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Abstract

During the summer 2001, several photo-oxidant pollution episodes were documented around

Marseilles-Fos-Berre in the South of France within the framework of the ESCOMPTE campaign.

The site is composed of large cities (Marseilles, Aix, and Toulon), significant factories (Fos-Berre), a

dense road network, and extensive rural area. Both biogenic and anthropogenic emissions are thus

significative. Located close to the Mediterranean Sea and framed by the Pyrenees and the Alps

Mountains, pollutant concentrations are under the influence of strong emissions as well as a complex

meteorology. During the whole summer 2001, the chemistry-transport model CHIMERE was used to

forecast pollutant concentrations. The ECMWF forecast meteorological fields were used as forcing,

with a raw spatial and temporal resolution of 0.58 and 3 h, respectively. It was observed that even if

the synoptic dynamic processes were correctly described, the resolution was not always able to detail

small-scale dynamics (sea breezes and orographical winds). To estimate the impact of meteorological

forcing on the modeled concentration accuracy, an intercomparison exercise has thus been carried

out on the same episode but with two sets of meteorological data: ECMWF data (with horizontal and

temporal resolution of 0.58 and 3 h) and data from the mesoscale model RAMS (3 km and 1 h). The

two sets of meteorological data are compared and discussed in terms of raw differences as a function

of time and location, and in terms of induced discrepancies between the modeled and observed ozone

concentration fields. It was shown that even if the RAMS model provides a better description of

land–sea breezes and nocturnal boundary layer processes, the simulated ozone time series are
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satisfactory with the two meteorological forcings. In the context of ozone forecast, the scores are

better with ECMWF. This is attributed to the diffusive aspect of these data that will more easily catch

localized peaks, while a small error in wind speed or direction in RAMS will misplace the ozone

plume.

D 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Chemistry-transport models (CTM) are now widely used to estimate tropospheric

pollutant concentration fields. These models need numerous input data which can be

classified into four categories: (i) the model domain with its topography and landuse,

(ii) meteorological fields composed of temperature, wind speed, pressure, specific

humidity and air density, (iii) surface emissions including anthropogenic and biogenic

sources and (iv) chemical initial and boundary conditions. While the quality of input

data remains of great concern (Hanna et al., 1998; Carey Jang et al., 1995a,b; Kumar

and Russel, 1996), the spatial and temporal resolution of the model is also a deciding

factor in capturing the concentration gradients of secondary pollutants over

heterogeneous surfaces as cities. Indeed, finer mesh and high vertical resolutions

have shown to better reproduce the nonlinear urban-plume chemistry and the intensity

of resulting ozone peaks (Hass et al., 1997). Nested modeling with finer grids over

urban area is thus often used for air quality analysis or emission reduction response.

In the frame of ozone forecasting, a compromise has to be reached between spatial

resolution and computational time (induced by large domains and an elevated number

of cells). Forecast simulations thus often optimize domain sizes and resolutions, and

use boundary conditions from large- scale models (one-way nesting). In those cases,

the availability and quality of meteorological data remain the most important

constraint.

One of the largest sources of forecast meteorological data is the European Center of

Meteorological Weather Forecast (ECMWF): data are daily calculated over the whole

Europe, from the present measured state up to 72 h ahead, with a spatial resolution of 0.58
and a temporal resolution of 3 h. The main question of this paper is thus: Are these input

meteorological data sufficient to forecast ozone peaks as asked by the air quality network?

To answer this question, we first use forecasted pollutant fields calculated during the

summer 2001 for the ESCOMPTE campaign (Cros et al., 2004). A second set of pollutant

field concentrations is calculated using the meteorological mesoscale model RAMS, used

with a horizontal resolution of 3 km and a 1 h temporal resolution (Pielke and Uliasz,

1998). The impact of meteorological data resolution on ozone concentrations is analyzed

and discussed.

The paper is organized as follows: The modeling system is introduced in Section 2. The

Intensive Observation Periods (IOP2a and IOP2b) of the ESCOMPTE campaign are

shortly presented in Section 3. The meteorological data are described in Section 3.1 and

compared in Section 3.2. The impact of these meteorology calculations are compared and
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the forecasted ozone concentrations are compared in Section 4. Finally, the conclusions are

presented in Section 5.
2. Ozone forecast during the ESCOMPTE campaign

2.1. Needs for air quality forecast

In opposition to usual air quality analysis and scenario studies, the forecast of

surface ozone concentrations has to be viewed in terms of areas and threshold values.

The main goal is not to estimate accurate mean diurnal values of ozone but only to

predict if an ozone peak will occur or not. This dpeakT is defined as ozone

concentrations exceeding a pre-defined threshold value: for regional air pollution, this

value is 90 ppbv. Air quality networks do not need to know exactly where this peak

will occur but only if this peak occurred within a pre-defined area. These areas are

chosen to be representative of large cities and their surroundings, industrial sites or

uniform lands, for instance.

