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A mesoscale convective system developed over the Rio de la
Plata during the late evening of 30 May and the morning of
31 May 1985. This system produced very heavy precipitation
and flash floods in metropolitan areas with a total accumu-
lated precipitation maximising at 308.5 mm over Buenos
Aires City, Argentina.

The European Centre for Medium-Range Weather
Forecasts (ECMWF) analyses reveal the presence of a low-
level jet (LLJ) from the north-northwest with a core moving
southeastward in the 850 hPa wind pattern and a short wave
progressing from the west in the 500 hPa height fields. This
LLJ contributed to the occurrence of a favourable mesoscale
environment for the triggering of convection at its decelerat-
ing leading edge by enhancing the convergence of moisture
flux at low levels.

The evolutionary stages of the mesoscale system are
described and a comparison is made between the environ-
mental conditions during its life cycle and those found in a
study by Maddox. Analysis of the divergence of the Q-vector
field during the MCS mature stage shows that it develops in

a weakly forced large scale environment.

Introduction

As illustrated by Houze and Hobbs (1982), an impor-
tant fraction of the precipitation produced over the
earth originates in discrete precipitating cloud sys-
tems. These systems have horizontal dimensions typ-
ically between 20 and 2000 km (i.e. they span the
meso-o. and meso-P scales, as defined by Orlanski
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(1975)) and they account for a very large proportion
of the total precipitation. Observations show that
storms have a tendency to organise into mesoscale
systems. This evidence justifies the name mesoscale
convective systems (MCSs) given to these events.
Maddox (1980) recognised and defined a particular
type of convective system referred to as a mesoscale
convective complex (MCC). The Great Plains area,
east of the Rocky Mountains in North America is the
subject region of most of the earlier studies related to
MCCs. Maddox (1980), Maddox et al. (1982),
Rodgers et al. (1985), and Augustine and Howard
(1988, 1991), among others, have reported the frequent
occurrence of MCCs during the warm season.
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There is a physiographical similarity between the
Great Plains area, east of the Rocky Mountains in
North America and the plains east of the Andes in
South America. Hence (as noted by Velasco (1994))
this latter region may be considered as one where this
kind of convective systems frequently occurs.
However, studies documenting the MCCs and deter-
mining the environment favourable for the develop-
ment of organised convection over southeastern South
America are relatively few. Velasco and Fritsch (1987)
documented the characteristics of MCCs over South
America using satellite data. Also, Velasco (1994) pre-
sented a comparative study of developing MCCs
between North and South America. Campetella and
Velasco (1995) studied the evolution of one of the
MCC cases reported by Velasco (1994). Only recently
have numerical simulations of successive MCCs over
Argentina been possible through the use of a limited
area model (Saulo and Nicolini 1996). That study also
investigated the sensitivity of a limited area model to
different convective parametrisations.

The limitation imposed on the investigation of
MCSs by low density operational observational net-
works throughout South America is well recognised.
However, analysis of the evolution both of a MCS and
its environment was made possible in the 30-31 May
1985 Rio de la Plata case, as the rain system devel-
oped over an area with a rather more dense network.

This paper, firstly, describes the most important
observed features of the synoptic system involved in
the late May 1985 heavy rain event over the Rio de la
Plata. Next, the genesis and mature phases of the MCS
are analysed and a comparison is made between its
characteristics and those found by Maddox (1983); to
examine the environment in which the MCS evolved,
the fields of vorticity and divergence fields are evalu-
ated. Then, the possibility of assessing synoptic and
meso-o. forcings to vertical motion is investigated
using a formulation of the omega equation in terms of
the Q-vector developed by Hoskins et al. (1978).
Finally, a discussion of the results is presented.

General features of the MCS

During the afternoon of 30 May 1985, a series of iso-
lated storms affected the mid northeast area of
Argentina. These storms can be seen in the infrared
satellite picture for 1830 UTC (1530 LST) shown in
Fig. 1(a), where they are indicated by A, B and C.
During the late afternoon and early evening of the
same day, these storms moved southeastward, merged
and formed an MCS. At about 0000 UTC 31 May, the
MCS was centred to the east of the Argentine Coast
(36°S; 56°W approximately), partially covering

