ncian J. Phys. 77B (5), 503-512 (2003)

Numerical modeling for the study of ozone transport in sea-breeze
circulations at Sfax (Tunisia)

A Maale)'*, C Azri?, K Medhioub® and R Rosset?

! Facult¢ des Sciences de Sfax (FSS), Département de Physique.
3018, Stax, Tunisia
2 Faculté des Sciences de Sfax (FSS). Département des Sciences de la Terre,
3018, Sfux, Tunisia
' Institute Prépaiatoire aux Etudes d'Ingénicurs de Sfax (IPEIS), Sfax. Tumisia
¢ Laboratoire d'Acrologte UMR CNRS/UPS 5560, 14 av. E. Belin,
31400, Toulouse, France

E-mail  ahmedmaaley@yahoo.fr

Received 4 October 2002, accepted 24 June 2003

Abstract An ozone pollution cpisode typically at the mesoscale 1s studied for the summer period 14-15 July 1995 in the region of Sfax (Tunisia)
uch s submutted to strong sea-breeze circulations. At such regional scalces, sea-breeze circulations are key dynamic features in the processing of natural
nd anthiopogenic emissions 1n coastal, urban and industrial arcas and inland, rural areas The 10le of moving sea-breeze fronts on air pollution in the
oo of Stax 1s mvestigated with the use of the mesoscale model Meso-NH-C (Mesoscale Non-Hydrostatic Chemistry model) in which the meteorological
Jul Meso-NH 1s coupled on-line with a chemistry module  Vatious assumptions are presented for Meso-NH-C - ¢ g compact of the chemical scheme
wluee the computational costs and the definition ot procedures to fill in the lack of enussion inventory data. Sensitivity studies about the impact

L sca-bieese fronts on the transport and diffusion of ozone at coastal and wnland areas of Sfax are presented The Meso-NH appears to realistically
winulate the sca-breeze circulations Sea-breeze front penetrauon nland followed by 1ts merging and interaction with strong contincntal convection

awsed an ozone dispersion in the period studied
kevwords

I'ACS Nos.  © 94 10 Fa, 92.60 Sz

I, Introduction

Comprehensive transport/chemistry models are quite effective
tols for improving our knowledge of the mechanisms involved
n arr pollution episodes. Several studies using such models
have been used to elucidate the effect of land-sca-breezes on
air pollution transport in complex atmospheric-chemical
environments [ 1-5].

In the present study, characteristics of the transport of ozone
are investigated using a detailed coupled meteorology and
chemistry mesoscale model Meso-NH-C [6]. This coupled model
'S applied to a typical situation of summer breezes in the region
of Stax [7}, where few results have been published on air pollution
In Stax [8, 9]. These results concerning urban network

' Couesponding Author

. Mesoscale modeling, sca-breeze circulations, pollution transport, ozone dispersion

measurements of gases and aerosols, can not be used in this
regional study.

In this study, the first of its kind for Sfax, an industrial town
at the Mediterranean shores of Tunisia (Figure 1), we had to
make a gross estimation of emission fluxes of atmospheric
pollutants. We have selected the typical summer situation on
14-15 July 1995. During this period. Meso-NH appears to
realistically simulate the sca-breeze circulations using ECMWF
(European Center for Medium range Weather Forecast) [10] data
for the dynamic initialization.

2. The 14-15 July 1995 episode

2.1. Sea breeze development :

As regards the meteorological conditions in summer, the region
of Sfax is usually sunny with a very dry land and a regular soil

©2003IACS
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water deficiency from June. These climatological features result
in the [requent development of sea-breezes in this Mediterranean
region, almost every day 1n July and August. From the data
collected at the Insutut National de Météorologie (1.N.M), we
have selected a set of July days in which sca-breeze circulations
appear quite strong.