2.2. Forecast during ESCOMPTE

For this study, the site of interest is the region of Marseilles-Fos-Berre, in the south of

France, located between the Pyrenees and the Alps mountains, and off the Mediterranean

Sea. In summer 2001, three-dimensional chemical and dynamical measurements have

been conducted during four highly polluted periods for the ESCOMPTE campaign (Cros

et al., 2004).

In order to better choose those intensive observations periods (IOPs), daily simulations

were performed. During the whole summer 2001, CHIMERE was used in the framework

of the PIONEER project to predict concentration fields of various pollutants (see the web

site http://euler.lmd. polytechnique.fr/pioneer/). Even if the major cases of ozone peaks

were forecasted, the results showed on some days noticeable discrepancies between

measurements and simulated concentrations which origin could not be systematically

identified. Nevertheless, one of the most questionable model inputs remained the

meteorological forcing and its ability to simulate local dynamic phenomena at coastal

and hilly regions (sea breeze, dispersion, vertical motions, etc.).

2.3. The forecast model used: CHIMERE

CHIMERE is a chemistry-transport model designed to study pollution within the

atmospheric boundary layer (ABL). The applications of CHIMERE are mainly real-time

forecasts (the PIONEER project) and long-term simulations (Schmidt et al., 2001; Vautard

et al., 2001). CHIMERE is also involved in the European City-Delta project, dedicated to

explore the changes in urban air quality predicted by different atmospheric chemistry-

transport dispersion models in response to changes in urban emissions [http://rea.ei.jrc.it/

netshare/thunis/citydelta/]. Developed over macro- and mesoscale domains, the model is

also suitable for pollution event study (Schmidt and Martin, 2003; Beekmann and

http://www.euler.lmd.polytechnique.fr/pioneer/
http://www.rea.ei.jrc.it/netshare/thunis/citydelta/
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Derognat, 2003). The model version used in this study is quoted v200108 and is the one

freely available on the CHIMERE website [http://euler.lmd.polytechnique.fr/chimere/].

The CHIMERE model uses five vertical levels (from surface to 750 hPa) which are not

fixed in altitude but are hourly dependent on air density. This approach is a good

compromise to reduce data processing time (specifically for simulations), and enables to

take into account the effects of topography. Vautard et al. (2001) previously showed that

this number of vertical levels is sufficient to retrieve accurate pollutant three-dimensional

fields.

In this paper, our purpose has to be viewed only in a forecast context: for pollutants

concentrations forecast, only the ECMWF forecast are available 3 days before an event.

The use of these data allows fast model integration and enables to run the CTM model

subsequently on the continental scale and at the regional scale.

The CHIMERE macroscale version (hereafter called econtinentalf) is designed to

simulate concentration fields over the whole Western Europe. This model is fully

described in Schmidt et al. (2001) and Schmidt and Martin (2003). The mesoscale version

of the model (hereafter called dregionalT) is dedicated to estimate concentration fields with

a horizontal resolution of 3 km, over a model grid of 54�54 grid points. The regional

version is identical to the continental version, except, of course, for the horizontal

resolution of landuse, emissions and topography. The regional domain is centered on the

Marignane site (Fig. 1). The continental version is only used to provide realistic chemical

initial and boundary conditions to the mesoscale model (Fig. 3).

An example of simulated ozone concentration fields over Western Europe is displayed

in Fig. 2. Note that in this figure, the square indicates the position of the ESCOMPTE

modeling domain.

The surface emission inventory was provided within the ESCOMPTE project at the

horizontal resolution chosen for the regional domain, in order to avoid interpolation error
Fig. 1. Model domain over the ESCOMPTE area: 54�54 cells with a horizontal resolution of 3 km. The raw

ECMWF meteorological data locations are displayed as squares every 0.58. The gray shade indicates the

topography in meter above sea level. The locations of the numbers [1] and [2] indicate where the soundings were

launched as displayed in Table 2.

http://www.euler.lmd.polytechnique.fr/chimere/


Fig. 2. Surface ozone concentrations at the continental scale for the 25 June 2001 at 15:00 UTC. The regional

model domain is symbolized by the frame in the southeastern part of France (longitude c4–68E and latitude

c43–458N).
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on emitted masses. The model version used in this study is strictly the same as the version

that served during the campaign to choose the IOP days.

For the restitution of turbulent parameters, it is evident that the five vertical levels of the

forecast model are not sufficient to ensure a fine description of vertical gradients. Thus, all

turbulent parameters are first estimated using the original available levels, that is to say, 18
Fig. 3. The model configuration used in this study.
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with ECMWF data and 15 with RAMS data (these simulations are hereafter called

CHIMERE-ECMWF and CHIMERE-RAMS, respectively). Finally, and in the same

manner for CHIMERE-ECMWF and CHIMERE-RAMS, vertical profiles of mean flow

properties and turbulence are projected on the five-layer mesh.