Fig. 1 GOES-E infrared satellite images for (a) 1830
UTC 30 May 1985 and (b) 1200 UTC 31 May
198s5.
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southern Uruguay and extending over the east and
northeast of the province of Buenos Aires, all the Rio
de la Plata and the nearby ocean (all the geographic
references mentioned in the text are shown in Fig. 2).
The mesosystem reached its maximum extension at
about 1200 UTC 31 May, practically without moving
from this region, as shown in Fig. 1(b). At that time,
the system started to weaken, but without appreciable
displacement. This did start to happen, however, at
about 1800 UTC when a cold front which had
remained stationary over central Buenos Aires
advanced toward the northeast.
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Fig.2  Accumulated precipitation from 1200 UTC 31
May to 1200 UTC 01 June 1985. Isolines at 30
mm intervals. Geographic locations referred
to in the text are indicated.
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The development of this MCS produced heavy
precipitation in northeastern Buenos Aires as well as
in southwestern Uruguay. Figure 2 shows the precip-
itation recorded from 1200 UTC 31May to 1200 UTC
1 June. Rainfall started by the late afternoon on 30
May with isolated downpours over the city of Buenos
Aires (34° 35°S; 58° 29’W); it became continuous by
sunrise of the next day and lasted almost the whole
day. According to data from the Argentine National
Weather Service (SMN) rain gauge network, the total
precipitation recorded at Buenos Aires City from the
beginning of the event until 0000 UTC 1 June was
308.5 mm: 13.1 mm fell on the 30 May, the remain-
ing 295.4 mm on 31 May . The most intense rain, 42
mm, fell between 0900 and 1000 UTC 31 May. These
values give an idea of the severity of the event which
caused flooding throughout Buenos Aires City and
some deaths (Schwarzkopf 1985).

Analysis of the environmental condi-
tions in which the MCS developed

Maddox (1983, from here on ‘M83’) presents a sum-
mary of environmental conditions for MCC generation
and development in the United States of America
(USA) using a composite of wind and thermodynamic
fields. Since these characteristics can be applied to
MCSs of smaller dimensions than MCCs (Houze
1993), it is interesting to compare the kinematic and

thermodynamic fields during the genesis and mature
stages of the case studied here with those of M&3.

For this purpose, analyses generated at the
European Centre for Medium-Range Weather
Forecasts (ECMWF) were used. These analyses have
a time resolution of six hours, a horizontal resolution
of 1.125° in latitude and longitude and include the
1000, 850, 700, 500, 300, 200 and 100 hPa levels. As
noted above, the satellite images show that the indi-
vidual storms that originated the MCS merged
between 2100 UTC 30 May and 0000 UTC 31 May.
Therefore (and taking into account the available
analyses) 0000 UTC 31 May was chosen as the time
most representative of the system’s genesis phase.
Again, using satellite images as a guide, the system
appeared to reach its greatest development at about
1200 UTC 31 May; on the same day, the maximum
rainfall intensity was between 0900 and 1000 UTC.
Therefore, the analysis of 1200 UTC 31 May was
chosen as being most representative of the mature
stage of the system.

Genesis stage

During this stage of development of the MCS, a cold
front oriented WNW-ESE was located over central
Argentina. In Fig. 3(a), the divergence field corre-
sponding to 1000 hPa level is shown. An important
convergence zone can be seen (<-4x107 571 ) over
northern Buenos Aires, to the west of the developing
system. This agrees with the results of M83, although
the maxima presented in the latter are not as intense
(<-2x10% s1).  Simultaneously, a very important
divergence (>6x105 s°!} centre can be seen over the
Atlantic Ocean, east of Buenos Aires. In contrast to
Maddox’s results, a wide and relatively cold area
characterised the temperature field of 1000 hPa and
covered a large part of Buenos Aires and Uruguay.
Further west, an inflow of relatively warmer and
moister air was observed.

The 850 hPa geopotential height field, shown in
Fig. 3(b), shows a trough which extends through the
centre and north of the country. An important region
elongated in the north-south direction with northerly
winds can also be seen. The wind speed in this region
exceeds 15 m s'!, with a north-northwesterly flow
greater than 24 m s*! over northern Buenos Aires.
The moisture content field shows a tongue of about 8
to 10 g kg'! extending from the northwest and cover-
ing northern and central Buenos Aires. Deceleration
at the exit of the windstreak, together with the high
humidity values, led to convergence of moisture flux
(V « (V q), where q is the mixing ratio of water
vapour) in northwestern Buenos Aires, as shown in
this figure. These latter features, as well as significant
advection of warmer air, agree with M83.
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Fig. 3 ECMWEF analyses for 0000 UTC 31 May 1985. Full barb is 10 m st (a) Geopotential heights, winds and diver-
gence at 1000 hPa. Height fields contoured at 30 m interval. Divergence field shaded in gray scale at 1x105 s'1
interval from +3x10°5 s, (b) and (c) Geopotential heights, winds and moisture flux convergence at 850 hPa and
700 hPa, respectively. Height fields contoured at 30 m interval. At 850 hPa, isotachs in dashed contours at 3 m
s’V intervals from 15 m s"I. Moisture flux convergence shaded in gray scale at 1x10°”7 51 intervals for values <-
3x107 571, (d) Geopotential heights, temperature and winds at 300 hPa. Height fields in heavy contours at 120
m interval. Temperature isolines in light contours at 3°C interval. Isotachs shaded in gray scale at 10 m s inter-
val from,40 m s, *
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Fig. 4 Same as Fig. 3 but for 1206 UTC 31 May 1985.
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Figure 3(c) shows that the 700 hPa geopotential
field is disturbed by the existence of short waves (see,
for example, the 3060 gpm isoline). At the same time,
an important northerly flow is still apparent. This flow
has a maximum wind speed greater than 21 m s°! from
the northwest over northern Buenos Aires, directly
over the centre observed at 850 hPa, but slightly weak-
er and with a more defined westerly component. This
subtle wind veering is consistent with the warm air
advection already noticed at the 850 hPa level, which
persists at 700 hPa. Water vapour advection continues
being important over northern Buenos Aires, with con-
vergence and divergence centres alternating in the
humidity transport field. Only the centres of conver-
gence are displayed in this figure.