1L
MEDITERR

11°k
. 34N

0 200k

° !ﬂ

Figure 1. Location map of S{ax tegion m Tumisia sunulation domain

(200km by 200km)

We have selected the case of July 14, 1995 characterized by
a strong temperature gradient between land and sea (Figure 2a),
at the origin of sea breezes.

In addition, the wind rose at Sfax meteorological station
(Frgure 2¢) on that day. 1s also typical of sca-breezes cpisodes.
With a clear anticorrelation between temperature and relative
humidity in the presence of clear sky for this summer day (Figure

2b), we have simulated the dynamic circulation in the region of

Sfax for cloudiess sky.

2 2 Regional ozone pollution :

Only few results have been published upon detajled
measurements of the pollution in Sfax [8.9]. In this study. only
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emission fluxes and initial concentrations of atmospher,,
pollutants estimates could be used. Ozone has been Mitializey
with a single vertical profile : further explanation 1s given
another section of this paper.
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Figure 2. Dwrnal vanauon ol temperatute over land and sea surbice (e
("C). of 1elative humidity (b) (%) and wind direction and suength (¢), on
July 14, 1995, at the shore station n the region of Sfax

3. Simulation of the 14-15 July 1995 pollution episode

3.1. The Meso-NH meteorological model :

The Meso-NH Atmospheric Stmulaton System [6] has jomth
been developed by the Centre National de Recheiches
Météorologiques (CNRM/Meteo-France) and Laboratone
d'Aérologie (LA/CNRS). The Meso-NH model 1s a non
hydrostatic numerical model covering a large range ol
atmospheric scales, from alpha to gamma scales [11]. This model
relics on a comprehensive physical package, a set of initializaton
facilities, exther idealized or interpolated from real meteorologicil
analyses and/or forecasts. Some of the main characteristics ol
Meso-NH for our present purpose are as follows - an updated
description of the land surface scheme ISBA (Interaction S(‘H|
Biosphere Atmosphere) is used, with recent improvements for
evaporation from bare soils, the inclusion of gravitational s(.u|
drainage, a unified formulation of soil transfer coefficients for
heat and mossture and a new version for surface drag coefficicil®
[12].

The radiative scheme comprises two parts : solar visible
radiation (ECMWF [ 10]), with the Madronich's scheme [ 13] used
for ultraviolet (UV) and photochemistry.
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Meso-NH is available in three (3D)-, two (2D)-, one(1D)- and
se10(0D)- dimensional versions. The 3D and 0D (box) versions
nave been used here. In the following, 3D results will be
displayed.

Nevertheless, some information about the particular use ot
the 0D version is necessary. This 0D model is not used n the
wnal Lagrangian mode for air mass transport. Instead. it 18 used
«nan Bulerian mode for two purposes. First, it gives a costless
wav ol comparing the full EMEP (Evaluaton Monitoring
| wopean Pollution) | 14, 15] chemical scheme against the derived
reduced scheme used 1n the study (see next paragraph).
secondly. apart from neglecting weak horizontal transport and
aith the assumption of instant vertical mixing below the
anversion, this 0D (box) model allows for complex local chermical
evolutions 1n the atmosphere under imposed emissions fluxes
Al the surface.

0 The chemustry module :

'hemistry modules coupled with three-dimensional (3D)
aeteorological models generally have to be reduced for different
reasons  The first reason 1s obviously one of excessive
.omputational costs. Second. due to severe limitations in

ayperimental data bases, 1t 1s not possible o imtialize most of

the chemical species and to introduce detailed actual emission
“ales Thisis why the full EMEP (LACTOZ) | 14, 15 and LLOYD
10, 17] schemes (87 species and 166 reactions) have been
icduced to 13 prognostic spectes and 19 reactions (Table 1).
The critena for this reduction arc essentially based on the