Finally, the modeling system is presented in Fig. 3. For the whole set of results

presented in the present study, only the input meteorological data were changed. These two

meteorological sets are now described and compared for the selected test case: the IOP2 of

the ESCOMPTE campaign.
3. The ESCOMPTE second intensive observation period

The ESCOMPTE campaign is extensively described in (Cros et al., 2003). The present

study focused on the second Intensive Observation Period, hereafter called IOP2. This IOP

extended from June 21st to June 26th 2001. Two distinct episodes can be distinguished by

their synoptic meteorological conditions:

! The first period, referred to as IOP2a, includes the first 3 days and is characterized by

low to moderate westerly and northwesterly winds, generating oxidant plumes in the

east of the domain, when air masses have overpassed the main industrial and urban

source regions, respectively, located around Berre and in Marseilles. During the first 2

days, observed diurnal ozone maxima at ground level mainly range from 70 to 80 ppb

but sometimes exceed the 90 ppb air quality threshold in the eastern part of the domain,

both at coastal urban and inland rural sites (Aups Ste Baume).

! During the second part, called IOP2b, the wind speed decreases to a calm situation with

well-established sea breezes coming from the South West. Ozone measurements

frequently exceed the 90 ppbv limit in the northern, eastern and central parts of the

domain, in either rural (Cadarache), urban (Avignon, Vitrolles) and industrial (Berre

l’Etang) sites. A maximum of 130 ppbv is reached at Aix on the 25th. Temperatures

measured at ground level during both IOIPs vary between 288 and 308 at the coast and
318 and 348 inland.

All meteorological data and chemical measurements have been collected at the

AIRMARAIX and AIRFOBEP network surface stations. A description of these surface

stations is displayed in Table 1. This includes the name and the location within the

modeled domain (including the code inland or coastal, west or east).

3.1. The two meteorological data sets

A complete description of the meteorological situation is presented in Bastin et al.

(2004). For a complete study of ozone layers during the IOP2, with a focus on the

numerous stratified layers containing high ozone concentration levels in altitude, see the

ozone lidar study by Ancellet and Ravetta (2004). Here we will describe the two sets of

meteorological data used as inputs in the models (see Fig. 3). The two configurations will

be called CHIMERE-ECMWF and CHIMERE-RAMS.



Table 1

List of the surface stations available over the ESCOMPTE area

Station name Long. (8) Lat. (8) Type Position

Network

! AIRFOBEP
Arles 4.62 43.67 UR I-W

BerrelEtang 5.17 43.48 UR I-W

MiramasleVieux 5.02 43.56 PU I-W

RognaclesBrets 5.21 43.51 ID I-W

SaintMartindeCrau 4.80 43.63 PU I-W

SalondeProvence 5.09 43.63 UR I-W

MourreNegre 5.46 43.82 RU I-E

FosLesCarabins 4.93 43.45 UR C-W

MarignaneVille 5.21 43.41 UR C-W

MartiguesP.Central 5.04 43.41 UR C-W

PortdeBoucLeque 4.98 43.40 ID C-W

SaussetlesPins 5.11 43.33 ID C-W

SteMariesdela 4.46 43.45 PU C-W

Vitrolles 5.24 43.45 ID C-E

! AIRMARAIX

Avignon 4.80 43.95 UR I-W

Aix 5.45 43.52 UR I-E

Aupsstebaume 5.71 43.33 RU I-E

Boucbelair 5.41 43.45 UR I-E

Cadarachedurance 5.75 43.69 RU I-E

Rousset 5.61 43.46 UR I-E

Laseynesurmer 5.88 43.10 UR C-E

Lespennesmirabeau 5.32 43.40 PU C-E

Marseillemarg 5.41 43.26 UR C-E

Toulonarsenal 5.92 43.12 UR C-E

Valleehuveaune 5.51 43.28 PU C-E

The station name refers to a short acronym representative of the city where the station is installed. Coordinates of

the stations (Long. and Lat.) are indicated, as well as the corresponding type of site: bURQ for urban, bPUQ for
peri-urban, bIDQ for industrial, and bRUQ for rural area. The last column (bpositionQ) indicates the relative position
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! The first set of meteorological data we used is the ECMWF dynamical fields, linearly

interpolated over the regional domain. The original resolution is 18 vertical levels from

surface to 750 hPa, with one data field every 3 h and one mesh point every 0.58 (c40

km). Vertically, meteorological data are integrated to retrieve values on the five-layer

mesh.

! The second set corresponds to the output calculations of the mesoscale model RAMS,

later averaged on the CHIMERE vertical mesh. The original data are hourly available

and with a horizontal resolution corresponding exactly to the surface mesh used (i.e.

Dx=Dy=3 km). Note that the RAMS uses ECMWF 0.5�0.58 fields as boundary

conditions.

