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Abstract
Onshore recirculation of pollutant due to thermally

induced flows at coastal regions can cause an increase
in pollutant concentrations inland. In the current

study a numerical mesoscale meteorological model,

coupled with an advection-diffusion air quality

model, has been applied to the Mediterranean coastal

area of Israel, in order to evaluate pollutant disper-

sion patterns associated with such recirculation.

Concentration fields from ground level emissions
have been assessed for frequently-occurring classes

of synoptic conditions which have a significant

pollutan1 recirculation potential.

Introduction

Thermal induced flows at coastal areas can lead to
the recirculation of pollutants which had earlier
been advected offshore. Assuming steady synoptic
conditions, recirculation can occur because of me-
chanisms such as: (i) the change from land to sea-
breeze during the morning hours; (ii) changes in the
coupling between an offshore synoptic flow and the
opposing sea-breeze during the daylight hours;
(iii) transport due to vertical circulation associated
with land-sea breezes.

Because sufficient meteorological data over water
bodies is not available, an observational quantita-
tive evaluation of pollutant dispersion for such
episodes is difficult to obtain. In the present paper
a two-dimensional version of a numerical mesoscale
model, whose formulation is given in Pielke (1974)
and Mahrer and Pielke (1978) has been applied to the
the prediction of meteorological fields of relevance
to the dispersion of pollutants. The results obtained
from this model are used as input for an advective-
diffusion air quality model using a similar procedure
to that described by Segal et al. (1980). This model
linkage approach is similar to those used in studies
by Dieterle and Tingle (1976) and Bornstein and
Runca (1977). Here, this methodology is applied to
the Mediterranean coastal area of central Israel as
part of a preliminary study of three frequent synoptic
situations under which pollutant recirculation is
possible by one of the mechanisms listed above.
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CO emissions are located within a 5 X 7 km region
of the fine mesh domain, adjacent to the shore at the
southern part of the domain, as indicated by the
dashed lines in Figs. 4 and 7.

The periods of simulation are relatively short, with
no initial and background concentrations assumed.
Additionally, the area of sources is smaller than the
actual urban area size in central Israel. Hence, the
predicted concentration patterns, which are based
on a constant emission rate of 10-5 g m-2s-1 repre-
sent only an illustrative quantitative estimate of
possible recirculations.

Results
The meteorological simulated fields in the first two
cases (summer day and advective sharav) are the same
as those reported in Segal et al. (1981). The numer-
ical model simulations begin at 2000 LST, after 6 h
of dynamic initialization. Concentration fields are
given in a horizontal plane at 10 m height and for two
selected vertical cross-sections (indicated by A and B
on the horizontal presentations; Figs. 4 & 7). The
horizontal wind velocity, vertical velocity and the
vertical eddy diffusion fields are illustrated in the
vertical cross-section figures.

Simulation Aspect
The numerical mesoscale model was applied along a
cross-section perpendicular to the Mediterranean
shore line at central Israel (as indicated in Fig. 1 by a
heavy line), using a horizon~al grid interval of Ax =
5 km and 14 vertical levels at: 5, 15,50, 100,300,

500, 700, 800, 1200, 1500, 2000, 3000, 5000 and
7000 m. The predicted wind and vertical eddy
diffusion coefficients from this model were then
interpolated to a 30 X 35 horizontal fine mesh, with
Ax = dy = 1 km, in which the advection-diffusion

equation is integrated using a time step of 45 s. The
vertical resolution for the advection-diffusion equa-
tion in the current study is the same as that of the
meteorological model.

