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On 11-12 November 1987, a frontal system associated with an intense narrow cold frontal ramband
was observed over the Channel between England and France. This case constitutes intensive
observational period 2 (IOP2) of the FRONTS 87 experiment. It was an ideal example of upper-level
and low-level jet coupling with substantial ascending motions and precipitation. The frontal system is
analysed, in this paper, using the mesoscale non-hydrostatic model CSU/RAMS. The model uses a two-
way interactive nested grid structure and full clond microphysics parameterisation at various levels of
complexity. The model results are compared with previous numerical investigations of this case as well
as with observations obtained from the experimental network deployed during the campaign. The
model succeeded in representing the frontal structure at meso- and convective scales, taking into
account the large scale forcing; thus it is an important tool for the study of secondary cyclogenesis

observed during the FASTEX campaign.

|. Introduction

FRONTS 87 was the first field observational campaign
of the Mesoscale Frontal Dynamics Project (MFDP).
This campaign lasted from 18 October 1987 until 13
January 1988 and was designed to provide an extended
observational data set in order to study the structure,
evolution and dynamics of cold fronts observed over
the area centred on the Channel between England and
France (Clough, 1987; Thorpe & Clough, 1991). Eight
intensive observational periods (IOP) were defined
during this campaign corresponding to the passage of
eight cold fronts over the experimental site.

The TOP2 case study of FRONTS 87 has been the sub-
ject of several observational and modelling investiga-
tions in the past, owing to the interesting characteristics
of the observed front. Doppler radar and dense sound-
ing data analysis over Brittany (France) revealed that
the front was characterised by strong line convection
with intense vertical velocities (Chong et al, 1991)
while the frontal discontinuity was associated with a
multiple low-level jet structure (Chong et al, 1991;
Kotroni & Lagouvardos, 1993). Thorpe & Clough
(1991) analysed the thermodynamic structure of this
front on the basis of drop-sounding data over the
Atlantic Ocean south-west of the British Isles.

The interaction of the upper- and low-level jet-front
system of [OP2 has been investigated with the aid of a
mesoscale hydrostatic model (Sortais et al, 1993). The
authors provided a conceptual model showing the
structure and orientation of the ageostrophic circula-

tions associated with the upper- and low-level jets and
analysed the dynamical and diabatic processes which
contributed to the intensification of the low-level jet
and the formation of the frontal band ahead of the cold
front.

The dynamics of the rainbands and the line convection
have been studied with the aid of a two-dimensional
non-hydrostatic cloud model (Redelsperger & Lafore,
1994). The authors performed various sensitivity tests
and concluded that with a 5 km horizontal grid, their
model could provide a detailed and realistic simulation
of the frontal system and the observed frontal bands.
Moreover they investigated through analvsis of the
heat, moisture and horizontal momentum budgets the
effects of the rainbands on Targer scales.

The aim of the present paper is to provide further
insight into the three-dimensional structure of the
IOP2 cold front, with emphasis on the upper- and low-
level jets as well as the narrow cold front rainband
(NCFR), using a three-dimensional non-hydrostatic
research model. This approach has the additional
advantage that, for the detailed study of the [OP2 cold
front, the three-dimensional synoptic-scale variations
and interaction with other mesoscale features can be
taken into account. The simulations have been per-
formed using the Regional Atmospheric Modelling
System (CSU-RAMS) developed at Colorado State
University and the ASTER Division of the Mission
Research Corporation. The nesting capabilities of this
model provide an insight into the interaction of differ-
ent scales and allow the NCFR to be resolved with a



V Kotroni, K Lagouvardos, G Kallos and Y Lemaitre

horizontal resolution of 1.25 km. The results of the
simulations will be compared with observations and
the aforementioned modelling work. Moreover, this
modelling exercise will permit the validation of RAMS
capacity to represent the physical processes associated
with frontal events, with the aim of using this model for
the study of secondary cyclogenesis within the frame-
work of the FASTEX experiment.