Lable 1. The reduced chemical scheme with associated Kimetic constants
"um ' molecule s and em™® molecule T sT! respectively for finst,

sceand and thid order 1eactions

ms

Foaction Kinetic constant

I NO+O, = NO, + 0, k, =182 x 104
> CO+OH - HO), h,=241x 10"
UHO, 4 NO — OH + NO, k, = 856 x 1072
4 NO, 4 OH - HNO, ko= 114 1o
Y CH,+OH » RO, k, =645 x 10
f NMHC +OH = RO, k, = 413 x 10

7RO, 4+ NO
8Ol + HO,
Y HO, + HO,
10 RCHO + OH
1 RCO, + NO,

12 PAN
17 NO,
14 0, )
i RCHO
b RCHO
" RCHO
¥ RCHO
9 RCHO

- NO, + HO, + RCHO
— loss

— loss

— RCO, + H,0

— PAN

- RCO, + NO,

-» 0, + NO

— 20H

— CO + 2ZHO,

- O

- RO, + HO, + CO
- RO, + HO, + CO
- RO, + HO, + CO

k, =9 x 10

ky=111x10%
h, = 545 x 10"
k=176 % 107"
k, = 681 x 10

k, = 7806 x 10
Jyor = 11 % 107
Joy=51x10%
Jon =24 %10°
Jeouy =36 % 107
Japeno = 5:1 % 107
Jm.Ho-42x 10
Tpyeno = 4:2 % 10°

spectrum of hydrocarbon (VOCs) time scales in mesoscale
pollution events | 18]. According to Walceh and Yuan | 19], one
has introduced a hybrid class ot VOCs (NMHC for Non-

Methane llyd(o(‘urhuns). assumed to be representative of
polluted areas.

This reduction procedure has been developed under the
constraint of optimal simulation of the ozone concentrations,
since ozone 1s the species of particular interest here

A more detailed account of the reduced chemical scheme s
givenin Table 1. A number of tests (not reported here for brevity)
have been performed using this reduction procedure. These
tests have been made using the Meso-NH 0D (box) version.
both with the full EMEP and the reduced scheme. In these tests,
it has clearly appeared that due to our reduction assumptions.
the chemical scheme cannot apply in the immediate vicinity of
emissions sources, but only at a distance |4]. In the present
study. this reduced chemical scheme can be applied because
the focus is on regional ozone distribution.
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3.3. Simulation characteristics :

The simulation of realistic metcorological situations 15 an
importnat scope of Meso-NH. The preparation of initial fields
by interpolation of larger-scale meteorological analyses of
forecasts, in a format ready to start a Meso-NI experiment, 15
therefore an important task. The Meso-NH mmitial file 1s obtained
by the combination of physiographic and Aladin meteorological
data files (Figure 3).

The Aldin file containing meteorological ficlds are extracted
from ECMWI or Meteo-France operational archives. We take
advantage of the fact that the Aladin model of Meteo-France
[20] works with the same conformal projections as Meso-NH to
mimmize the number of horizontal interpolations aiming to
preserve the integrity of the meteorological information. The
dynanucal fields are first imtialized and then subsequently forced
as boundary conditions in Meso-NII using the French
operational ARPEGE model analyses [21].

A physiographic data file is nceded 1n order to specify the
geographical domain for the Meso-NH simulation and to initialize
general data about the surface (land-sca mask, orography.
vegetation, ground composition, albedo,....). The physiographic
data are grouped 1nto four categories (1.¢., the geographic fields,
the soil and vegelation characteristics, and the fields related to
the radiation), as shown in Table 2. In the region of Sfux, the
surface data necessary to construct this physiographic file 1s
not available. We have used default helds.

