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SUImmary

Multiscale modd systems, capable of prescribing refined boundary conditions to the next smdler
scae and incorporating accurate fluxes to the larger scaes, will enable the establishment of more
accurate source-receptor reationships. The multiscae modd ZEUS (Zooming modd for European
Urban arr pollution Studies) is under development, based on three-dimensiond prognostic models.
Within the year 2001, specific tests dedlt with further evauation of the core modd of ZEUS, namely
the prognostic, non-hydrostatic mesoscale model MEMO (Moussiopoulos, 1994, 1995; Kunz and
Moussiopoulos, 1995). The further evauation of MEMO isimportant as the wind fields predicted by
the modd are used as input to subsequent air pollutant dispersion and transformation Smulations. For
this purpose, the selected study case was based on the detailed ESCOMPTE pre-campaign
experimenta results to predict the mesoscale wind flow patterns in the complex area of Marsailles.

Aim of theresearch

This contribution is related to SATURN'’s urban clugter. It ams at developing and evaduating the
Zooming mode for European Urban air pollution Studies (ZEUS). Partid god's are the devel opment
of (i) a canopy scae modd, (ii) a method for the coupled trestment of wind flow and pollutant
disperson, (iii) a "top-down/bottom-up” model cascade strategy including advanced urbulence
models and (iv) appropriate modules for the description of condensation and heterogeneous
chemidry in ZEUS.

The scientific objectives of this year concentrate on a further evaduation of the mesoscae modd
MEMO in order to assess the model’s dility to predict the mesoscale wind flow patterns over
complex terrains aswell asits inter-comparison with other mesoscale models.

Activitiesduring the year

MEMO was agpplied to the Greater Marsaille area (GMA) in order to Smulate airflow patterns
observed during the ESCOMPTE pre-campaign period. The main objective was the evauation of
the mesoscde modd MEMO as until now a correlation between the modelled and measured
variables for the particular area has not been examined. At the same time the output of MEMO is
compared with the output of other mesoscale models (cf. Galmarini & Peuch, 2002) in the frame of
an intercomparison exercise. The selected case-study was the period between 29/6/2000 and
1/7/2000, i.e. asummer period for which, depending on the meteorological conditions, the formation
of photochemicd smog may be favoured. The numerica grids used for the smulations covered an
area of 648x324 kn. In order to assess the sensitivity of the mode results to the grid resolution two



different cdl Szes were used, namely 4x4 kn? and 2x2 knf. In al cases 25 vertica layers were
assumed alowing for the finer resolution at lower dtitudes. The depth of the lowermost (shalowest)
layer was set to 20m, while model top was fixed at 6 km above the sealevd. Soundings performed
during the pre-campaign period were used for deriving the initid and boundary conditions of MEMO
amulations.

The weether dtuation during the sdected period was characterised by rdatively light winds. As
gability is concerned, the conditions of the atmosphere over the GMA could be characterised as
ungtable.

Principal results
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The adjacent map illustrates the area of South France
and the location of dl dations where measurements
were obtained during the ESCOMPTE pre-campaign
together with 15 more fictive gations for which moded
intercomparison is dso peformed (cf. Gamarini &
Peuch, 2001). Three of the measured Stations were
chosen to be presented in this report at locations where
different locd meteorology was expected, namdy a
location by the sea (i.e, Marsalle showed as % in
Figure 1), a a location further inland (i.e, Tarascon
showed e @ in Figure 1), and a location far from the
sea(i.e., Carpendras showed as % in Figure 1).

Figure 1. Location of the three chosen
stations; % for Marseille, @ for Tarascon,
and % Carpendras.
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Figure 2. Example of the simulated wind field with resolution 2x2 kn? on the 30" of June 2000 at (a) 00:00 LST, (b)
06:00 LST, (c) 12:00 LST, and (d) 18:00 LST. The colour scale corresponds to the orography of the region.



Figure 2 shows the simulated wind field with resolution 2x2 kn? on the 30™ of June 2000 at four
times during the day. The predicted flow is generdly characterised by north winds turning into
northeasterlies over the sea at 00:00 and 06:00 LST, while katabatic winds may also be observed,
the gppearance of locd circulations a noon due to convection, and findly the presence of loca sea
breeze at 18:00 LST.

