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Summary

A set of mesoscale numerical simulations using the
Emanuel and Kain-Fritsch deep convection schemes has
been performed in order to determine the sensitivity of the
forecast — especially, the rainfall — to the scheme used. The
study is carried out for two cases of heavy precipitation in
the coastal zone of the Western Mediterranean, where the
topographic forcing is of primary influence. The first one,
characterized by an almost stationary synoptic situation, is
dominated by warm, moist advection at low levels; the
second one, of frontal type, presents a much stronger
dynamic forcing at upper levels. Although the comparison
attempt is conditioned by the limited number of considered
cases, the numerical results provide at least some
preliminary conclusions. The inclusion of a convective
scheme improves the forecast precipitation, through two
actions: directly, producing more realistic rainfall patterns
in areas of convection; indirectly, avoiding excessive
precipitation in areas with orographic or dynamical upward
forcing by drying and stabilizing the atmosphere upsiream.
In particular, the Kain-Fritsch scheme seems to be more
sensitive to the orographic forcing, in agreement with
observations.

1. Introduction

Attending to its frequent occurrence and hazar-
dous consequences, heavy precipitation is the
most serious weather phenomenon that affects
the western Mediterranean region (depicted in
Fig. 1). As extraordinary records, more than
200mm in 2hours were registered in Ibiza

(Balearic Islands) on 15 November 1985 (Ramis
et al., 1986), 305 mm in 24 hours in Banyuls sur
Mer (southern France) on 3 october 1987 (Ramis
et al., 1994), and more than 800 mm in 24 hours
in Gandia (Valencia) on 3 November 1987
(Ferndndez et al., 1995). But many other
examples occur every year in coastal regions of
Spain, France and Italy, particularly during the
autumn season when the Mediterranean sea is
quite warm. Font (1983) shows that daily rain-
falls exceeding 200 mm have been recorded at
most of the observatories of Catalonia and
Valencia regions (Fig. 1).

Riosalido (1990) has shown that most of the
heavy rainfall events in this area are produced by
quasistationary Mesoscale Convective Systems
(MCS), although they typically are relatively
small in size and practically never fulfill the
criteria for a Mesoscale Convective Complex
(MCC) given by Maddox (1980). Several Span-
ish heavy rainfall cases studied in recent works
(Ramis et al., 1994; Ramis et al., 1995; Doswell
et al., 1998 (hereinafter referred to as DRRA9S)),
including those considered in this paper, shared,
in the zone affected by heavy precipitation, a
common synoptic scenario favorable for convec-
tion development and its maintenance: moisture
convergence in the lowest 1500 metres, upward
quasi-geostrophic forcing at 850 hPa, convective
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Fig. 1. The western Mediterranean region and its orography
(contour interval in 300m starting at 100m). The sites
mentioned in the text are indicated

instability in the 500-1000hPa layer, and high
values and/or sharp gradients of Convective
Available Potential Energy (CAPE). In addition,
the important topography that surrounds the
Mediterranean basin (notably, the Alps, Pyrenees
and Atlas Range; see Fig. 1) plays a decisive role
by organizing the low-level flow and focusing
convection in coastal areas, as has been shown in
a numerical study of a heavy rain event in Cata-
lonia (Romero et al., 1997).

The feasibility of numerical simulations for
heavy rain events in the western Mediterranean
has been already demonstrated by, among others,
Paccagnella et al. (1992) for a heavy rain event in
the Po valley, Fernandez et al. (1995) for a case
occurred in Valencia, Romero et al. (1997) for a
case in Catalonia, and Romero et al. (1998)
hereinafter referred to as RRADS98) for recent
episodes in Valencia, Balearic Islands and
Piedmont area (Fig. 1).

Of course, at the resolutions of those numer-
ical simulations (typically, grid lengths of
20km), the use of some type of convective pa-
rameterization scheme seems still necessary
since moist convective processes in the
atmosphere occur almost exclusively on spatial

scales smaller than those explicitly resolved.
Based on different assumptions, several tech-
niques for estimating the rate of subgrid scale
convective precipitation and the redistribution of
heat, moisture and momentum produced by the
ensembles of convective clouds have been
developed to be used in numerical models
(Frank, 1983). In this work we consider two of
the most recent schemes among those techniques
and apply them in the simulation of two heavy
rainfall cases that occurred in the western
Mediterranean. One of the schemes (Emanuel,
1991) assumes the existence of a state of quasi-
equilibrium between the rate of large scale
atmospheric destabilization and the rate of
stabilization by the convective processes, and
the second one (Kain and Fritsch, 1990) relies on
the local CAPE. In addition, the trigger mechan-
isms are different in both schemes.