Changes in input meteorological data have direct and indirect impacts on the modeled

concentrations. The direct impact is a change in the values of the flow field mean properties:

of the station within the modeled domain, with bWQ and bEQ for west and east, bIQ and bCQ for inland and coast.
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wind components, u, v and w, temperature T, pressure p and specific humidity q. The

indirect impact concerns all deduced parameters that are the turbulent properties of the

flow: the vertical diffusivity profile Kz, the friction velocity u* and the boundary layer

depth h̄. The last indirect impact of changes in meteorological input is the hourly

determination of biogenic emissions which are temperature-dependent (Guenther, 1997).

3.2. Meteorological comparisons

The two meteorological data sets are compared to data recorded during the IOP2: (i)

vertical soundings of the atmosphere and (ii) surface mesonet measurements. First, we

compared boundary layer heights diagnosed with the two meteorological configurations.

3.3. Diagnostic of boundary layer height

An example of the horizontal resolution impact is presented in Fig. 4. Boundary layer

heights are diagnosed using a Richardson profile approach (the boundary layer height is

chosen at the altitude where the Richardson number exceeds a critical value). For the 23rd

of June 2001, the CHIMERE-ECMWF calculations gradually increase in boundary-layer

height from 300 m near the coast to 700 m inland. In contrast, the results obtained from

RAMS show an abrupt increase in boundary-layer height roughly 20 km inland marking

the sea breeze front. The superimposed wind fields well illustrate the effects of calculation

resolution on the accuracy of the data, and partially account for the horizontal differences

we will observe between the two runs. In particular, the effect of the relief is much better

restituted in the RAMS data through the local wind directions.

3.4. Vertical soundings

The sounding were performed on two sites, hereafter called d[1]T and d[2]T. The

locations of these sites are reported in Fig. 1. Site [1] is located north of Marseilles, west of

the Berre pond and less than 30 km from the coast. Site [2] is a more rural site in the west

of the domain, located in the hilly region bLes AlpillesQ. For all the studied profiles, the

time necessary to reach 3000 m above ground level (AGL) was comprised between 10 and

20 min. During this period, the balloon was subject to horizontal transport. A projection of

its geographical position was done: it appeared that all balloons stayed above land and that

none of them traveled more than a few kilometers. Mean profile characteristics have been

analyzed and are described in Table 2. The comparison of the profiles is done for mean

wind speed (in m s�1) and temperature (in K). The profiles are selected to be

representative of the two parts of this IOP: the IOP2a in Fig. 5 and the IOP2b in Fig. 6.

! IOP2a: The three soundings displayed in Fig. 5 correspond to June 22 at 07:00, 11:00

and 18:00 UTC. They have been conducted at the sites [2], [1] and [2], respectively.

The observation of the data reveals moderate wind speeds within the boundary layer,

with a minimum at noon. ECMWF and RAMS data are in reasonable agreement with

measurements as always they remain within the range of the measurement variability.

The same features are observed for the temperature profiles. No specific trend in the



Fig. 4. Boundary layer height (m) diagnosed on 23 June 2001 at 15:00 UTC with the two meteorological forcings

and the data with their original vertical resolution: 18 and 15 levels, respectively, from surface to 3000 m above

ground level for ECMWF and RAMS.
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Table 2

Synthesis of soundings launched during IOP2

Day Hour Site Umax (m/s) Ug (m/s) Tz1
(8C) z1 (m)

IOP2a

22 07:00 [2] 15.9 12.44 22.8 103

22 11:00 [1] 13.5 8.48 31.8 60

22 18:00 [2] 16.9 11.40 27.0 103

IOP2b

25 12:15 [2] 10.9 4.95 31.9 103

25 23:00 [1] 5.2 3.57 20.4 60

26 00:00 [2] 5.7 2.57 17.9 103

The dates are relative to June 2001. Umax (m/s) is the maximum wind speed value recorded between surface and

3000 m AGL. Ug (m/s) is the averaged value of the wind speed between surface and 3000 m AGL. Tz1
is the

temperature value in 8C observed at the first data level z1 (m AGL).
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model simulations could be derived from these comparisons, as the same model did not

always provide the best fits. The main differences between observations and model

data generally concern the strength of the temperature inversion. The temperature

profiles presented here have been averaged over five vertical layers. With their original

resolution, temperature inversions were quite well reproduced in terms of altitude and

magnitude, leading to realistic diagnostic surface fluxes and boundary layer heights.

Anyway, in the CTM run, the 3D temperature fields are only used to constrain

chemical reactions rates (see Vautard et al., 2001; Menut, 2003) so the vertical

averaging has little influence.