‘Table 2. List of the entry surface ficlds

Geography Land-sca-lake mash 0 sea .l Jand, 2 lake or
inland-water
Zs Topography
Zy o Roughness length of the rehel
(opuonal , can be recalculated
from orography)
Soil clay Clay fraction of the ground
sand Sand fraction of the ground
Vegetation veg Fraction of vegelation
4 Depth of the soil column
LAI Leaf arca index
C Heat capacity of the vegetation
Z 0 Roughness  length of  the
vegeltation
2y Thermal Roughness length of
the vegetation
R, Minimum stomatal resistance
Radiation [C Albedo for the solar radiation
a, Albedo for the nfrared radiation
€ Emissivity

Of course, these fields have relatively coarse resolution, of
the order ot one degree, but they are global, and thus assure the
Meso-NH users that reasonable surface characteristics will be
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considered in their simulation. These default surface field in
the Table 2, are created as follows :

(®  The land-sea-lake mask field has a resolution of l
minute. Itis taken from the Micro World Data Bank )

(i)  The topography field has a resolution of S minutes, |,
1s taken from the TerrainBase database [22].

(i)  The soil characteristics, i.e., the clay and soil field,,
are directly read from the Webb et al classification
[231]. with an horizontal resolution of 1 degree

(v)  Many other surface fields are derived from the type
of vegetation, which is classified according to Wilson

et al [24] and represented on 1-degree grid.

(v)  The albedos are obtained from values deduced from
the color of the soil and the type ot vegetation
following correspondence tables given i Wilspn ¢
al [24].

These surface fields arc used in the ISBA model forthe
cvaluation of the surface fluxes of momentum, sensible hear,
and moisture, as well as the evolution of prognostic variabies
(the surface temperature, the mean temperature, the soil
moisture, ...).

The geographical domain sclected 1s large enough (200 km
by 200km honizontally and 4000m vertically) (Figure 1) The
horizontal grid resolution 1s Skm against 62m in vertical resolution
near the surface rcgularly increasing to 600m at the top of the
model. We have 32 vertical levels ranging from the lowest level
(Om) and the top level (4000m).

We will follow the dynamics and chemustry evolutions for a
period of two successive days (14-15 July 1995). The beginning
of the simulations is the 14 July 1995 just before sunrise (0600
LST).

3.4. Chenucal immnalization :

3.4.1. Vertical profiles of chemical species

The prognostic chemical species of the coupled dynamic
physico-chemical model (Meso-NH-C), are initialized by vertical
profiles.

In this study, severe limitations are due to the lack of
experimental data. In the simulations, ozone is initialized witha
vertical profile. High concentrations of ozone in the frec
troposphere, progressively decrease in the boundary layer due
Lo the activation of oxidation reactions and dry deposition neif
the surface.

A vertical profile for ozone has been defined for 0600 LST
(just before sunrise), at the beginning of the simulations (Figure
4). In this profile, ozone concentrations have a constant value
of 54 ppb over 2000m. Below this height, there is a linear chfC‘f“'
in ozone concentrations down to 35 ppb near the surface. For
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other prognostic species, a constant vertical profile is imposed
{Table 3).

4000 T T
3000
Height (m)
2000 P
/// ’
1000 e ]
E
n"l‘
o “' e A
35 40 a5 50
O, (ppb)

Igure 4. Estimated vertical profile for ozone at 0600 LST in the lower
noposphete of the region of Sfax

Ovrone and the other 12 prognostic species (Table 3) are
coupled with the meteorological model Meso-NII. At each time
step of Meso-NH at each physical grnid point, a set of 'suff’
differential equations (the lifetime of the different chemical
species may vary by upto ten orders of magnitudes) describing
the chemical evolution of the prognostic species 1s solved. Also
ateach step and cach time step, the reaction and photolysis
rales are calculated as a function of the meteorological variables
(cmperature, pressure, humidity,....

lable 3. imtialisation of chemical species concentrations

Chemucal species mtial valuc (ppb)

3.4.2. Chemucal emissions

There is presently no detailed emission inventory available for
the Sfax region, at required space and time resolutions. Qur
purpose here 15 (o define an order-of-magnitude estimate
chemical emission sources in the simulation domain.