We intend to evaluate how well each scheme
performs for the two considered events, which
are quite representative of this Mediterranean
phenomenology. The relevance of the physical
processes involved in the formulation of the
convection vary in space and time and its iso-
lation becomes unpractical. Therefore, our work
overpass this point and it is essentially practical.
The results are intercompared and evaluated by
comparison against observed precipitation and
thermodynamic vertical profiles, using also
information inferred from satellite images.

The simulated events (hereinafter referred to
as ‘Algeria’ and ‘Piedmont’ cases) were exten-
sively discussed in DRRA98 from a diagnostic
perspective. A complementary approach was
used in RRADS9S, in which both episodes were
reasonably well simulated using a mesoscale
model including the convection scheme of
Emanuel (1991). It is convenient, however, to
provide a short summary of the main results
obtained in DRRA98 and RRADS98. This is
done in next section. A general presentation of
the mesoscale numerical model and a more
precise one of the convective schemes under
consideration are subject of section 3 and 4
respectively. After the experiments description
(section 5), the comparative discussion of the
numerical results is presented (section 6 focusing
on the precipitation pattern, and section 7 on the
atmospheric vertical structure). Finally, section 8
contains the conclusions.
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2. Events

For the Algeria event, the heavy precipitation
occurred over an extended period (1-7 February
1993), and affected eastern and southern Spain.
Figure 2 shows the accumulated 24 h. rainfall on
the selected day for this study (1 February). That
precipitation analysis is similar for the other days
of the episode (except on 5 February when little
precipitation occurred), showing important local
amounts in the Valencia region. Although the
situation is unusual in that it occurred during the
heart of winter when the sea is colder (most
Mediterranean heavy rainfalls happen during the
autumn; Font, 1983), the basic synoptic situation
became very efficient due to its stationarity. A
low-level cyclone was present in northern Africa
(Algeria) through much of the period, producing
warm advection over the western Mediterranean
and allowing the air to charge with moisture
through its long and persistent path over the sea
(Fig. 3a). At middle and upper levels, a low was
located in the south of the Iberian peninsula,
exhibiting a structure with two centres (Fig. 3b).
A sequence of potential vorticity maps at 300 hPa
(not shown) reveals that these two centres were
rotating about one another contributing to the
stationarity of the system as a whole. A
significant feature of this episode was the
existence of a deep vertical column of high
relative humidity along the eastern coast of

Murcia

MEDITERRANEAN

Fig. 2. Accumulated precipitation (mm) in
eastern and southern Spain, from 07 UTC on 1
February to 07 UTC on 2 February 1993

Fig. 3. Synoptic situation on 2 February 1993 at 00 UTC
from ECMWF analyses. (a) 1000 hPa, (b) 500 hPa. Iso-
hypses (solid line) and isotherms (dashed) are represented
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Fig. 4. IR Meteosat images. (a) for 1 February 1993 at 12 UTC, (b) for 1 February 1993 at 20 UTC, (c) for 2 February 1993 at

04 UTC

Spain, supporting the few and geographically
confined convective cells responsible for the
heavy precipitation (see Fig. 4). Quasigeo-
strophic forcing for upward motion was weak
and mainly controlled by the low-level thermal
advection. Rather, the key influence for the
convective activity along the coast pertained to

the mesoscale, and was exerted by the orographic
lifting on the impinging easterly moist flow. The
leading action of this factor was emphasized by
the numerical simulations which systematically
showed a high correlation between the upslope
motion (see Fig. 5 for the first stage of the event),
and the observed precipitation (Fig. 2).
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Fig. 5. Forecast upslope flow (= V- Vh, V; surface wind,
h orography) on 1 February 1993 at 18 UTC (simulation
starting at 0QUTC, from RRADS98). Solid and dashed
lines indicate upward and downward motion respectively.
Contour interval is 1 cms™" starting at 1 and —1 cms™*

The Piedmont case (4—6 November 1994) is
well known due to the devastating floods that
occurred in the Piedmont region (northwestern
Italy). Total maximum amounts of precipitation
exceeded 500mm close to the Alps. On 5
November (day selected for our study), the
observed precipitation (Fig. 6) shows a tongue
structure (up to 250 mm at some points) extend-
ing from the coast toward the north along the
western part of Italy, and smaller amounts west
of this tongue over France and in Corsica and
Sardinia. This is an interesting case from the
point of view that a significant portion of the
rainfall over land appears to be non-convective.
Satellite images showed, however, that convec-
tion activity affected the coastal area, wide areas
of the western Mediterranean sea, and Corsica
and Sardinia (Fig. 7). The synoptic pattern was
different than that in the previous case, since a
cold front associated with a deep trough (Fig. 8)
crossed the western Mediterranean. The evolu-
tion in the middle and upper troposphere was
quite substantial, as a strong jet streak moved
through the base of the trough and the trough
overall lifted out to the east-northeast. The zone
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Fig. 6. Analysis of the accumulated precipitation (mm) in
the Piedmont area, Corsica and Sardinia (Fig. 1), from
00UTC to 24 UTC on 5 November 1994, Contour interval
is 20mm starting at 20mm. (Courtesy of A. Buzzi)