! IOP2b: The three soundings displayed in Fig. 6 correspond to June 25 at 12:00 (site

[2]) and 23:00 (site [1]) and June 26 at 00:00 (site [2]). In this case, the wind speed is

very low compared to the IOP2a since it never exceeds 5 m/s within the boundary

layer. The discrepancies between observations and model outputs are once again within

the range of the measurement variability, so modeled values can be considered as

realistic. Concerning the temperature, the models accurately reproduce the vertical

distributions: the only significant discrepancy is an overestimation of temperature near

the surface for June 26 at 00:00, by the two models. However, temperature errors

during the night have a negligible impact on chemistry and thus on diurnal ozone peak

restitution.
3.4.1. Surface mesonet measurements

The time evolution of the wind speed values at ground level from RAMS and ECMWF

are compared in Fig. 7.

Time series have been extracted from the first level of the model, for all sites for which

surface pollutant measurements were also available (Table 1). We only present here the

time series that are the most representative of the differences between model and

measurements: dBerrelEtangT (in the center of the domain, near the coast but also near a

pond), dMarseilleMargT and dSteMariesdelaMerT. Fig. 7 well illustrates the changes in

wind speed between the IOP2a and the IOP2b. The wind speed is always higher during the

first period of the IOP than during the second one. Maxima are observed on June 23 (last



Fig. 5. Vertical profiles of wind speed (m/s) and temperature (K) for sites [2], [1] and [2] (from left to right) during the IOP2a (22 June at 07:00, 11:00 and 18:00 UTC,

respectively). The symbols indicate the sounding data. The solid and dashed lines indicate CHIMERE-ECMWF and CHIMERE-RAMS model profiles for the

corresponding hours and locations.
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Fig. 6. Vertical profiles of wind speed (m/s) and temperature (K) for sites [2], [1] and [2] during IPO2b. The symbols indicate the sounding data. The solid and dashed lines

indicate CHIMERE-ECMWF and CHIMERE-RAMS model profiles for the corresponding hours and locations.
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Fig. 7. Comparisons between RAMS and ECMWF for wind speed for the whole IOP2 period in m/s. Values are

representative of the first vertical model layer (0–50 m) whereas the data are recorded by the mesonet METEO-

FRANCE network at 10 m.
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day of IOP2a) for all sites, with values exceeding 7 or 8 m/s at 10 m high. Complementary

information is provided by the graph in Fig. 8, which shows the modeled wind direction

vectors for the same period and locations. During IOP2a, large differences can be observed

between ECMWF and RAMS. A better restitution of the day-to-night variations in wind

intensity and direction is clearly provided by the RAMS data during IOP2a, as a close to

constant northwestern wind direction is observed with ECMWF, whereas the sea breeze

effect (associated to weaker winds) is perfectly visible with RAMS. In that case, the

comparison with measurements is quite good. During IOP2b, the two modeled wind

direction and intensity are closer.

During IOP2b, RAMS and ECMWF simulate the lake and sea breezes effects. Due to

the original resolution of the ECMWF data, the amplitude of the cycle is weaker than with

RAMS. This latter effect is enhanced during the night when the wind speeds are very low.

During the day, the two models agree closely and represent reasonably well the

measurements.
Fig. 8. Comparison of the wind direction at the first model vertical level (i.e. 35 m AGL). For each hour of IOP2,

vectors indicate the wind speed and direction (from 0 to 3608) for ECMWF (top) and RAMS (bottom).
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During the whole IOP, the model data show a common tendency to underestimate wind

speed in the area of the Berre pond. The real wind strength could not be restituted even

with the 3-km-resolution model: this highlights the problem of the simulation of very local

turbulent processes.
4. Ozone forecast results

Chemical results have been analyzed on the basis of ozone concentrations at ground

level, as it is the determining factor for assessing forecast models. The modeled ozone

concentrations are compared to those recorded by the networks AIRMARAIX and

AIRFOBEP.

4.1. Quantification of forecasted ozone peaks

In order to estimate forecast scores, the results are presented separately for four

subdomains as described in Table 1. For each subdomain, we present the mean averaged

diurnal ozone value and the peak value (Table 3). For a complete synthesis, the results are

then averaged over the whole modeled domain.

The smallest differences between observed and simulated ozone peaks are obtained for

CHIMERE-ECMWF and this, for each of the 6 days studied. The CHIMERE-ECMWF

configuration overestimated peaks values (up to 18.7 ppb at the maximum) with only 2

days of underestimation. For CHIMERE-RAMS, underestimation may be very large, up to

�42.3 ppb for the ozone peak recorded on June 24 (130.6 ppb) and in the inland eastern

part of the domain, leading to a missed peak.

On the other hand, CHIMERE-RAMS gives better results than CHIMERE-

ECMWF for the concentrations averaged over the whole day, in particular near the

coastline where the dynamical effects are the most difficult to model and where

the major sources are located. Nevertheless, the differences between models during

the night are included in this calculation: since CHIMERE-ECMWF better

reproduces the nighttime [O3] titration (see section), the averaged differences

delivered best scores for CHIMERE-ECMWF than CHIMERE-RAMS with this

type of representation.

From Table 3, some scores for ozone forecast can be calculated. They are presented in

Table 4.