The description of the model as well as the model set-
up are given in section 2. Section 3 is devoted to the
presentation of the model results and the comparison
of the simulated with the observed fields. The next
three sections are devoted to a discussion of the results,
and there are some concluding remarks in section 7.

2. Model and set-up

A detailed description of the RAMS model and its
capacities is given in Pielke ez al. (1992). However some
of its features are summarised in the following:

s Two-way interactive nested grid structure (Clark
& Farley, 1984). :

e Terrain following coordinate surfaces with carte-
sian or polar stereographic horizontal coordinates.

e Cloud microphysics parameterisation at various
levels of complexity (Tripoli & Cotton, 1980).

» Modified Kuo cumulus  parameterisation
(Tremback, 1990).

o Radiative transfer parameterisations (shortwave
and longwave) through clear and cloudy atmos-
pheres (Chen & Cotton, 1987).

e Various options for upper and lateral boundary
conditions and for finite operators.

e Various levels of complexity for surface-layer
parameterisation (soil-layer moisture and tempera-
ture model, vegetation parameterisation etc.,
McCumber & Pielke, 1981; Avissar & Mabhrer,
1988).

For the present application, RAMS was initialised at
0000 UTC on 11 November 1987 and the duration of
the simulation was 24 hours. The non-hydrostatic ver-
sion of the model is employed, using four nested grids:

e Grid 1: with a mesh of 40 x 40 points and 60 km
horizontal grid centred at 53° N and 5° W;

e Grid 2: with 74 x 89 points and 20 km horizontal
grid, centred at the same point as the outer grid;

e Grid 3: with 98 x 110 points and 5 km horizontal
grid, centred at 49.5° N and 3° W;

*  Grid 4: with 125 x 125 points and 1.25 km hori-
zontal grid, centred at 48.4° N and 4.5° W,

It should be noted that the fourth grid was activated
only during the last 10 hours of simulation (from 1400
UTC on 11 November to 0000 UTC on 12 November),
owing to the high CPU cost. The location and hori-
zontal extension of each grid are presented in Tigure 1.
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Figure 1. Domain of the four nested grids of RAMS. For each
grid the horizontal grid increment is given. The domain of the
fourth nest is represented by a dashed-line rectangle while the
star denotes the position of the C band Doppler radar near
Brest (Brittany), which is referred to in the text. The open cir-
cle denotes the location of Lannion, the rawinsoundings
release site.

Twenty-seven levels following the topography were
used on all grids. The vertical spacing varied from 120
m at the surface to 1 km at the top of the model (z =
16.5 km). Horizontal diffusion is based on the original
Smagorinsky (1983) formulation, while vertical diffu-
sion is parameterised according to the Mellor-Yamada
(1974) scheme which employs a prognostic turbulent
kinetic energy. Apart from these settings, a rigid lid was
set at the top model boundary by constraining vertical
velocity to be zero there. The lateral boundary condi-
tions on the outer grid followed the Klemp-Lilly con-
dition (Klemp & Lilly, 1978) with the vertical average
of the gravity wave propagation speed at the bound-
aries. At the surface, a soil model developed by
McCumber & Pielke (1981) and modified by Tremback
& Kessler (1985) is used to predict the sensible and
latent heat fluxes at the soil-atmosphere interface. Six
soil levels were used down to 50 cm below the surface.
Because one of the aims of the paper is to represent the
microphysical structure of the observed front, the full
microphysical package of RAMS is activated, which
comprises condensation of water vapour to cloud water
when supersaturation occurs as well as activation of
microphysical parameterisation of rain, graupel, pris-
tine ice, aggrepates, and snow.

A modified Kuo-type cumulus parameterisation devel-
oped by Tremback (1990) is used because the model-
resolved convergence produced at the scales of Grid 1
(60 km) and Grid 2 (20 km) 1s not enough to initiate
convection explicitly. For Grid 3, the 5 km horizontal
grid is too large a spacing to explicitly initiate convec-



tion but also too small to satisfy the assumptions in the
cumulus parameterisation scheme. Cram et wl. (1992)
discussed the use of the cumulus parameterisation
scheme in a simulation of a pre-frontal squall line. The
authors found that the model encountered difficulties
in explicitly triggering convection with a 5 km mesh,
but they concluded that cumulus parameterisation
should not be used on that scale. For that reason cumu-
lus parameterisation was not activated for Grids 3
and 4.