The advection-diffusion equation has been applied
in its conservative form
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where C is the concentration, Kz is assumed to be the
same as the turbulent heat exchange coefficient,
U, v and ware the components of wind velocity and
S the source function. The horizontal diffusion terms
have been omitted in the present study due to the
dominance of advection in the horizontal direction
as a result of the spatial and temporal changes in the
wind velocity. The lack of importance of the hori-
zontal diffusion in simulations for area sources
(independent of the sources' areal size or their
distribution) when the wind acquires these charac-
teristics is also suggested in studies by Shir and Shieh
(1974), Liu and Goodin (1976) and Yamada (1977),
and concluded in the review given by Hanna (1975).
The horizontal pseudo-diffusion present in the
horizontal advection numerical schemes, discussed in
the above papers, furthermore reduces the necessity
for explicit horizontal diffusion terms. At this stage
of the experiments, the Crowley second order scheme
(Crowley, 1968) has been tentatively adopted for the
horizontal flux divergence in Eq. (1) while the
modification of the Crank-Nicholson scheme, as
suggested by Paegle et al. (1976), has been used
for the vertical diffusion term.

The vertical boundary conditions adopted in this
study are: -Kz(oC/oz) = S(x. y) where S is the emis-
sion flux at the surface; and at the model top C = O.
On the lateral boundaries: o(Cv)/on = 0, where n is
in the normal direction to the boundary.

Sources representing hypothetical ground level

Summer Day

A typical surface synoptic pattern over the area
during the summer is a surface trough (Fig. l.a)
which causes a westerly synoptic flow. Sea and land
breezes dominate during this season along the coast,
resulting in a repetitive daily surface wind cycle
(Skibin & Hod, 1979; Doron, 1979).

In this simulation, the emissions begin at 0100
LST. Figure 2.1 presents the predicted wind veloCity
at the end of the nocturnal regime (0500 LST) where
a southeasterly land breeze within a shallow surface
layer changes to southwesterly synoptic flow aloft.
In this simulation the thermal stratification over
the water is slightly unstable, causing moderate
vertical mixing there. On the other hand, along the
inland section a nocturnal surface stable stratification
results in weaker vertical mixing conditions (Fig. 3.1).
Hence, offshore advected pollutant concentrations
are lower in the surface level than the inland pre-
dicted concentrations (Figs. 2.1 & 4.1). (It should
be pointed out that the evaluation of the eddy
diffusion coefficients (Kz) over the water body in
this simulation is significantly affected by the initial
assumed atmospheric thermal stratification.)

It is of interest to compare the relative role of
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Fig. 6. Same as Fig. 3. except for advective sharav.

ground, causes relatively high concentrations over
the water (as illustrated in Figs. 5.1 & 7.1 for 1500
LST). At this hour, the sea breeze intensification has
already caused some eastward shift of the pollutants
(in the advective sharav simulation the domain was
extended westward to avoid return influx of pollu-
tant from the lateral boundaries). Towards evening,
the northwesterly to northerly sea breeze transports
pollutants to the shore line (as shown in Figs. 5.11
& 7.11 for 1730 LST). Later, because of the flow
direction, simulated by Segal et al. (1981), a slight
onshore penetration of the surface pollutant is
expected south of the source area. Since turbulence
over the water is negligible and confined to a very
shallow layer, the vertical transport of pollutant,
as shown in Figs. 5.1 & 5.11, is attributed solely to
the upward vertical motion associated with the sea
breeze convergence zone.

turbulent mixing of low-level pollutants over the sea
into the southwesterly flow.

Following sunrise, the onset of southwesterly
flow near the ground due to the elimination of the
land breeze (as illustrated in Fig. 2.11 for 0730 LST)
is accompanied by the onshore transport of pollu-
tants which were earlier advected over the sea.
Hovlever, the enhancement of the vertical turbulent
mixing over the land as the PDL deepens (Fig. 3.11)
reduces the surface concentrations caused by advec-
tion from emission sources and by the onshore
recirculation (Figs. 2.11 & 4.11).