It is not possible to draw a systematic conclusion from these results since a more

complete statistical analysis has to be done. This work has to be viewed as a preliminary

study to evaluate the potential benefit of using finer meteorological data. However, some

information are important for ozone forecast: the CHIMERE-ECMWF configuration

gives the better results in terms of ozone peaks. For each subdomain, the number of

peaks (when [O3] N90 ppb) that occurred during the whole IOP2 are given: the most

pronounced polluted events are detected far from the coast (inland west and inland east

with three and four peaks respectively). This effect is due to the advection of primary

plumes from the sources mainly located near the coast. At the east of the domain,

CHIMERE-ECMWF detected all peaks, whereas CHIMERE-RAMS detected only one



Table 3

Synthesis of measured and modeled ozone peaks (ppb)

Day [O3
max] (ppb) [O3] (ppb)

Data (ppb) E-D (ppb) R-D (ppb) Data (ppb) E-D (ppb) R-D (ppb)

! Inland west subdomain (I-W)

21 86.7 �21.1 �22.9 51.6 �10.3 �13.6

22 80.1 �14.8 �16.8 50.2 �8.3 �10.4

23 79.0 �14.9 �17.8 47.7 �9.4 �9.7

24 90.3 �5.7 �24.8 46.5 �11.9 �8.0

25 103.0 �19.1 �26.7 41.8 �8.1 3.2

26 112.2 �10.6 �40.6 38.0 �4.7 5.4

! Coastal west subdomain (C-W)

21 83.1 6.7 �1.2 54.1 �19.8 �19.5

22 80.6 21.2 9.9 49.1 �13.4 �13.6

23 88.7 11.0 3.5 44.8 �11.4 �6.6

24 60.2 81.9 28.1 40.4 �1.2 2.7

25 66.8 29.4 26.5 38.5 �0.6 4.7

26 66.3 29.2 11.1 37.2 1.6 1.9

! Inland east subdomain (I-E)

21 96.4 �4.3 �27.5 46.5 7.6 7.7

22 76.0 �4.3 �9.7 47.5 6.9 5.1

23 70.9 �5.1 �8.8 45.7 3.9 4.4

24 130.6 �41.1 �56.8 56.1 �1.6 0.3

25 126.5 6.1 �32.0 56.3 12.6 7.0

26 119.8 �5.3 �32.9 57.3 17.5 5.1

! Coastal east subdomain (C-E)

21 97.9 �3.5 �22.4 49.7 �18.1 �14.9

22 83.1 �9.5 �18.4 50.2 �12.9 �14.3

23 71.9 �8.8 �7.3 43.7 �13.4 �6.4

24 79.6 23.5 �8.5 43.4 �8.7 �3.2

25 103.5 2.9 �26.2 38.1 2.2 6.2

26 79.6 13.6 2.1 37.6 �0.3 5.8

! ESCOMPTE domain (=1�W+C-W+I-E+C-E)

21 97.9 �3.5 �16.0 50.7 �10.5 �11.0

22 83.1 18.7 7.4 49.4 �7.6 �9.1

23 88.7 11.0 3.5 45.8 �8.1 �5.5

24 130.6 11.5 �42.3 46.8 �7.4 �3.6

25 126.5 6.1 �32.0 43.6 �0.2 4.1

26 119.8 �5.3 �32.9 42.3 1.4 3.2

All days correspond to June 2001. The labels E-D and R-D represent the differences between modeled value and

observed value in ppb, respectively, i.e. [O3] (model)�[O3] (data).
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peak. On the western part of the domain, CHIMERE-ECMWF and CHIMERE-RAMS

detected one and zero peak, respectively, for three observed. On the other hand,

CHIMERE-ECMWF forecasted more wrong alerts than CHIMERE-RAMS (seven

against three).



Table 4

Synthesis of forecast ozone scores obtained for each area and for the whole IOP

Peaks [O3] N90 ppb Inland west Coastal west Inland east Coastal east

Observed 3 0 4 2

Modeled ECMWF RAMS ECMWF RAMS ECMWF RAMS ECMWF RAMS

Correct 1 0 0 0 4 1 2 0

Missed 2 3 0 0 0 3 0 2

False alert 0 0 5 3 0 0 2 0

For each subdomain, we consider a dcorrectT peak if the measured and modeled ozone peak values exceeded 90

ppb.
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4.2. Analysis of ozone time series

To go further in the analysis of refined meteorology impact, simulated ground-level

concentrations of ozone have been plotted as time series, together with measurements, for

some monitoring sites described in Table 1. Those sites have been selected to represent all

major industrial, urban and rural influences as well as various distances from emission

points. Results are shown in Fig. 9 for comparisons between measured and modeled [O3].

The two model runs simulate realistic concentrations of [O3] for the whole IOP2.

However, results are always better for the first part of the IOP. This latter effect is mainly

due to the simplicity of the meteorological situation observed during this IOP2,

characterized by light synoptic winds permanently blowing from the west and northwest.