The European Centre for Medium-Range Weather
Forecasts (ECMWF) 1° latitude/longitude gridded
analysis fields were used to initialise the model. The
ECMWTF data are objectively analysed by the RAMS
model on isentropic surfaces from which they are inter-
polated to the RAMS grids. These fields were used in
order to nudge the lateral boundary region of the
coarser grid with a nudging time scale of 900 s. The
influence of nudging extends five grid cells from the
lateral boundary of the model domain (coarse grid).
Climatological sea surface temperature of 1° horizontal
resolution retrieved by the National Centre of
Atmospheric Research (NCAR), topography derived
from 30 s terrain data and gridded vegetation-type data
of 10 min resolution have been used.

3. Observational evidence

At 1200 UTC on 11 November 1987, the IOP2 frontal
system was associated with a 965 hPa low located
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north-west of Ireland (Figure 2), and reached the
experimental area in Brittany during the late afternoon
of 11 November 1987. Strong winds at the surface were
reported by the synoptic network within the warm
conveyor belt ahead of the cold front at 1800 UTC,
with values exceeding 20 m s™' over the south-western
edge of England and Brittany. There were strong winds
in general over the coastal areas of the Channel (Figure
3), while relatively weaker winds were observed over
central France. At higher levels (850 hPa) the opera-
tional sounding network as well as the special sound-
ings of FRONTS 87 reported south-westerly winds of
29-30 m s over Brittany while over south-eastern
England, Crawley upper-air station reported south-
westerly winds of 32 m s (not shown).

As the cold frontal system crossed the UK, it became
apparent that it was characterised by complex features
with more than one surface discontinuity. The first dis-
continuity was well marked and crossed Brittany at
2000 UTC, at 11 m s from 315° (Chong et al., 1991).
At the surface a temperature drop of 2 °C and a surface
wind veermg by 25° were observed. The second dis-
continuity was less pronounced but the wind veered
20° further (Kotroni & Lagouvardos, 1993),

The two-dimensional frontal structure can be described
by means of vertical cross-sections of the along-front
wind component and the potential temperature field
constructed from the rawinsoundings at Lannion.
During all IOPs one sounding was performed about

Figure 2. Surface map at 1200 UTC on 11 November 1987 with 5 hPa contour interval (from the European Meteorological
Bulletin).
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Figure 3, Observed winds from the surface synoptic network
at 1800 UTC on 11 November 1987. One pennant equals 20
m 5!, one barb 4 m s and one balf-barb 2 m 1.
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every 60 min, with a vertical resolution of 30 m for the
thermodynamic parameters and 120-150 m for the
wind direction and intensity. More precisely during a
period of 29 hours around the frontdl passage over
Lannion, at total of fourteen rawinsoundings were
released. From the sounding analysis it was obvious
that the frontal discontinuity was marked by a hori-
zontal gradient of the potential temperature field at the
lowest 2.5 km with a maximum of 3 K over 100 km (not
shown). Moreover the front was associated with a
strong cross-front gradient of the along-front wind
component. Kotroni & Lagouvardos (1993) showed
that the front was characterised by a multiple low-level
jet (LL]} structure, with two maxima of 34 m s!
observed at z = 900 m and at z = 1100 m while a third
maximum of 24 m s~' was observed ahead of the second
frontal discontinuity. A multiple LLJ structure has also
been reported by Chong et al. (1991) on the basis of
VAD analysis of Doppler radar observations near Brest
with a maximum of 32.5 m s~ at z = 1000 m just ahead
of the frontal discontinuity. This LL]J structure is quite
similar to a multiple LL]J front observed by Browning
& Pardoe (1973). Analysis of the French operanonal
forecasting system Peridot (with 35 km horizontal
resolution) showed an LL] with 2 maximum of 21 m s~

10y
Figure 4. Composite image consisting of a cross=section of the along-front wind component (coloured contours at 2 ni 57! inter-
val) and potential temperature (dashed lines at 1 K interval) constructed from the soundings released from Lannion during

1OP2 (small arrows indicate the time of sounding releases) and the reflectivity field (in dBZ) at 0.5 elevation from the PP] scan
at 100 km range performed by the C band Doppler radar located near Brest.
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at the same height (Redelsperger & Lafore, 1994). This
underestimation of the LL] intensity has béen attrib-
uted to the coarse model resolution.