Calm Winter Day
The onset of a ridge over the region (Fig. I.d)

following the eastward passage of a low pressure
system is usually associated with a light northerly
synoptic flow (Levi, 1967). In this situation, weak
land and sea breezes dominate the flow pattern along
the coastal area. Thermal stratification in the lower
atmosphere over the Mediterranean Sea during the
nocturnal period is likely to be unstable. For this
case study the model initialization is based on a
prescribed vertical profile of northerly geostrophic

Advective Sharav
During the spring and fall, low pressure synoptic

systems, as illustrated in Figs. l.b and 1.c, frequently
occur over the region. These situations are charac-
terized by a warm and dry easterly flow in the lower
atmosphere, indicated by Mahrer and Segal (1979),
and cause a very stable thermal stratification over
the water. The sea breeze circulation is shifted
offshore, its inland penetration, mostly during the
afternoon hours. being determined by the intensity
of the synoptic flow (Ganor, 1970).

Beginning the emission at 1000 1ST, pollutants
are advected offshore by the southeasterly synoptic
flow (Fig. 5.1). The reduced vertical mixing over
the water (Fig. 6), in addition to the weakening
of wind speeds due to the development of an onshore
pressure gradient generated by the heating of the
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Fig. 8. Same as Fig. 2. except for calm winter day (concentra-
tions along A).
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Fig. 7. Same as Fig. 4, except for advective sharav.

0830 

LS Twind with a speed of 1 m S-l throughout the model
domain. The vertical profile of temperature and
moisture has been prescribed based on selected
January relevant radiosonde data for Bet-Dagan.

Pollutant emissions begin for this simulation at
0100 LST. Advected offshore by the land breeze,
over a moderately turbulent unstable maritime
surface layer, pollutant concentrations are reduced
considerably compared with those over the source
region. The land breeze persists until late in the
morning because of the late sunrise and the relatively
weak heating of the ground during this time of year.
By 0830 LST (before the termination of the land
breeze circulation), the vertical mixing of pollutants
over the water is sufficiently deep to penetrate
into the return circulation layer aloft, thereby causing
a slight onshore transport (Figs. 8 &.9). The upward
vertical velocities cell associated with the land breeze
is relatively far offshore and, therefore, has no direct
effect on this recirculation. (Actually the zone
immediately offshore is affected by downward
vertical velocities (Fig. 8».
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Fig. 9. Same as Fig. 3. except for calm winter day.

between the predicted meteorological and dispersion
fields.

Illustrations are given for three types of recircula-
tion expected along the coast of Israel. These are the
diurnal variability of wind direction (e.g. for the
summer case), changes in coupling between offshoresynoptic 

and the opposing sea breeze (e.g. during

Conclusions
The purpose of this paper was to evaluate by model-
ling the possible recirculation of pollutants over
central Israel. We sought to give a balanced emphasis
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the advective sharav), and transport by a sea-land
breeze verticat circulation (e.g. during the calm winter

day).
The vertical diffusion over the lower maritime

atmosphere of the Med.iterranean Sea is indicated
as having a crucial role on the patterns of pollutant
onshore recirculation due to previous coastal area
ground level emissions. Since offshore vertical dif-
fusion is significantly affected by the atmospheric
thermal stratification, the correctness of the initial
imposed vertical temperature proftle over the water
is of major importance, when the surface thermal
forcing is unable to cause a proftle adjustment. Only
in the advective sharav simulation is the marine
thermal stratification always adjusted in this sense,
because of the dominant offshore advection of warm
air. In the other two cases (summer day and winter
day), the initial lower atmosphere thermal stratifica-
tion may not always be adjusted. Hence, in these
cases the accuracy of the results is linked to the
adequacy of the assumption made about the initial
temperature profile in the lower maritime atmo-
sphere. Future studies of the evaluations presented
in the current paper should address these points,
as well as consider the real emission sources in order
to obtain further improvement and refinement.
Although such objectives were not pursued in the
present study {because of technical limitations),
the evaluations given here provide an initial insight
into pollutant recirculations in the discussed area.
The results suggest that the advective sharav case is
of highest potential for a significant increase in on-
shore concentrations due to recirculation.
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