On the continent, zonation of the Sfax region (Figure 5)
indicates the different emission zones according to the horizontal
resolution of the model. We imposed the surface emission rates
for cvery emitted species in each surface grid cell (5 x Skm?) of
the simulation domain. The values of surface emissions fluxes
for nitrogen oxides (NOx) and NMHC for the different
ecosystems are presented in Table 3. The emission rates from
the different ecosystems being generally greater during the day
than at might, we have imposed an emssion flux of NOx and
NMHC five imes larger during the day than at night (Table 4).
The maritime emissions of NOx and NMHC are neglected [26,
271
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Figure 5. Uithan sone and vegetation cover n the regron of Sfax

Table 4. Estimated NOx and NMHC ¢nussions for the different ecosystems
from the region of Sfax

Surface flux (molecule cm=s")*

NO 005
NO), 01
HINO, 0.1
on 0
HO, 0
co 120
CH, 1700
NMHC 10
RO, 0
RCHO 2
RCO, 0
PAN 2

The reaction scheme that is presently implemented, contans
13 chemical spccieé and 19 photo-chemical reactions (Table 1)

The boundary conditions, advection and turbulent transport
ot chemical species are treated in the same way as for the Meso-
NH water variables [25].

NO NQO, NMHC
Urban and mdustrial zones 1" 10" 5 x 107
Olive groves 10" 10t 1o
Almond groves 1o" 10t 10"
Sahclian zone 10" 10°* 10

* nocturnal value divided by S.

4. The 14-15 July 1995 episode modeling results

4.] Simulated sea-breezes :

On July 14, 1995, a typical sea-breeze development is
observed (Figure 6). Inland penetration of sea-breeze front



To illustrate the sea-breeze development and its impac o

the transport and diffusion of coastal pollutants, a vertical crqg,
section 1s displayed along the AB transect of the thye,
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reversal of the flow 1s observed, with a weak land-breeze

develops during the day, reaching 80 km at 1800 L.ST. At midnight.
creulation.
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dimensional field (Figure 7). In this transect. total wind velocities
and turbulent kinetic energies are supenimposed (Figure 8).

At 07007 LST, very low wind speeds are observed in the
very stable bouridary layer. At noon, there is deepening of the
mixed layer with srong sea-breeze circulation together with
separated strong convection inland.

At 1600 LST, the inland penetration of the sea-breeze front
reaches about 70 km, quite close to the convection zone inland.
The mixed layer reaches a height of about 3000 m with an
elevated area of turbulent kinetic energy probably due to wind
shear.

Then, at 1900 and 2100 1.ST, with reduced surface heating,
urbulent kinetic energy 15 decreased. Nevertheless, we sl
observe further penetration towards inland of the sea-breeze
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front. At mdmight, a light land-breeze circulation is observed,  and industrial areas of Sfax, which are strong emitters of N¢),
corresponding to reversal of the flow near the surface. (Figure 12a).

Time = 0800 LST The 82 ppb limit isocontour  Time = 1200 LST The 82 ppb fimt isocontog
Ir

Y O-one ov on -
4.2. Ozone evolution . BT m R

Ozone and the distribution of 1ts precursors tn the low
troposphere, mainly results from the strength of surface
cmisstons of nitrogen oxide (NOx) and non-methanc
hydrocarbons (NMHC), as well as the meteorological conditions
lcading to accumulation of these trace gases in the urban and
rural arcas of Sfax Sea-breceze circulations are the major
meteorological phenomena affecting the pollutant distribution
at this period of the year.

Time = 1500 LST The 82 ppb imitisocontour  Time = 1800 LST The 82 ppb limit 150CON0yr

In this work, we only display the ozone evolution in 3D 847 m

perspective (Figures 9, 10, 11). During the simulation, we have
illustrated the effect of sea-breeze penetration inland
Interpretation of this 3D evolution becomes easier for
considering the impacts of sca-breeze and continental
convection (reference to horizontal cross sections at second
model level (62m) (Figures 12, 13)). The model has been run
during two drurnal cycles (July 14 and 15, 1995).