During that period, maximum ozone values measured at ground level rarely exceed 90

ppb.

In a general manner, the results presented in Fig. 9 showed the same tendency than the

one explained in the section: CHIMERE-ECMWF always estimated higher ozone

concentrations than CHIMERE-RAMS. This tendency is particularly important during

the IOP2b, where the most important peak values were recorded. This leads to better

results for CHIMERE-ECMWF for June 25 over the stations of BerrelEtang,

RognaclesBrets and SalondeProvence, for example. In this case, only CHIMERE-

ECMWF was able to reproduce the intense peaks of more than 90 ppb. On the other hand,

concentrations are largely overestimated the following day. For this latter, ozone peaks are

much more moderate and only CHIMERE-RAMS reproduces the observed concen-

trations. Finally, the MourreNegre station (rural and located inland east) is representative

of background ozone: no ozone titration is observed nor modeled. It is important to notice

that none of the two configurations was able to reproduce the 120 ppb peak observed at the

end of IOP2b.

Lastly, the nocturnal ozone concentrations exhibit some differences between

CHIMERE-ECMWF and CHIMERE-RAMS: this highlights the difficulty to accurately

reproduce the nocturnal boundary layer. Downwind the emission area (center and east of

the domain), a larger depletion of ozone is observed at night. This is the case in all the

industrial and peri-urban sites located around the Berre pond and close to the sea. For

these sites, it appears that CHIMERE-ECMWF simulation much better fits the ozone

depletion, as can be seen in the BerrelEtang, RognaclesBrets and SalondeProvence

stations.



Fig. 9. Time series comparisons of [O3] concentrations (ppb) for the surface stations of Arles, Marseilles, BerrelEtang, MourreNegre, RognaclesBrets and

SalondeProvence and the corresponding model data obtained from CHIMERE-ECMWF and CHIMERE-RAMS configurations.
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4.3. Surface ozone maps

Fig. 10 presents a map of surface ozone concentrations modeled with CHIMERE-

ECMWF and CHIMERE-RAMS on June 26 at 15:00 UTC. The surface wind field is

superimposed. The two model runs show a good agreement in the inland primary

plume location, but strongly disagree on the mean wind direction and strength.

Therefore, pollutants are more quickly pushed to the north of the domain in the

CHIMERE-RAMS configuration, which can explain some missing peaks presented in

Table 4.
Fig. 10. Surface ozone concentration maps on 26 June 2001 at 15:00 UTC with CHIMERE-ECMWF and

CHIMERE-RAMS.
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5. Conclusion

The CHIMERE chemistry-transport model was used to evaluate the impact of the

meteorological forcing over the complex site of the ESCOMPTE campaign, within the

frame of ozone forecast. Two meteorological fields were chosen: (i) the ECMWF fields

currently used with the model for forecast applications and (ii) the RAMS mesoscale

analysis fields. Due to their different original spatial and temporal resolutions, this type of

comparison is a suitable approach to quantify the impact of the small-scale dynamical

processes on pollutant concentrations.

Modeled ozone concentrations were compared with surface data recorded during the

Intensive Observation Periods 2a and 2b of the ESCOMPTE campaign, which is

composed of two different meteorological situations.

! IOP2a: The wind and temperature fields of the two forcings are close. This is due to the

homogeneity in the observed meteorological fields for this period. Since synoptic

characteristics dominate, the simplified interpolation used with ECMWF produces

realistic small-scale data close to those calculated with RAMS. Therefore, the

CHIMERE-ECMWF and CHIMERE-RAMS modeled concentrations are close. As

this period is not characterized by intense local ozone production, both model

configurations produce surface concentrations close to the observed ones. However, a

better description of pollutants behavior at night (breeze effects) is provided by the

CHIMERE-RAMS configuration.

! IOP2b: The meteorological fields present weaker and spatially less homogeneous wind

fields. In addition, observed temperatures are higher than those observed during IOP2a.

This leads to higher surface ozone concentrations, overpassing the gpublic alerth limit of

90 ppb. Local meteorological heterogeneities become dominant over the model and

more specifically near the coastlines and around the Berre pond (where surface sources

are the most intense) (see also (Puygrenier et al., 2001) for a quantification of the breeze

impact on the coastal boundary-layer behavior). Strong discrepancies in the ozone fields

appear when comparing the two configuration results. In that particular case, a

systematic trend in underestimating ozone was observed with RAMS. It was not the case

with ECMWF data, which correctly predict many ozone peaks but also overestimate

ozone over the coastal parts of the domain. Many of those wrong pollution alerts

appeared to be linked to a raw temporal and spatial definition of the breeze effects.