A composite diagram consisting of a cross-section of
the along-front wind component and of a reflectivity
field is given in Figure 4. The cross-section has been
constructed from the rawinsounding data set used by
Kotroni & Lagouvardos (1993), and only a small
domain extending vertically up to 3.6 km is presented.
Six soundings have been used (separated in time by not
more than 1.5 hours) which have been interpolated in
time (at 30 min time intervals) using a cubic spline
scheme. On the horizontal axis a time-to-space conver-
sion has been performed and the domain shown corre-
sponds approximately to a horizontal distance of 200
km. One of the two LL] maxima of 34 m s~ 1s evident
at 1100 m. Note also the sharp decrease of the wind
within the first 500 m, owing to surface friction. The
reflectivity field from the PPI scan provided by the C
band Doppler radar deployed near Brest is centred on
the radar and covers a domain of 100 km x 100 km. A
strong narrow cold frontal rainband (NCFR) appears
as a narrow and enhanced reflectivity region with max-
imum values exceeding 30 dBZ. Distinct precipitation
cores are evident within the NCFR, corresponding to
distinct reflectivity maxima (exceeding 40 dBZ, dark
red colour, in Figure 4). Chong et al (1991), using a
series of PPI scans performed by the same Doppler
radar deployed near Brest, reported a mesoscale banded
structure with embedded rainbands of 50 km width,
200 km in front of the frontal discontinuity and within
the warm sector. The authors reported that the strong
narrow cold frontal rainband, which was 5 km wide,
was preceding a 50 km wide cold front rainband
(WCIR). Moreover, radar observations from the UK
network (Shutts, 1988) also reported a banded structure
as well as a well-defined NCFR associated with the
frontal system.

4. Low-level features

As already mentioned, the model was initialised at 0000
UTC on 11 November 1987. After 18 hours of model
simulation, at 1800 UTC on 11 November, the RAMS
model (Grid 1) predicted a low centre of 965 hPa
north-west of Ireland (Figure 5). Some validation of the
mode! results could be provided through comparison
of the model predicted near-surface winds and the
synoptic network reports given in Figure 3. RAMS pre-
dicted strong south-westerly winds of the order of 16
m s~ with local maxima of 20 m s, within the warm
sector of the approaching cold front, over southern
England, the Channel and offshore Brittany. The sur-
face network also reported 16-20 m s winds over the
coastal areas of Britanny, Benelux and south-eastern
England. Model-predicted winds over eastern England
are slightly stronger than the reported winds. This
could be partly attributed to the fact that the first
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Figure 5. Sea-level pressure (at 5 hPa interval) and winds at
the first model level at 58 m AGL from Grid 1 of RAMS at
1800 UTC on 11 November 1987. One pennant equals 20 m
5! one barb 4 m s ' and one half-barb 2 m s,

model level is at 58 m while the surface network reports
winds at the anemometer level (12 m). At this point it
should be noted that the model positions the frontal
discontinuity about 40 km further west than 1ts actual
position. This can be attributed to the fact that the
initialisation fields have a horizontal resolution of 1°
latitude/longitude (80-90 km), which could have
caused an uncertainty in the positioning of the front
from the beginning of the simulation.