Fig. 7. IR Meteosat image for 5 November 1994 at 1§ UTC

of synoptic scale upward forcing at middle and
upper levels passed over the Piedmont region
during the day of 5 November, enhancing the
substantial upslope component provided by the
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Fig. 8. Synoptic situation on 5 November 1994 at 00 UTC
from ECMWF analyses. (a) 1000 hPa, (b) 500 hPa.
Isohypses (solid line) and isotherms (dashed) are repre-
sented

southerly flow over the foothills of the Alps in
the Piedmont area (Fig. 9).

3. Mesoscale Numerical Model

The meso-3 numerical model initially developed
by Nickerson et al. (1986) has been used to
perform the simulations. The model, hydrostatic,
is formulated in a terrain-following coordinates
system and has shown its ability to simulate a
wide range of mesoscale circulations. For
example, mesoscale flows induced by vegetation
or soil moisture inhomogeneities (Mahfouf et al.,
1987a; Pinty et al., 1989), downslope wind-
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Fig. 9. Forecast upslope flow (= V.- @h, V, surface wind,
h orography) on 5 November 1994 at 12 UTC (simulation
starting on 4 November at 18 UTC, from RRADS98). Solid
and dashed lines indicate upward and downward motion
respectively. Contour interval is 2cms™" starting at 2 and
—2 cms™!

storms (Richard et al., 1989), mountain waves
(Nickerson et al., 1986; Romero et al., 1995), the
breeze circulation (in Florida, Mahfouf et al.,
1987b; in Mallorca, Ramis and Romero, 1995),
and heavy rain episodes in the Western Medi-
terranean (Romero et al., 1997; RRADS98)

Resolvable-scale rain is predicted following
the parameterization described in Nickerson et
al. (1986). This parameterization is based on the
work of Berry and Reinhardt (1973) and there-
fore processes involving ice are not considered.
This fact can limit partially the validity of our
findings.

Horizontal diffusion is explicit, given by a
second-order operator. The vertical turbulent
mixing is expressed through an eddy-diffusivity
assumption with a 3/2 order closure: the ex-
change coefficients are calculated as functions of
the turbulent kinetic energy (one of the model
prognostic variables), and the mixing length
scale following the parameterization of Bou-
geault and Lacarrere (1989).

At the surface, turbulent fluxes of momentum,
heat and moisture are calculated following the
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parameterization of Louis (1979). The fluxes
vary in response to the atmospheric conditions
and ground temperature, which is resolved
applying the well-known force-restore method
(Bhumralkar, 1975; Blackadar, 1976). Available
moisture for evaporation is kept constant during
the simulation, as well as the albedo, emissivity,
roughness and thermal inertia. As in Benjamin
and Carlson (1985), all these parameters are
given by a single surface index under the
assumption that they appear related for natural
surfaces. The necessary solar and infrared fluxes
are calculated based on Mahrer and Pielke
(1977).

In order to minimize reflection from the upper
boundary, where the vertical velocity is set to
zero, an absorbing layer is included in which the
background diffusion is progressively increased
with height, reaching its maximum value at the
uppermost level. At the lateral boundaries, the
method of Davies (1976) is applied to relax the
interior fields to the externally specified bound-
ary values.

4. Cumulus Convection Parameterizations

The cumulus convection scheme of Emanuel
(1991), hereinafter referred to as EM, is based on
the dynamics and microphysics of convection as
revealed by aircraft observations. The funda-
mental entities for moist convective transports
are the subcloud-scale drafts rather than the
clouds themselves. As opposed to other schemes
based on bulk-entraining plumes (e.g., Fritsch
and Chappell, 1980; Arakawa and Schubert,
1974), the convective transports are idealized
based on reversible ascent of the subcloud-scale
entities, mixing, and buoyancy sorting (Raymond
and Blyth, 1986). That is, air from the subcloud
layer is lifted to each level i between cloud base
and the level of neutral buoyancy for undilute air;
a fraction of the condensed water is then con-
verted to precipitation, which falls and partially
or completely evaporates in an unsaturated
downdraft; the remaining cloudy air is then
assumed to form a uniform spectrum of mixtures
with environmental air at that level, that ascend
or descend according to their buoyancy. The EM
scheme calculates the updraft mass fluxes of
undilute boundary-layer air to each level i (that
must be known to close the system) as vertical

velocities determined by the amount of CAPE for
undilute ascent to level i, multiplied by fractional
areas. These fractional areas are in turn deter-
mined in such a way as to drive the mass fluxes
toward a state of quasi-equilibrium with the
large-scale (explicitly resolved) forcing. A de-
tailed formulation of the scheme can be found in
Emanuel (1991).