~. Land p
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Time = 0900 LST The 82 ppb limit 1socontour ~ Time = 1200 LST The 82 ppb limit tsocontour Figure 10. (¢) 2100 LST. () 0000 LST. (g) 0300 LST. (h) 0600 LS 1. on
3847 m Z384Tm

July 14 and 15 1995 (Represented o 3D perspective only, the
concentrattons greater than 35 ppb for (c,f.p¢) and 51 ppb for (b
(continuation))

This ozone production 1s due 1o NO, photolysis activaled
from sunrise (at 0600 [.ST). The effect of land convection i

F;\\E’"j significant with upward transport ol'ozone within the convective
s boundary layer.
(a)
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Time = 1500 LST The 82 ppb limit isocontour  Time = 1800 LST The 82 ppb limit 1soconlour
Figure 9. Sumulated ozone (O)) concentrations duning 33 hours The
reading’ of this figure becomes casier lor considering the impacts of sea-
breeze circulation and continental convection (reference to horizontal
cross sections 120 13) (a) 0900 LST: (b) 1200 LST, (¢) 1500 LST. (d
1800 LST. on July 14 1995 (represented in 3D perspective only, the
concentiations greater than 82 ppb

Ozone 1s produced by NO, photolysis in the proposed
chemical scheme (reaction (13), Table 14, 14, 15]). Itis destroyed
by photodissociation (reaction (14), Table | (4, 14, 15]) and 15
partially titrated near the surface by reaction (1) in Table 1.

Figure 11. (i) 0900 LST, () 1200 LST, (k) 1500 LST, (1) 0600 LST ,:"
Only July 14, 1995 at 0900 LST (Figure 9a), after three hours  July 15 1995. (represented 1n 3D perspective "“'y the concentratt
) . ' b (end
of simulation ozone concentration exceeds 82 ppb over the urban greater than B2 ppb (end)).



Numerical modeling for the study of ozone transport etc

At 1200LST (Figure 9b), the effect of combined convective
Jevelopment and inland penetration of the sea breeze on ozone
Jistnbution is quite significant. Ozone is displaced in the lower
[avers by the sea breeze with a maximum of concentration at the
iront level about 20 km from the coast. Over urban and industrial
areas. the loss of ozone is due to the transport of this pollutant
hy sea breeze front followed with ozone reaction with NO
\;r(\ngl y emitted in these areas (Figure 12b).
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hgure 12. Horizontal crass section for simulated ozone (Q,) (ppb) along
e second model level (62m), during 33 hours  (a) 0900 LST, (b) 1200
5T (e) 1500 LST, (d) 1800 LST: (¢) 2100 LST: (f) 0000 LST. on July
141995 Contours, in intervals of 30 ppb for (a, b), of 20 ppb for (c. d),
2E8 ppb for (¢) and of 6 ppb for (N

AL 1500 LST (Figure 9¢), ozone is displaced in land by the
sea breeze front. In the lower layers (Figure 12c), ozone
toncentrations exceed 60 ppb at the sea-breeze {front in rural
areas, where three cells included a maximum of ozone
toncentrations over 80 ppb. These cells are located over the
whelian zone ( Figure 5), where low NOx emission occurs. Over
Stax urban and industrial areas, ozone loss is quite remarkable,
“1th ozone concentrations lower than 40 ppb as compared to
Y7one increase in rural areas (over 80 ppb). This loss is explained
hoth, by the transport of ozone from the coast by the sea-breeze

s

front and the strong NOx emissions in urban areas favoring
trapping of ozone by its reaction with NO.
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Figure 13, (g) 0300 LST, (h) 0600 LST, (1) 0900 LST, (j) 1200 LST,
(k) 1500 LST: (1) 1800 LST, on July 15 1995 Contours, in intervals of 6
ppb for (g). ot 8 ppb (ot (h), of 20 ppb for (1, k, 1) and of 30 ppb lor (j)
(end)

