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ummary

Urban air pollution phenomena encompass a wide range of spatid and tempord scdes from few meters
(street canyon pallution) to hundreds of kilometers (secondary pollutant formation in cty plumes).
However a unique mode is not able to resolve explicitly the smdlest scde and, a the same time, the
large domain without a congderable cost in CPU time. Neverthdess the interactions between the
different *urban’ scales are of grest importarce and should be taken into account.

Aim of theressarch

The am of the EPFL-LPA (Swiss Federd Inditute of Technology in Lausanne - Laboratory of Air
Pollution) contribution is to develop and test new dgorithms, in a dose link with fidd messurements, in
order to improve the ability of meso-scale models to reproduce the urban scae.

The EPFL-LPA contribution can be it in two parts the fidd experiments (EXP2) and the modd
developments (MOD?2).

Activities during the year

For our experimenta contribution, we have continued our development of the Raman lidar and Pump
and Probe OH methods. Both methods are dudied kesping in mind the find objective of the
devdopment of techniques idedly suited for comparison with modd results. The Raman lidar dlowsto
smultaneoudy messure the ozone and water vgpor even in highly polluted amosphere. This system has
been used during the PAUR 11 -EU project in Crete in soring 1999 and further developed since thet
time (PhD thess work, Benait Lazzarotto, Feb. 2001). The Pump and Probe OH experiment is anin
Stu method proposed to measure the tota hydrocarbon reactivity with OH, a measure that was never
reported so far. With the PP OH method, the determination of this OH reectivity in different air pollution
conditions, a new indicator is gained for the NOx/V OC contral of the ozone secondary production and
thus will directly contribute to test and vaidate modd results Findly the data acquired during the
Grenoble 1999 fidd campaign with the ozone lidar, the DOAS and wind profiler were andlyzed in
detals in 2000, and the find data base daborated in particular for one base case (photo-smog episode
of 4 days) that is currently used for the modd devel opment. For the modeing contribution in 2000, the
development of the dgorithm for pressure and trangport (based on a finite volume gpproach) was
findized and implemented ina 3D meso-scale modd, caled FVM (Finite Volume Modd).

Thismodd is currently under test congdering idedized cases (e.g. paticipation to MESOCOM, a
project of meso-scale modd inter-comparison, in the frame of SATURN) as well as red 3D cases
(Grenable, France and the Obwaden Vdley, Switzerland).



In FVM, anew paramdtrization for the estimation of heat and momentum surface fluxes in urban aress
was developed and implemented.

A new modd (cdled TAPOM, Trangport of Atmospheric POllutants Modd)for the computation of
trangport and chemicd trandformation (induding the aerosol formation and itsinteraction with the solar
radiaion) of the pollutantsisin development.

Principal results
L aboratory development:

The development of our Raman lidar sysem has shown a number of promising features. For the first
time, this sysem was used in afidd campaign in Crete, Greece in May 1999, Measurements were
performed & that time Smultaneoudy with balloon borne ozone and rdative humidity meesurements
I nter-comparison of the results have andyzed and published in Applied Optics (Lazzarotto et d., in
press AO 2001). This work corresponds to the principal task of a PhD dissartation that has recently
been submitted (Benoit Lazzarotto, Feb. 2001).The ozone production is controlled by the presence of
primary emissons such as hydrocarbons (VOC) and nitrogen oxides. With the development of the
Pump and Probe LIDAR technique, a method based on the measurement of the atmospheric OH life
time in very different ar queity conditions, we have obtained a firgt in situ technique able to directly
caricaturized whether the probed volume is "NOx or VOC cortralled” in terms of ozone production.
Furthermore, this technique is designed as a range resolved method. After a precise cdibration of the
sengtivity of the technique, first range resolved OH spectra were obtained (Calpini et d. 1999,
Jeanneret et d. 2001, Kirchner et d. 2001).

Modeling devel opment:
Devel opment of new 3D meso-scale modd (FVM)

The dgorithm of pressure and transport in the new meso-scale model FVM is based on a control

volume and finite dement discretistion techniques. The main achievement of these dgorithms is to

improve the grid resolution in the zone of interest (ex. the city center) and to improve the precison of the
cdculation when the meshes are srongly deformed (eg. very complex topography). The modd was
able to reproduce very wel the main characteristics of the flow for dasscd 2D tests (mountain waves
andyticd solutions, the Bouder storm, sea breezes, etc.) and thefirst 3D tests (MESOCOM, Grenoble
and Obwad Vdley, two regions with very complex topography characterized by high mountains and

Seep and narrow valeys) are very promising.