Figure 6(a) presents the equivalent potential tempera-
ture field, q,, at z = 700 m AGL predicted by RAMS for
Grid 2, at 2200 UTC on 11 November. This model
level has been selected because sounding and model
results showed that the most important horizontal gra-
dients of the potential temperature and wind field at the
low levels are confined in the layer 500-1200 m. The
leading edge of the frontal discontunuity approximately
coincides with the 304 K isopleth which extends from
offshore Brittany through south-eastern England and
to the east of Scotland. Inspection of the RAMS pre-
dicted potential temperature field revealed that the
frontal discontinuity was marked by a potential tem-
perature gradient of 3 K over a distance of 100 km in
the area offshore Brittany (not shown). The area ahead
of the frontal discontinuity and within the warm con-
veyor belt is characterised by high values of the along-
front wind component (Figure 6(b)). The along-front
wind component (estimated on the basis of the orienta-
tion of the frontal discontinuity from the 315° sector)
exceeds 30 m s over Brittany and the Channel and
35 m 57 over south-eastern England. Note that at this
level (700 m) the LL] has more intense values over
southern England than over Brittany, while surface

5
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Figure 6. (a) Horizontal cross-section of the equivalent potential temperature of Grid 2 of RAMS at 700 m AGL at 2200 UTC
on 11 November 1987 (at 2 K interval). (h) As in (a), but for the along-front wind component (at § m s tnterval). (¢) Horizontal
cross-section of the cross-front wind component, in the frame of reference moving with the front, from Grid 2 of RAMS at 190
m AGL (at 5 m s interval). Negative values (dashed lines) denote inflow from the warm sector towards the cold front, (d)
Horizontal cross-section of the vertical wind component from Grid 2 of RAMS at 700 m AGL (at 10 em s interval). Only val-

ues exceeding 10 om 57! are shown,

winds, as reported by the synoptic network (Figure 3),
are conversely more intense over Brittany than over
southern England. This indicates that the LL] does not
have its maximum at the same level along the frontal
discontinuity: in its northern part the maximum occurs
at higher levels than in its southern part,

Figures 6(a) and 6(b) also reveal that the frontal dis-
continuity is characterised by an important transverse
horizontal gradient of q. and the along-front wind

6

component. Following the successive position of the
region of important transverse gradients during the
elapsed 10 hours, the front has been estimated to prop-
agate fairly steadily at a speed of the order of 10 m s
This speed is consistent with the 11 m s~ reported by
the Doppler radars (Chong et al., 1991).

On the cross-front wind field the convergence of warm
air ahead and cold air behind the frontal discontinuity
is more pronounced in the lower levels, especially



within the first 500 m. The cross-front wind compo-
nent in the frame of reference moving with the front, at

=190 m is given in Figure 6(c). The area from Brittany
to southern England is characterised by important
cross-front gradient. Note also the relative cross-front
inflow, of the order of 5-10 m 57!, at low levels going
from the warm sector towards the NCFR. Chong et al.
(1991) and Jaubert et al (1991) identified this low-level
cross-front inflow based on the analysis of the Doppler
radar data over Brittany, reporting an inflow of the
order of 10 m s in the lowest 300 m.

The vertical wind component calculated by the model
at z = 700 m AGL is given in Figure 6(d). A narrow
band of ascent values exceeding 10 cm s7' is depicted
following the frontal discontinuity with a maximum of
48 cm s over southern England. A second area of
important updrafts is depicted in the cold sector, which
might be associated with post-frontal activity.