Alternatively, other authors suggest that the
magnitude of convective heating and drying
effects on scales less than 50km (typical reso-
lutions of mesoscale models) is much more
strongly correlated with local CAPE than with
the large-scale rate of destabilization or moisture
convergence (Fritsch et al., 1976; Kreitzberg and
Perkey, 1976). Built in basis of this argument, the
Kain-Fritsch convective scheme (Kain and
Fritsch, 1990), hereinafter referred to as KEF,
assumes that moist convection only occurs when
potential buoyant energy (PBE=CAPE) becomes
available (ABE), which means that any negative
buoyancy experienced by a parcel to rise to its
level of free convection has been eliminated or
overcome. With this philosophy, convection
responds not only to the rate at which the large
scale is generating buoyant energy, but also to the
buoyant energy generated and stored prior to the
onset of deep convection. Processes as low-level
convergence, air mass overruning, or when low-
level heating and mixing remove any stable
layers drive the atmosphere to the release of
convection (PBE becomes ABE). The amount of
convection is determined by expanding the
stabilization rate (destruction of ABE) over a
characteristic short time (30min-1h) (Fritsch
and Chappell, 1980). The interaction between
cloudy parcels and their environment is formu-
lated using a one-dimensional entraining/detrain-
ing plume model (see Kain and Fritsch (1990) for
a detailed description).

5. Experiments

Numerical simulations of the Algeria and
Piedmont events focuse on a single day for each
case: 1 February 1993 and 5 November 1994
respectively. Given that the available rainfall
records from the Spanish raingauge mesh, used
to assess the model results, correspond to daily
intervals from 07 to 07 UTC, simulations of the
Algeria case (abbreviated as ALG), extend from
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Table 1. Summary of the Numerical Simulations

Algeria Case Piedmont Case

No Convection ALG/NC PIE/NC
Emanuel ALG/EM PIE/EM
Kain-Fritsch ALG/KF PIE/KF

00UTC on 1 February to 06 UTC on 2 February.
They start some hours in advance in order to
reduce the spinup influences on the precipitation
field during the comparison period. Analogously,
simulations of the Piedmont case (abbreviated as
PIE) extend from 18UTC on 4 November to
00UTC on 6 November since the French and
Italian rainfall data are valid for the 00-24 UTC
time interval.

Table 1 specifies the characteristics of the
experiments performed. Experiments ALG/NC
and PIE/NC serve as control or basic experi-
ments since no convection scheme is used. The
effects of using each convection parameterization
(EM and KF) is determined through experiments
ALG/EM and PIE/EM, and ALG/KF and PIE/
KF. The few external parameters of the con-
vective schemes have been given the default
values suggested by the authors, so that no
special tunning of the schemes has been con-
sidered.

Working with a polar-stereographic map
projection, the resolution is fixed for all experi-
ments to a horizontal grid-length of 20 km and 30
vertical levels. The numerical domain covers
1800 x 1800km? (91 x 91 grid points). It is
centered at (0°E, 39°N) for ALG simulations
and at (8°E, 43°N) for PIE simulations, being
the approximate geographical locations of the
Valencia and Piedmont regions respectively (see
Figs. 10 and 14 for an illustration of both
domains).

The orographic data base (NGDC/NOAA of
5minutes resolution) is linearly interpolated at
the model grid points. It is subsequently
smoothed by a two step filter (Shapiro, 1970)
in order to avoid excessive grid-length scale oro-
graphic forcing.

Uninitialised analyses on standard pressure
levels from the ECMWEF, given at 00, 06, 12 and
18 UTC with a resolution of 0.75 degrees, are
used to initialize the model and to supply the
time-dependent boundary conditions (by a linear

interpolation between the 6 hours apart anal-
yses). As a consequence of the spatial inter-
polation during the initialization process, some
unbalances of the fields could arise that could
induce a degradation of the forecast. In order to
reduce this effect, hydrostatic balance is forced
by a variational method which slightly corrects
the geopotential and temperature fields across the
atmospheric column, and the wind is also
modified after applying a technique that mini-
mizes the vertical integral of the horizontal
divergence in order to prevent spurious gravity
waves (Pinty, 1984).

