing height and surface temperature. 2-D parameters from lowest modd level are
temperature, dew point temperature, relaive humidity and the vertical temperature gradient. The horizonta wind isthe only
3-D parameter used. A horizontd interpolation from polar stereographic grid to utm is taking place. At present no vertical
interpolationis done. Thevertical levelsin AirQUISare defined to beidentical to the levelsin MM5. A meteorological pre-
processor cal culates dispersion parameters based on Monin-Obukhov similarity theory. The constant parameters topography

and surface roughnessare taken from the meteorological modd!.

The Unified EMEP models uses the 3-D fields horizontal and vertica wind, specific humidity, potentia temperature cloud
cover and precipitation. The transferred surface 2-D fieldsfor usein the chemica transport mode! are: surface pressure, 2m
temperature, surface flux of momentum, sensible and latent heat and surface stress. All variables are in 3-hourly resolution.
Table 1 ligts the varidbles and their main purpose in the EMEP model. Inside the EMEP model different boundary layer

parameterslike stability, eddy diffusion and mixing height are cal cul ated based on similarity theory.



Parameter | Unit |Description M ain Purpose

3D fields - for 20 alevels

u,v mls Wind velocity components  |Advection

q kglkg  Specific humidity Chemical reactions, dry deposition
& s~ |Vertical wind in ecoordinates vertical advection

g K Potential temperature Chemical reactions, eddy diffusion
CL %  Cloud cover W et removal, photolysis

PR mm Precipitation W et and dry deposition

2D fields - for Surface

Ps hPa Surface pressure Surface air density

T2 K Temperature at 2m height Dry deposition, stability

H W m —2 Surface flux of sensible heat  Dry deposition, stability

T M m ~2 Surface stress Dry deposition, stability

LE W m ~2 Surface flux of latent heat Dry deposition

Table 1. Variablestransferred fromHIRLAM to EMEP(from Smpsonet al., 2003)

3. Evaluationof urbanair quality forecagts

Regular forecasts are produced with MM5/AirQUIS. The meteorologicd and the air quality forecasts are evaluated against
observations and reported on a yearly basis. Summary statistics and case studies are produced. In Figure 1 forecasts for the
air quaity station Alnabru is compared to air quality observations at Alnabru and to meteorological observations at the two
closest stations Valle Hovin and Blindern. The missing pesk in the NO, forecasts is not caused by errors in the
meteorological forecasts. However the air quality monitoring station is not located together with the meteorologica station.
Neither does the meteorologicd station measure al the parameters that go into the air quality modd. Observations of

inversionlayer arelimited to measurementsof temperaturein 2 and 25 min the presented case.
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Figure 1. Observations (black) and model forecasts of NO,, wind speed, 2m temperature and wind direction (left), and
forecast error for NO, wind speed and 2m temperature (right) at two different observetions sites. Forecasts
(red) and observations (black) of vertical temperature gradient 2-25m (bottom right) (from @degaard et al.,

2004).



Experiments have been performed to address the error made by the pre-processor in AirQUIS. Figure 2 showsthe resulting
NO2 forecasts from AirQUIS using dispersion parameters caculated by the pre-processor compared to AirQUIS using

dispersion parameters cal cul ated by the meteorological model MM5.
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Figure 2. NO2 forecasts from AirQUIS using surface fluxes (l€ft) and eddy diffusivities (right) from pre-processor (black)

and from MM5 (blue) compared to observations(red) (from Serdal and @degaard, 2005)

Both in the pre-processor and in MM5 the dispersion parameters are cal culated using Monin-Obukov similarity theory. The
differenceis therefore dueto atimestep update of the parametersgoing into the parametrization schemerather than an hourly

updatein the pre-processor. Thefigure showsthat this differencehasvery smal impact on theresults.

4. |ssuesto consder for NWPmodesprovidingdatafor air pollution models

All air pollution modeling systemsat met.no are presently developing to include other types of meteorological driversat finer
resolution. For instance, a small scale SNAP version for simulating local effects in the range of 30 -50 km is planned for
2007. Further a couplingto UK Met Office Unified modd (UM) model or small scale HIRLAM model will be madefor even
higher resolution SNAP. Also afull coupling of SNAPto regiond HIRLAM modd isintheline, i.e. SNAPas subroutinein
HIRLAM code. During the winter season 2006/2007 the UK Met Office Unified model has been introduced to replace MM5,
and a new interface to AirQUISis built. Also the EMEP modd is developing to use different main sets of meteorologica
data, ECMWF, HIRLAM and the non-hydrostatic models Wesather Research and Forecasting Modd (WRF), the UK Met

OfficeUnified Model and ALADIN.

For al these applications, specia attention should be given to the interfaces between dynamica and chemica processes.
While it is recognised that a on-line coupling of these processes will be ultimately necessary, there are ill a series of

processesthat need specid attention also under off-line applications, as named bel ow.



4.1 Surfaceclasses

For consistent cal culation of boundary layer parametersin off-line coupling the land-use classesin the meteorol ogical model
should ideally match the land-use classes present in EMEP (Table 2). In the coupling with HIRLAM where five land-use

classesare present only, and no parametersto distinguish needleleaf forest from broad leaf forest, isthusnot fully consistent.

3.2 Physical parameterizations

CTM models can make use of atmaospheric parametersthat are output from some parameterization schemes. Boundary layer
parameters have to be caculated inside CTM models or in pre-processing if not available from the meteorologicd modd.
Entrainment and detrainment rates in cumulus clouds is could be provided if sufficiently sophigticated cumulus

parameterizationis used in the meteorological modd.

Surface/vegetationtype H(m) | Albedo(%)
Temperate/bored coniferousforests >20 12
Temperate/bored deciduousforests >20 16
Mediterranean needle-l esf forests 15 12
Mediterranean broadlesf forests 15 16
Temperatecrops 1 20
Root crops 1 20
Mediterranean crops 2 20
Semi-natural moorland 05 14
Grasdand 0.5 20
Mediterranean scrubs 3 20
Wetlands 05 14
Tundra 0.5 15
Desert 0 25
Weter 0 8
Ice 0 70
Urban 10 18

Table 2. Surfacetypes used by the EMEP model
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