5. Precipitation

The passage of the NCER over Brittany was associated
with heavy rain. The special surface network over
Brittany recorded a maximum of 7 mm of accumulated
precipitation within 1 hour associated with the frontal
passage. The precipitation rate simulated by RAMS
with Grid 3 is presented in Figure 7(a) (the precipita-
tion rates are hourly averages). A band of heavy pre-
cipitation is evident over the Channel, oriented along
the leading edge of the front, with the precipitation rate
exceeding 10 mm h™' over southern England (denoted
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by the letter B in Figure 7(a)). Over Brittany the pre-
cipitation rate is weaker, of the order of 34 mm h',
while over offshore northern Britrany the precipitation
rate exceeds 7 mm h! (denoted by the letter A in Figure
7(a)). This precipitation pattern shows that at this reso-
lution the model cannot explicitly resolve the NCIFR
intensity, at least over Brittany, where the dense surface
raingauge network was deployed. Nevertheless, the
spatial variability of precipitation within this NCER is
reproduced by Grid 3 with embedded cores of heavy
precipitation (letters A, B). The existence of precipita-
tion cores is common in mid-latitude fronts and several
references can be found in the literature (James &
Browning, 1979; Parsons & Hobbs, 1983; Hagen,
1992, among others). Inspection of successive fields of
the total precipitation predicted by RAMS shows
that the NCFR remains on the front while at the
same time it drifts progressively along its length. The
speed of motion of the NCIR along the length of the
surface cold front has been estimated to be about 18 m
s!. This drifting of the NCFR along the frontal
discontinuity conforms with the observations reported
by Hobbs & Biswas (1979), Hobbs & DPersson
(1982), Lemaitre & Brovelli (1990) and Kotrom et al.
(1994).

With Grid 4 the convective precipitation can be explic-
itly resolved without use of a parameterisation scheme
(Figure 7(b)). Redelsperger & Lafore (1994) suggested
that 1 km resolution would be necessary in order to
explicitly resolve the NCFR. In this study a 1.25 ki
resolution has been used in Grid 4. Disunct precipita-
tion cores with total precipitation rates of the order of

100km

Figure 7. (a) Total precipitation rate in Grid 3 of RAMS (at 1 mm h~! interval) at 2200 UTC on 11 November 1987. The let-
ters A and B denote the two precipitation cores discussed in the text. Dark shading denotes values greater than 6 mm h-1. The
dashed rectangle denotes Grid 4 shown in (b) and the cold front is shown with conventional symbols. (b) As in (a) but from Grid

4 of RAMS.
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14 mm h™' are evident over Brittany. From the PPI
reflectivity pattern given in Figure 4, a rough estimate
of the precipitation rate based on the Z = 200R" rela-
tionship gives for 40-42 dBZ (which is the reflectivity
maximum of the precipitation cores) a precipitation
rate of 11-15 mm h', which is in good agreement with
the predicted one (if we take into account that Grid 4
and the PPI scan shown in Figure 4 have comparable
horizontal resolutions). The updrafts associated with
the NCFR activity are of the order of 25 m s at a
height of about 2.5 km (not shown); this is close to
observations provided by dual Doppler techniques at
0.5 km horizontal resolution giving a 3 m s vertical
velocity within the NCFR updrafts (Chong et al,
1991). Behind the NCFR the wide region of predicted
precipitation is associated with the post-frontal activ-
ity. As observed by the ground stations and also
reported by Chong et al. (1991) and Redelsperger &
Lafore (1994), a wide cold frontal rainband (WCI‘R),
50 km in width, followed the NCI'R.

6. Three-dimensional structure of the front

The three-dimensional structure of the ¢old front was
investigated with the aid of the University of
Wisconcin Vis-5D graphics package. The area investi-
gated corresponds to Grid 2 of RAMS but bounded in
altitude at 13 km. Figure 8(z) gives the three-dimen-
sional structure of the 304 K isosurface of equivalent
potential temperature. The selection of this parameter
and the exact value of 304 K is based on inspection of
the three-dimensional field of q,; this can very well rep-
resent the three-dimensional structure of the frontal
discontinuity. The warm sector is evident, charac-
terised by q, values greater than 304 K. On the same
figure, a vertical cross-section of the along-front com-
ponent is given. The upper-level jet is evident in the
warm sector behind the surface cold front position. In
addition, along with the q, isosurface, the vertical
velocity isosurface of 15 cm 57! is plotted. Updrafts are
evident along the frontal discontinuity at its leading
edge from offshore Brittany through the Channel and
southern England. This updraft region is located on the
western side of the LL]. Strong updrafts are confined
within the first 2.5 km in altitude. This region of
updrafts was also evident on the horizontal cross-
section given in Figure 6(d).