For the surface submodel, we have derived a
spatial distribution of seven land types for the
western Mediterranean region using NOAA-
AVHRR mosaics and atlas information. Such
soil classification follows the table given by
Benjamin and Carlson (1985). However, owing
to the season in which the events occurred, the
available soil moisture listed by Benjamin and
Carlson has been increased by a fraction of 0.2
and 0.1 for the ALG and PIE simulations
respectively. In addition, the roughness length,
which is a function of soil type, has been
explicitly increased in areas of elevated terrain
to better represent the subgrid mountain drag
(Georgelin et al., 1994). Subsoil temperature for
ALG and PIE simulations corresponds to the
February and November climatological values
respectively, whereas sea surface temperature
(kept constant during the simulation) 1s provided
by the ECMWEF surface data.

6. Simulation of Precipitation

6.1 Algeria Case

As noted in RRADS98, simulations of this case
were reasonably good for the spatial pattern of
precipitation in the Valencia area (exhibiting a
high correlation with the coastal topography), but
clearly underestimated the local maxima seen in
Fig. 2. This is what experiment ALG/NC
indicates (Fig. 10), which is indeed very similar
to the result of experiment ALG/EM (Fig. 11).
The spatial pattern of precipitation is clearly a
result of the orographic lifting (Fig. 5). Both
experiments show a band of important precipita-
tion along the Valencia region extending to the
north parallel to the coast, and another maximum
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Fig. 10. Forecast total precipitation for ALG/NC experi-
ment, accumulated from 06 UTC 1 February to 06 UTC 2
February. Contour interval is 20mm starting at 20mm
(solid line). Dashed contour corresponds to 10 mm
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Fig. 11. As in Fig. 10 but for ALG/EM experiment

in southeastern Spain. This spatial pattern
compares well with Fig. 2, except that the
southern maximum occurred close to the coast
and not inland as the experiments indicate.
Another similitude, to be discussed further, is
the strong maximum (more than 150mm in

TIME = 08.00 UTC
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Fig. 12. Forecast surface wind field for ALG/NC experi-
ment, on 2 February at 06 UTC. The arrow on the upper left
corner represents 15ms™

ALG/EM, and over 200 mm in ALG/NC) given
in north Africa as a result of the interaction of the
Important coastal topography (Fig. 1) with the
persistent onshore flow (Fig. 12). ALG/NC and
ALG/EM only differ significantly over the sea,
where the latter gives also precipitation. The
forecast convective rainfall (figure not included),
shows that the precipitation over the sea, where
important values of CAPE occur, is entirely
convective.

On the contrary, accumulated rainfall forecast
by experiment ALG/KF (Fig. 13a) is substan-
tially different from the previous ones. In this
case, the precipitation band in Valencia is closer
to the coast and higher quantities are obtained in
its southernmost part; in southern Spain, pre-
cipitation maximums appear now close to the
coast in eastern Andalucia and Gibraltar Strait as
in Fig. 2, but no appreciable precipitation is
obtained inland. More importantly, the convec-
tive contribution to the precipitation field is very
notable in this case (Fig. 13b), not only restricted
over the sea as in ALG/EM simulation, but also
affecting the coastal areas. In fact, the forecast
precipitation is exclusively of convective type
except in the Valencia region (compare Fig.
13a,b). This result shows that ascending motion
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Fig. 13. Forecast precipitation for ALG/KF experiment,
accumulated from 06UTC 1 February to 06UTC 2
February. (a) Total, (b) Convective. Contour interval is
20mm starting at 20mm (solid line). Dashed contour
corresponds to 10 mm

associated with coastal upslope flow and with
low level convergence in the sea-land transition
has been an important mechanism to initiate the
convection in the KF scheme.

The strong maximum in the north of Africa
does not appear in this case, certainly as a result

of the discharge of air moisture and thermal
stabilization produced upstream over the western
Mediterranean by the important convective
activity. This hypothesis will be corroborated in
next section by analysing the vertical profiles.

Satellite infrared pictures of this case (Fig. 4)
show convection over the sea, in agreement with
simulations ALG/EM and ALG/KF, and also
over the coastal zone as ALG/KF does.
Undoubtedly, the images do not contain any
cloud signature that could explain significant rain
in the north of Africa; thus, satellite pictures
support the ALG/KEF result.