When averaging ozone concentrations over the day, best scores are obtained for the

CHIMERE-RAMS run, especially in the coastal zone and around the Berre pond, indicating

a noticeable effect of refined dynamical calculation on the diurnal cycle of ozone over

complex terrain and coastal region. The RAMS simulations allow a better temporal and

spatial reproduction of the local breezes and a better estimation of the nocturnal boundary

layer. The best results for the two models occurred for inland stations downwind the main

industrial emission area and can be related to an accurate location of the ozone plume. This

exercise has primarily to be interpreted in a bforecastQ point of view. Over the whole IOP2,
the CHIMERE-ECMWF version always gives better results than the CHIMERE-RAMS

version when ozone overpasses the 90 ppb limit. This surprisingly result is mainly due to
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the naturally bdiffusiveQ aspect of ECMWF fields. With CHIMERE-RAMS, the simulated

meteorological fields present sharper gradients and a small error in wind direction (for

example) leads to a missing peak when the modeled and the corresponding surface

measurements are compared for a particular station.
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Durance valleys on sea-breeze circulation in the Marseilles area. Atmos. Res. (ESCOMPTE Special Issue).

Beekmann, M., Derognat, C., 2003. Monte Carlo uncertainty analysis of a regional-scale transport chemistry

model constrained by measurements from the Atmospheric Pollution Over the Paris Area (ESQUIF)

campaign. J. Geophys. Res. 108 (D17), 8559, doi:10.1029/2003JD003391.

Carey Jang, J.C., Jeffries, H.E., Byun, D., Pleim, J.E., 1995a. Sensitivity of ozone to model grid resolution: I.

Application of high-resolution regional acid deposition model. Atmos. Environ. 21, 3085–3100.

Carey Jang, J.C., Jeffries, H.E., Tonnessen, S., 1995b. Sensitivity of ozone to model grid resolution: II. Detailed

process analysis for ozone chemistry. Atmos. Environ. 21, 3101–3114.

Cros, B., Durand, P., Cachier, H., Drobinski, Ph., Frejafon, E., Kottmeier, C., Perros, P.E., Peuch, V.-H., Ponche,

J.L., Robin, D., Said, F., Toupance, G., Worthham, H., 2004. The ESCOMPTE program: an overview. Atmos.

Res. 69 (3/4), 241–279.

Guenther, A., 1997. Seasonal and spatial variations in the natural volatile organic compounds emissions. Ecol.

Appl. 7, 34–45.

Hanna, S.R., Chang, J.C., Fernau, M.E., 1998. Monte-Carlo estimates of uncertainties in predictions by a photo-

chemical grid model (UAM-IV) due to uncertainties in input variables. Atmos. Environ. 32, 3609–3618.

Hass, H., Builtjes, P.J.H., Simpson, D., Stern, R., 1997. Comparison of model results obtained with several

European regional air quality models. Atmos. Environ. 31, 3259–3279.

Kumar, N., Russel, A.G., 1996. Comparing prognostic and diagnostic meteorological fields and their impacts on

photochemical air quality modeling. Atmos. Environ. 12, 3101–3114.

Menut, L., 2003. Adjoint modelling for atmospheric pollution processes sensitivity at regional scale during the

ESQUIF IOP2. J. Geophys. Res. Atmospheres, Esquif Spec. Sect. 108, D17.

Pielke, R.A., Uliasz, M., 1998. Use of meteorological models as input to regional and mesoscale air quality

models—limitations and strengths. Atmos. Environ. 32, 1455–1466.

Puygrenier, V., Lohou, F., Campistron, B., Said, F., Pigeon, G., Benech, B., Serca, D., 2004. Pulsated sea-breeze

and its influence on coastal boundary layer (ESCOMPTE 2001). Atmos. Res. (ESCOMPTE Special Issue).

Schmidt, H., Martin, D., 2003. Continental scale adjoint sensitivity of ozone concentrations in the Paris region

during the ESQUIF episodes. J. Geophys. Res. 108, D17.

Schmidt, H., Derognat, C., Vautard, R., Beekmann, M., 2001. A comparison of simulated and observed ozone

mixing ratios for the summer of 1998 in western Europe. Atmos. Environ. 35, 6277–6297.

Vautard, R., Beekmann, M., Roux, J., Gombert, D., 2001. Validation of a deterministic forecasting system for the

ozone concentrations over the Paris area. Atmos. Environ. 35, 2449–2461.

http://dx.doi.org/doi:10.1029/2003JD003391

	Impact of meteorological data resolution on the forecasted ozone concentrations during the ESCOMPTE IOP2a and IOP2b
	Introduction
	Ozone forecast during the ESCOMPTE campaign
	Needs for air quality forecast
	Forecast during ESCOMPTE
	The forecast model used: CHIMERE

	The ESCOMPTE second intensive observation period
	The two meteorological data sets
	Meteorological comparisons
	Diagnostic of boundary layer height
	Vertical soundings
	Surface mesonet measurements


	Ozone forecast results
	Quantification of forecasted ozone peaks
	Analysis of ozone time series
	Surface ozone maps

	Conclusion
	Acknowledgments
	References