Qubgrid parameterizationsin urban areas

After an andyss of the exiding measurements of turbulent fluxes in urban aress, a new parameterization
was developed in order to improve the estimation of ‘urban’ heet and momentum fluxes for mesoscale
models. Three active surfaces are consdered: the roofs, the walls and the canyon floor. For the
momentum, two different roughness length are defined for roof and canyon floors, while the contribution
of the walls is parameterized with a drag force approach. The sensble hest fluxes are determined as a
furction of the difference between the air temperature and the surface temperatiure. A complete energy
budget equations is solved for each of the three surfaces. The short and long wave radiative fluxes are



computed taking into account the shadowing effects and multiple scattering effects of the street canyon
dement. This parameerizaion was implemented in the FVM mesoscde modd and tested againgt 2D
idedlized cases. These tests show that this parameterization is adle to reproduce the man features
measured in urban aress for heet fluxes, heet sorage, temperatures and momentum fluxes and that the
development of the urban boundary layer is very senstive to these parameters and to thair interactions
with the dity’s surroundings (Matilli et d., 2000). Thismodd is currently used to smulate the wind
creculation over Athensand study the city impact on land and sea breeze.

Transport of Atmospheric POllutants Model (TAPOM)

A deeper knowledge of the role of suspended particulate metter in the amosphere is essentid for
modelers to increase the accuracy of their results. Mogt photochemica models currently in use do not

take into account the solar radiation extinction by aimospheric aerosols. This can lead to incorrect results
on amospheric chemidry caculations. As the gas phase chemistry and the solar radiation affect the
aerosol load, the link between the solar radiation, the gas phase and the aerosol chemisiry processes
should lead to important improvements of tre ar qudity modds. In order to implement these
interactions, solar radiation, gas phase and aerosol chemistry modules are used together in a new modd

cdled TAPOM (Trangport and Air POllution Modd). As usud in a 3D ar qudity modd the modules
must be accurate enough to give adequate results but must need low computationd time:

-The solar radiation module calculates the actinic fluxes and the photolysis rate congtant.
-The gas phase chemistry module caculates the chemical transformetion of the gas phase species.
-The aerosol module calculates chemica equilibrium between the gas and the aerosol phase.

For modd vdidation purposes we used the wel referenced Southern Cdifornia Air Qudity Study  of
August 1987 on the Los Angdes basin. A huge amount of data (emissons and amospheric
concentrations) is avalable for this episode, induding aerosol measurements. We first proceeded
different gas phase chemidtry runs, without aerosol caculaion. These runs were performed in order to
validate the gas chemidiry calculaions aswell as the wind fidds Our results for photochemica chemigtry
show a good agreement with the measurements. These results vaidate the transport, solar rediation and
gas chemistry modules of TAPOM. Aerosols caculations sill have to be compared to measurements,
and therefore are not yet vaidated. The firg runs including aerosol caculations do not show Sgnificant
changes on ozone concentrations. The main effects are seen on aerosol precursors such as nitric acid
which is dmog totaly consumed when aerosol cdculation is performed. The interactions between
aerosol concentrations and sdlar radiation will be gudied as soon as the aerosol results are vdidated.

Main conclusons
L aboratory development

Both techniques, as well the ozone Raman DIAL as the Pump and Probe OH lidar methods, are
designed to create new tools for our underdanding of the amospheric chemidry a low dtitude. They
are specidly desgned for observations a meso- and sub-mesoscae, and should be developed further
for direct goplication in fidd messurements. Along with these laboratory deveopment, fidd
measurements such as the Grenoble experiment were performed to andlyze in particular the tempora



and spaia dynamic of a photo-smog formation from a densdy populaied ares, in a topographicaly
complex environment.

Thee experimentd developments are dso a firsd dep towards the measurements of atmospheric
parameters of relevance a higher dtitude in the tropogphere and even sratosphere Parameters that will
be used to validaesatdlite observation (0zone, water vapor content, aerosol, temperature) on one hand
while they will dso contribute to improve globd scale dimate modds.

Modeling development

The new mesoscde modd FVM is proving good performances in smulating wind fidds in red cases
with very complex topography and strong mesh deformations. Moreover, the parameterization of heat
and momentum fluxes in urban areas implemented in the code, has made FVM an gppropriate toal to
sudy the development and the sructure of the planetary boundary layer in urban Stes with complex
topography. This &bility is very important for ar qudity smulations. In this context, the new
trangport/chemistry modd TAPOM s under development and firgt tests have shown promising results, in
particular for the study of the aerosol contribution to the gas phase chemistry in the atmosphere.

Aimsfor the coming year
In the next year:
L aboratory devel opment

In 2001 the EPFL LPA will be one of the main contributor of the ESCOMPTE experiment in Marsallle
France. This experiment is a follow up of the previous work performed in the Milano area during the
PiPaPo experiment in spring 1998 (dso embedded in the LOOP 1l project) .Baoth experimentd and
numerica groups of the LPA will participate to this campaign which idedlly correspondsto their research
themes.

Modeling development

Tests and devd opments of FVM and TAPOM modd will continue:
The urban impact on turbulence exchanges and its influence on arr quaity will be sudy over Athens and
Bad.

Thelink between gas phase chemidtry, aerosol and solar radiation will be sudy over the Milan area.
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