6.2 Piedmont Case

The fact that a significant part of the rainfall over
land fell as non-convective precipitation (Lio-
netti, 1996; Buzzi and Tartaglione, 1996),
signifies that the numerical model has a good
chance of getting many of the spatial and quan-
titative details forecast correctly. What is needed
is a reasonably accurate forecast of the low-level
flow relative to the orography. This is what the
model, in fact, managed to provide (RRADSOS,
Fig. 9). Figures 14, 15a and 16a show that the
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Fig. 14. Forecast total precipitation for PIE/NC experiment,
accumulated from 00UTC 5 November to 00 UTC 6
November. Contour interval is 20mm starting at 20 mm
(solid line). Dashed contour corresponds to 10 mm
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observed rainfall pattern in the Piedmont area
(Fig. 6) is very well predicted in all experiments,
both spatially and quantitatively. Figures 15b and
16b display the role played by the convective
contribution over that area, showing that the KF
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Fig. 15. Forecast precipitation for PIE/EM experiment,
accumulated from O0UTC 5 November to 00UTC 6
November. (a) Total, (b) Convective. Contour interval is
20mm starting at 20mm (solid line). Dashed contour
corresponds to 10 mm
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Fig. 16. As in Fig. 15 but for PIE/KF experiment

scheme contributes much more (notably in the
coastal zone) than the EM scheme, as in the
Algeria case. That convective activity, focused in
the coastal zone, where CAPE exceeds 1000 J/kg
(figure not shown), is in agreement with satellite
information. Comparing Figs. 15a and 16a with
15b and 16b, it is deduced that most of the
precipitation inland is essentially stratiform.
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The major differences among the forecasts
occur mostly over the open seas on the western
Mediterranean, unfortunately where observations
do not exist (except in Corsica and Sardinia,
Fig. 6). All experiments show two bands of im-
portant rainfall: one, broad, just east of the
Balearic Islands, and another one, narrow and
still not present at 12 UTC (isohyets not shown),
approximately over Corsica and Sardinia. How-
ever, in the case of the PIE/EM and PIE/KF
simulations, these bands (essentially convective)
take a spread shape, whereas for the PIE/NC
simulation they are very intense and definite. The
former structure seems more reasonable in basis
of what satellite images show (Fig. 7), and agrees
with observed precipitation over Corsica and
Sardinia (Fig. 6). The compact bands given by
PIE/NC (Fg. 14) seem to be the result of explicit
convection: in the absence of parameterized
convection that could act stabilizing and drying
the atmosphere over wide areas, the high water
vapour content condenses vigorously in localized
frontal zones. In such zones, the low-level
convergence can force appreciable upward veloc-
ity due to the low static stability of the air. Some
soundings analysed in the next section support
this scenario.
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Fig. 17. Forecast surface wind field for PIE/NC experiment,
on 6 November at 00 UTC. The arrow on the upper left
corner represents 15ms ™

Figure 17, that corresponds to 00 UTC, shows
one of these convergence lines along Corsica and
Sardinia. It is responsible, probably supported by
the prominent topography of the islands, for the
narrow band of heavy precipitation given by the
model over that area (Fig. 14). It is interesting to
note that PIE/EM and PIE/KF (figures not
shown) also give that convergence line, but it
is appreciably smoother than in Fig. 17 and
displaced farther eastward, especially in PIE/KF
(about 150 km). Such more advanced position is
responsible for the convective rainfall present
eastward of Sardinia and Corsica in Figs. 15
and 16 (especially in the latter), and it is
coherent with Fig. 7, that shows how at
18 UTC convection is already occurring between
the islands axis and the Italian peninsula, and
southeast of Sardinia. It seems, therefore, that the
inclusion of convective parameterizations has
also important consequences on the forecast
wind patterns, avoiding exaggerated develop-
ments of convergence lines as that shown in
Fig. 17.

7. Simulation of Temperature and
Humidity Profiles

In this section, the ability of each experiment to
forecast the convectively transformed air masses
is quantified by comparing the observed tem-
perature and humidity profiles with the simulated
ones. For each event, we have selected some
points directly affected by convection or being
downstream of regions where convection occur-
red: PAL, MUR, VAL and AFR for the Algeria
case; PAL, NIM, GEN, MIL, AJA and CAG for
the Piedmont case (see Fig. 1). As observations,
we take the same ECMWF analyses used to nest
the model (in DRRA9S, these fields were
compared against real soundings and proved as
high quality data).

Note from Fig. 1 that the selected points are
far enough from the boundaries, so that the
simulated structures are basically produced by
the physics of the inner domain and little affected
by the relaxation process toward the boundary
‘exact’ fields.