The 500 hPa geopotential field (not shown) dis-
played a weak ridge over the Atlantic Ocean. Similar
to the 700 hPa pattern, the geopotential field at 500
hPa was disturbed by the presence of short waves
over Buenos Aires. The winds in this region were
from the northwest and west-northwest, indicating
the existence of the leading part of a large-scale
trough located over the Pacific Ocean. Warm advec-
tion continued over eastern Buenos Aires, with a
warm core over the north and centre of the province.
This core was probably associated with non-adiabat-
ic heating originating in the storm cells shown in Fig.
1(a). The humidity content was still important at this
level: there was a wide zone with values above 3 g
kg1 extending along 60°W and reaching the southern
part of Buenos Aires.

Figure 3(d) shows the existence of a jet stream at
300 hPa located quite a distance from the area where
the MCS is developing, with a core exceeding 65 m 5!
over the Atlantic Ocean. Due to the distance between
the upper-level westerly jet stream and the low-level
northerly flow, it can be inferred that the coupling
mechanism between the low and high-level jets sug-
gested by Uccellini and Johnson (1979) is not present
in this case. Both a wide ridge over the Atlantic and
short wave perturbations, especially over Buenos Aires,
are still present in the geopotential field at this level.
These perturbations are also seen in the 300 hPa tem-
perature field, with a cold region over the warm 500
hPa core.

Among the similarities found between this case
and the characterisation of MCCs presented in M83,
it is worthwhile to mention the presence of a very
important warm and humid air flux from the north and
north-northwest at the lowest levels. Additionally, a
frontal zone is present to the southwest of the region
where the convective system is developing. Although
the ECMWF analyses do not show the existence of a
short wave trough near the genesis region, the analy-
ses carried out by the SMN do seem to indicate its

presence. The most significant difference from what
MB83 obtained is that the jet stream at higher levels is
quite far from the system genesis region.

Mature stage

During the 12 hours preceding 1200 UTC 31 May (the
transition between genesis and mature stages), the cold
front progressed a little toward the northeast and across
central and northern Buenos Aires. In contrast to M83,
Fig. 4(a) (1200 UTC) shows the persistence of an
important convergence zone (<-4x107 571y at 1000 hPa
over the area where the convective system exhibited its
maximum intensity. In addition, the divergence centre
observed 12 hours earlier disappeared. Smaller scale
SMN analyses show a mesohigh over the Rio de la
Plata, just to the west of Colonia (southwestern
Uruguay), in close agreement with M83. This meso-
high was not captured by the ECMWF analyses.

The relatively cold region at 1000 hPa, which cov-
ered a large area of Buenos Aires and Uruguay 12
hours earlier, has weakened and moved eastward.
Simultaneously, the warm zone already mentioned in
the genesis stage, has moved to the east, as has the
humid tongue. This now has a centre with values
above 14 g kg™l

As in M83, the main change observed at 850 hPa
with respect to the genesis stage (see Fig. 4(b)) is a
slight increase in wind speed and a stronger westerly
component. Over the Rio de la Plata, a northwester-
ly flow attains a maximum value on the order of 27 m
s, This intense flow at low levels effects an impor-
tant advection of warm and moist air over the MCS
region, with strong moisture flux convergence, also
presented in Fig. 4(b).

Bonner (1968) used vertical soundings of wind
speed to identify the presence of the Great Plains low-
level jet (LLJ) and defined three progressively more
stringent criteria. These criteria specify that the wind-
speed profile should have a maximum of at least 12,
16, or 20 m s°!, respectively, within 1.5 km of the
ground, and that wind speed should decrease by at
least 6, 8, or 10 m s'!, respectively, at the lowest min-
imum located above the maximum at or below the 3
km level. The Ezeiza (34° 49°S; 58° 32°W)
radiosounding at 1200 UTC 31 May (see Fig. 5) met
the three criteria. This flow, therefore, may be
defined as a LLJ. The horizontal dimension, intensi-
ty and thickness of this LLJ are remarkable, as depict-
ed from the vertical wind speed profile evolution at
Ezeiza (Fig. 5), and from the vertical cross-section of
the horizontal motion at 34°S (Fig. 6).

At 700 hPa, Fig. 4(c) shows that the wind has
strengthened substantially, attaining magnitudes of
approximately 30 m 5! with a northwesterly direction
over the southern coast of Uruguay. In this same fig-