At 1800 L.ST (Figure 9d), ozone transported by the sca-breeze
front reaches strong convection zone as much as 80 km inland
(Figure 8c). The impact of this continental convection appears
by a strong upward flow of ozone at a level of interaction zone
between this convection and sea-breeze front. In a lower layer
(Figure 12d). three cells having a strong ozone concentration,
are displaced in land by sea-breeze front. The central ccll, the
must displaced one, is located along the direction of sea-breeze
inland penetration (Figure 6d).

Atnight of July 14, 1995, from 2100 L.ST to 0300 LST of July
15, 1995, in absence of solar radiation, there is no production of
ozone by NO, photolysis. The reaction of ozone with NO
determines a significant decrease of ozone near the urban and
industrial areas characterized by strong NO emission rates. This
loss of ozone appears ini Figures 10 (e, f, g) by the convex surfaces
observed over urban areas. Ozone concentrations are lower than
35 ppb under these surfaces. This nocturnal destruction of ozone
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also appears 1n the horizontal cross sections at the second model
level (62m) (Figures 12, e, f and 13g). In these low layers, the
cffect of the weak land-breeze 1s shown by the transport of
ozone over the sea. In 3D perspective, Figures 10 (e, f, g) show
the stability of nocturnal boundary layer with stratified ozone in
altitude (1 e. progressive increase of ozone concentration from
the surface to the free troposphere). At sunrise (0600 LST) on
July 15, 1995 (Figure 10h), there 1s a spectacular and rapid increase
of ozone concentrations near urban and industrial areas, which
are strong sources of NOx This increase of ozone is explained
by activation, just after sunrise, of the chemical production of
ozone by photodissoctation of NO, 1n low layers, the effcct of
the weak land-breeze ncar the surface is still observed ; ozone
generated over urban areas 1s displaced towards the sea by the
land-breeze (Figure [3h).

On July 15, 1995 at 0900 L.ST, 1200 L.ST, 1500 L.ST and 1800
LST respectively (Figure 11 1, ), k, ), we observe an ozone
evolution similar to the one on the day of July 14. Such a similarity
1s to be found in the analogy of atmospheric cuculations on
July 14 and 15, 1995, under the dominance ot sea-breeze
crrculations and continental convection (Figures 1., k, ). In
addition, ozone formed on July 14, 1995 1s completely displaced
out of the simulation domain -

® inlow layers, by inlund penetration of the sea-breeze
front.

e ataltitude, by the synoptic winds after strong upward
transport due to the interaction between the sea-
breeze front and continental convection (Figure 8c¢).

On July 15, 1995, there is no ozone accumulation after the
two previous diurnal cycles, with only addition of residual ozone
at the end of July 14 day (only 35 ppb) and ozone subscquently
formed on July 15.

5. Some conclusions and perspectives

An ozone pollution episode has been studied in the region of
Stax on 14 and 15 July of 1995. During this period. Meso-NH
model appears to realistically simulate the sea-breeze
circulations. Sea-breeze front penctration in land followed by
its merging and interactton with continental convection has been
analyzed.

Implementation of reactional chemistry in the dynamic
crculatuons of 14 and 15 July, 1995 shows the effect of sea-
breeze front penetration and continental convection on the
formation, transport and distribution of ozone.

In this study, after two diurnal cycles (14 and 15 July), we
have not observed an ozone accumulation over the region of
Sfax:

e inthe low layers, the sea-breeze has displaced mIﬂnd
the ozone generated at the coast.

at altitude, the synoptic wind has displaced 0zone,
after strong upward transport due to interactyop
between the sea-breeze front and continenty)
convection.

Several improvements could be expected by installing som
urban and rural stations in the region of Sfax, extending ang
refining the chemical scheme and perhaps more important by
better documenting the emission source inventory.
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