Comparison of forecast heating and drying
profiles with observed values involves consider-
able uncertainty because the time and space
scales of the physical processes responsible are
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often highly disparate (recall, for instance, the
‘random’ nature of convection). In addition,
owing to their coarser resolution, ECMWF
analysis can not resolve small mesoscale struc-
tures that are possible in the mesoscale simula-
tions. To reduce these problems, although the
comparison is done at fixed times, the soundings
to be compared (both simulated and ‘analyzed’)
are calculated as spatial averages on a 200 x
200km? square (11 x 11 grid points), for each
standard pressure level between 300 and
1000hPa. The comparisons are done after 6,
18, and 30 hours of simulated time. At each time
and place, we have quantified the degree of cor-
respondence by computing the root mean square
(rms) of the temperature and specific humidity
errors throughtout the atmospheric column.

A global measure of the performance of each
scheme can be obtained by comparing the
number of times the scheme performs the best
(minimum rms) against the number of times it
performs the worst (maximum rms). Tables 2-5
show the results of this test for each considered
location.

For the Algeria case (Tables 2 and 3), results
of performance reveal a clear predominance of
the KF scheme for both fields, scoring 8/3 for
temperature and 7/1 for specific humidity.
Profiles given by NC and EM were quite similar
in this case as a consequence of the little amount
of convection released by EM. However, simu-
lated humidity profiles by ALG/EM are sig-
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Table 2. Summary of the rms Test of Temperature Error for
the Algeria Case. In the Pairs nf / nl, nf Indicates Number of
Times with the first Position (minimum vims), and nl Number
of Times with the last position (maximum rms)

ALG/NC ALG/EM ALG/KF
PAL 1/0 1/1 1/2
MUR 0/0 0/3 3/0
VAL 0/1 072 3/0
AFR 02 2/0 1/1
Total 173 3/6 8/3

Table 3. Summary of the rms Test of Specific Humidity Error
for the Algeria Case. In the Pairs nf/nl, nf Indicates Number
of Times with the first position (Minimum rms), and nl
Number of Times with the last Position (Maximum rms)

ALG/NC ALG/EM ALG/KF
PAL 0/1 172 2/0
MUR 072 1/0 2/1
VAL 0/3 3/0 0/0
AFR 0/3 0/0 3/0
Total 0/9 512 /1

nificantly better than those of ALG/NC (Table
3). The same does not hold for temperature.

In the previous section, it was noted the great
disparity of the forecasts with respect to the
rainfall maximum in north Africa (Figs. 10, 11
and 13a). Figure 18 shows the specific humidity
difference (forecast minus observed) profiles on
that location. The driest sounding at all times

Fig. 18. Specific humidity difference
profiles (forecast minus observed) at
AFR (see Fig. 1), for ALG/NC (solid
line), ALG/EM (long dashed), and
ALG/KF (short dashed)

2FEB/08 UTC

AFR/ALG
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Table 4. As in Table 2 but for the Piedmont Case

Table 5. As in Table 3 but for the Piedmont Case

PIE/NC PIE/EM PIE/KF PIE/NC PIE/EM PIE/KF

PAL 2/0 0/1 172 PAL 0/2 1/1 2/0
NIM 072 1/0 2/1 NIM 0/1 072 3/0
GEN 0/2 01 3/0 GEN 1/1 0/1 2/1
MIL 0/2 1/0 2/1 MIL 3/0 011 0/2
AJA 072 1/0 2/1 AJA 0/3 1/0 2/0
CAG 072 2/0 1/1 CAG 2/1 1/0 072
Total 2/10 5/2 11/6 Total 6/8 3/5 9/5
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Fig. 19. Difference profiles (forecast
minus observed) at AJA (see Fig. 1),
for PIE/NC (solid line), PIE/EM (long
dashed), and ALG/KF (short dashed).
(a) Temperature, (b) Specific humidity
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occurs for ALG/KF, but ALG/EM 1is also drier
than ALG/NC. The largest disparity among the
experiments is found below 700hPa, where
parcels potentially able to reach condensation
are normally found. The profiles confirm the
hypothesis that the convective activity that takes
place upstream over the western Mediterranean
dries the air sufficiently to prevent the extra-
ordinary orographic precipitation given by ALG/
NC, and in a lesser extent by ALG/EM.

For the Piedmont case (Tables 4 and 5), similar
conclusions hold: PIE/EM and PIE/KF, with
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scores 5/2 and 11/6 respectively, perform appre-
ciably better than PIE/NC for temperature (the
ratio being slightly in favour of PIE/EM). For
humidity, PIE/KF is clearly superior, whereas
PIE/EM and PIE/NC offer similar results in this
case (6/8 and 3/5 respectively).