Figure 8(b) gives a three-dimensional view of the rela-
tive position of the upper- and low-level jet at 2200
UTC. For this reason, the 45 m s! isosurface in the
upper-tropospheric layers and the 28 m s~ isosurface at
the lower-tropospheric layers are plotted. The LL] has
a north-eastward orientation and it seems that its max-
imum occurs slightly higher at its northern than at its
southern part. The indication of upward sliding of the
LL] maximum has been already mentioned from
the comparison of the intensity of the LL] over the
Brittany and south-eastern England and the reports of

8

the surface stations at the same locations. The relative
position of the upper- and low-level jet conforms with
the conceptual model proposed by Shapiro (1982) of a
vertically coupled upper- and low-level jet. As can be
inferred from Figure 8(5), the upper-level jet exit
region is situated above the surface front and low-level
jet. This coupling results in the enhancement of con-
vection associated with the NCFR as the vertical
branch of the upper-level indirect circulation links to
the low level jet direct circulation associated with the
cold front. Thus this coupling explains the intensity of
the observed convection during this event. These
results are also in good agreement with the findings of
Sortais et al. (1993).

7. Conclusions

The frontal system of 11 January 1987 (10P2) observed
during the FRONTS 87 experiment has been studied
with numerical simulations. The RAMS model has
been used in order to perform non-hydrostatic three-
dimensional simulations of the event, using four nested
grids and full microphysics. The nesting capabilities of
RAMS provided an insight into the three-dimensional
structure of the system taking into account the interac-
tion between the different scales of motion. Even with
the coarser resolution of Grid 2 (20 km), the model was
able to reproduce the frontal structure with the intense
low-level jet, the temperature gradients marking the
frontal discontinuity, the low-level cross-front inflow
and the updrafts just ahead of the front. The full micro-
physics and the fine resolutton of Grid 4 (1.25 km)
allowed the NCFR, which was associated with the
[OP2 cold front, to be explicitly resolved. The NCFR
seemed to remain on the front while at the same time it
also propagated at 18 m s~ along the frontal disconti-
nuity. Several precipitation cores have been 1dentified
within the NCFR. These not only conform with the
radar observations for this case study but also with
observational studies described in the literature.
Moreover the three-dimensional representation of the
wind field revealed the synergetic effects of the relative
position of the upper- and low-level jets, leading to the
intense convection observed during the passage of the
front.

It should be noted that, though the model correctly
reproduced the frontal progression speed, it positioned
the frontal discontinuity about 40 km further west than
its actual position during the whole simulation period.
This can be attributed to the fact that the intialisation
fields had a horizontal resolution of 1° latitude/longi-
tude (80-90 km), which could have caused an uncer-
tainty in the positioning of the frout from the begin-
ning of the simulation.

At this point one should note that simulations using
four nested grids, the inner grid reaching a resolution of
the order of 1 km, are extremely expensive in terms
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Figure 8. (a) Three-dimensional structure of the cold front at 2200 UTC on 11 November 1987, within Grid 2 of RAMS but

bounded in altitude at 13 km (constructed with the University of Wisconsin VIS-5D package). The 304 K equivalent potential
temperature tsosurface is represented by dark yellow, the 15 om s vertical velocity isosurface is vepresented by red while the
along-front wind component is given at a cross-ection perpendicular to the front (at 3 m 57 interval). (h) Three-dimenstonal
structure of upper- and low-level jets. The 45 m s isosurface (dark yellow) in the upper tropospheric layers and the 28 m 57 iso-

surface (red) at the lower-tropospheric layers are plotted,

of computer time (e.g. 1 hour of simulation was per-
formed in 48 hours of wall-time). Very recently a par-
allel version of RAMS has become available and is
being tested. This will facilitate the future use of the
model in simulating such events as it will dramatically
reduce the computer time consumption.

The RAMS model succeeded in representing the phys-
ical processes at meso- and convective scales for the
IOP2 cold front. The promising results of this simula-
tion make RAMS a useful tool for the study of the
physics and dynamics of secondary cyclogenesis in the
context of the FASTEX experiment.
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