Model evaluation

Figures 3 to 5 illudtrate the time series for the smulated (with both resolutions) and measured wind
speed, wind direction and air temperature, respectively for the three selected stations. In generd, the
amulated vaues for both resolutions are comparable, with those of highest resolution capturing more
details as expected. Taking a closer look at each sdlected station, it is shown that for the station of
Marsallle located by the sea the correlaion with measurements is better for the MEMO run with the
highest resolution. Especidly for velocity and temperature the smulated vaues with the highest
resolution are very close to the measurements. For the stations of Tarascon and Carpendras |ocated
further inland, the performance of the modd is adso good with both MEMO runs being comparable
and amilar with the measurements. The mode performance for temperature is found to be better for
Marsaille and Tarascon, while correlaion is consderably higher for the daytime vaues than for night-
time vaues for the gation of Carpendras, for which night-time temperature is overpredicted.

e MARSEILLE
124 124 e CARPENTRAS
12 e MEMO 44 ® TARASCON MEMO 4x4
— 4 MEMO 2x2 ] e MEMO 4x4 101
10 10 MEMO 2x2 0 —a— MEMO 2x2

v
T 1 T 1T 1T T T % 1T T 71

0 6 12 18 24 30 36 42 48 54 60 66 72

—%

0 6 121824 30 36 42 48 54 60 66 72

T

0 6 121824 30 36 42 48 54 60 66 72

Figure 3. Wind speed at 10m over the ground for the three chosen locations
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Figure4. Wind direction at 10m over the ground for the three chosen locations
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Figure5. Air temperature at 10m over the ground for the three chosen locations



The reaults reflect the fact that physical mechanisms and processes governing the mesoscale wind
flow in aress far inland are well predicted by the modd with both resolutions used being amilar.
Closr to the sea for which loca circulations are present and therefore flow is more complex, the
highes-resolution smulation performs better as it cgptures more details of the locd flow. It is
suggested that the overprediction of the night-time temperature for the station of Carpendras located
a amountain’s dope is possibly due to an underestimation of the radiative hegt flux from the ground
associated with the land-use categorisation implemented in the modd. Overprediction of the night-
time temperature is generdly observed a dl mountainous gations of smilar postions. Conddering
the complexity of the subject, model performance can be assessed as good for surface wind speeds
and temperatures.

Main conclusions

The non-hydrogtatic mesoscae modd MEMO has been gpplied to the meteorologicaly complex
area of South France. Comparison with available measurements reveded that the modd is capable
of successfully reproducing the wind flow patterns with the performance being better for the highest
resolution amulations especialy for areas close to the sea.

Aimsfor the coming year

The focus for the coming year will be the development and testing of an integrated multi- scale model
system cgpable of amulating the multi-scale trangport and transformation of particulate matter (PM).

The coupling approach adopts one-way nesting at the local-to-regiond scde nested smulations of
the mesoscale model consdering both the disperson and interaction of primarily emitted particles
and the secondary formation of particles provide meteorological and pollutant concentration data to
a series of domains. The microscale domain - resolving the geometrical details of a part of the city -
is then dlocated within the finet mesoscale domain as the lower end of the multi-scale modd
cascade. As a specidty of this gpproach, the microscae modd results are used to improve the
description of the boundary layer verticd structure in the mesoscae smulaions. Quas-steady
microscale model computations then provide hourly averaged wind and near source pollutant
concentration fidds dlowing invedtigation of the initid dilution phase in short distances from the
exhaust. Henceforth, the obtained microscale model results are fed back o the mesoscale modd
thus improving the parameterisations of the canopy-atmosphere exchanges and vertica fluxes by
taking into account microscale effects.

A generic aerosol chemistry submodel on the basis of an available concept (Arvanitis et d., 2001)
will address specificdly (i) the dilution phase and transformations in the firg meters from treffic
emissons, (ii) gas-aerosol interaction through evaporation and condensation; (iii) sea st chemidry;
(iv) trandformations involving the crusd dements (v) heterogeneous transformations involving
organics, (vi) transformation and depostion of resuspended particulates. Upon its completion, the
generic aerosol chemistry submode will be gppropriately optimised in order to provide to the various
ZEUS condtituents aworking module for easy integration.
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