A general behaviour found in the selected
soundings of this case are drier atmospheres at
low levels and stabler lapse rates when a moist
convection scheme has been included. This
behaviour is more pronounced for PIE/KF than
for PIE/EM. Figures 19 and 20 show the profiles

2 3
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CAG/PIE

rrw-rrl—rr‘

-2 -1 0 1 2

6 NOV/00 UTC

Fig. 20. As in Fig. 19 but at CAG (see
b Fig. 1 for location)

CAG/PIE
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at AJA and CAG respectively. These locations
are in Corsica and Sardinia (Fig. 1), and their
atmospheric structures are especially sensitive
because significant convection associated with
the eastward-moving cold front occurs over the
western Mediterranean. In both places, and
particularly at OOUTC on 6 November, the
atmosphere obtained in PIE/KF and PIE/EM is
colder at low levels and warmer at upper levels
than for PIE/NC (Figs. 19a and 20a). Never-
theless, the observed lapse rates are still smaller.
The atmospheres are also drier for the experi-
ments including implicit convection (Figs. 19b
and 20b), even more than the observed at some
layers.

8. Conclusions

The forecast of heavy precipitation is a major
challenge for mediterranean operational fore-
casters. With the advent of efficient computa-
tional capabilities, the strong topographic
influence provides a real opportunity for success-
ful application of meso-3 scale numerical models
for that task. Sensitivity of forecasts to different
physical parameterizations (in their sophistica-
tion or in their closure assumptions) is a problem
that must be addressed, however. This work tries
to do a contribution to this subject, since the real
necessity of cumulus convection parameteriza-
tions and their possible benefits have been partly
delimited for two representative cases of heavy
rainfall in the western Mediterranean: One case
(Algeria) dominated by warm, moist advection at
low levels and presenting spot convection over
the sea and coastal zone; and the other
(Piedmont), with a dominant frontal dynamics
and presenting more organized convection over
wide oceanic areas and also over the coast.

Convection of the kind embedded in maritime
air masses, explosive convection forced by the
coastal topography and even convection trig-
gered by important land heating can all take
place in the western Mediterranean. It would be
unrealistic to expect that a certain convection
scheme could respond case to case to the
complex nature of convection that takes place
in this region. In this work, we have applied the
Emanuel (1991) and Kain and Fritsch (1990)
schemes, already used for other simulations in
the western Mediterranean.

TIME = 00.00 UTC
ACCUMULATED RAINFALL PIE/KF NO ORO (941108)
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Fig. 21. Forecast precipitation for PIE/KF experiment when
the orography is suppressed, accumulated from 00 UTC 5
November to 00UTC 6 November. Contour interval is
20mm starting at 20mm (solid line). Dashed contour
corresponds to 10 mm

The results obtained show that the strong
topographic influence is the principal factor to
determine the rainfall patterns and intensities
over land areas. In DRRA9S8, it was shown that
characteristic Froude numbers for both case
studies imposed a ‘flow over’ regime (Smith,
1989), so that the coastal orography can act as an
effective precipitation enhancer for impinging
moist flows. In those circumstances, the merit of
a good quantitative precipitation forecast (QPF)
basically corresponds to the low-level flow
relative to the orography. Figure 21, to be
compared with Fig. 16a, shows the model-
predicted rainfall by PIE/KF when the orography
is suppressed. Comparing against observed rain-
fall (Fig. 6), it is quite clear how regardless of an
appreciable synoptic and front scale forcing, an
excellent forecast (Fig. 16a) can become a
worthless one (Fig. 21) by solely eliminating
the orographic forcing.

However, the inclusion of parameterized con-
vection has beneficial effects on the forecast
fields. A simple statistics has been carried out
demonstrating that more realistic temperature
and humidity profiles are obtained when using a
cumulus convection parameterization. This fact
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becomes determinant for precipitation and sur-
face wind forecasts as consequence of a feedback
process (presumably more remarkable as the
simulation extends longer). In particular, due to
the stabilization and drying rates produced by
convection (preferentially over oceanic areas),
artificial and intense rainfall patterns are pre-
vented downstream where the flow is forced to
ascend by topography or frontal convergence
lines.

The results obtained indicate that, in principle,
the Kain-Fritsch scheme performs better than the
Emanuel scheme. In particular, the former seems
to be more sensitive to the presence of the coastal
topography, focusing convection on that area in
agreement with observations. Nevertheless, ex-
traction of general conclusions needs the simula-
tion of more cases, and the sensitivity of each
scheme to some internal adjustable parameters
can not be obviated.
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