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Introduction
Southeast Brazil is a region frequently influenced by 
meteorological systems that cause intense rainfall 

throughout the year and especially in austral summer, 
autumn and spring. The majority of these systems are 
known as ‘mesoscale convective systems (MCSs)’, 
and they are responsible for mostly tropical precipi-
tation and are characterised by severe weather condi-
tions (Zipser 1977; Maddox 1983; Houze 2004). The 
monitoring of MCSs over southeast Brazil is impor-
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tant not only for the improvement of weather forecast 
models in national centres of weather forecast and 
civil defence institutions, but also for oil production 
companies located in Bacia de Campos, Bacia de San-
tos, Bacia do Espirito Santo, and Bacia de Mucuri, as 
shown in Fig. 1. These companies need continuous 
information about severe weather conditions over the 
Atlantic Ocean for realisation of their different opera-
tional activities (oil production, sustentation of plat-
forms, and maritime transports).
 The extensive collection of weather satellite obser-
vations provided by the International Cloud Clima-
tology Project (ISCCP) has been used to track MCSs 
and describe their cloud and radiative properties over 
the whole of the tropics (Machado and Rossow 1993; 

Machado et al. 1998). Machado and Rossow (1993) 
and Machado et al. (1998) identified and studied the 
time evolution of important physical properties of 
MCSs over tropical South America, such as effective 
radius, propagation velocity, propagation direction, 
convective fraction, and cloud-top temperature. The 
above authors also found a direct relationship between 
the MCS radius and time evolution (larger systems ex-
hibited longer lifetimes), as well as similar lifecycle 
variations between their physical properties.
 Since the launch of the Tropical Rainfall Measur-
ing Mission (TRMM) satellite in late 1997, important 
studies have also been done using the TRMM micro-
wave precipitation radar (PR) to describe the three-
dimensional structure of rain produced by MCSs 
over the tropics (Thurai and Iguch 2000; Nesbitt et al. 
2000; Morales et al. 2002; Siqueira et al. 2005). Mo-
rales et al. (2002) described the vertical rainfall struc-
tural characteristics of MCSs over the Amazon Basin 
during the Large-scale Biosphere Atmosphere (LBA) 
experiment. From the combined TRMM PR precipita-
tion profiles and Geostationary Operational Environ-
mental Satellite (GOES) brightness temperatures, the 
above authors noted strong dependence of convective 
activity within MCSs on their lifetime and radius, such 
that longer and larger MCS began with a more intense 
initial development. Recently, Siqueira et al. (2005) 
combined ISCCP DX and TRMM data to estimate 
cloud and rainfall properties of MCSs stimulated by 
three types of mid-latitude front-tropical convection 
interaction over South America studied by Siqueira 
and Machado (2004). The above authors found strong 
modulation of convective cloudiness and rainfall re-
gimes by cold fronts in austral summer, autumn and 

Fig. 1 Political and topographic maps of southeast Brazil together with the location of the oil production regions in 
Brazil, and the longitudinal window used for identification of frontal events over South America.
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spring, as well as important relationships between the 
MCS cloud and rainfall properties. Types 1, 2 and 3 
consist respectively of mid-latitude frontal incursions 
that penetrate over South America and move with con-
vection into lower tropical latitudes, mid-latitude fron-
tal incursions over South America that interact with 
Amazon convection and favor the South Atlantic con-
vergence zone (SACZ) formation, and mid-latitude 
frontal incursions that remain quasi-stationary over 
the subtropics and exhibit weak interaction with tropi-
cal convection. 
 In Siqueira's and Machado's (2004) mean circula-
tion composites obtained from National Centers for En-
vironmental Prediction (NCEP), a low-level transient 
cyclone over southeast Brazil, that is maintained by the 
convergence of hot, wet air masses from the Amazon 
basin (produced from the equatorial air in the Atlantic 
Ocean modified by its travel over the South America 
continent and enriched in water vapour) and cold, dry 
air from the mid-latitudes (cold front) during the type 1 
to 3 events, also evidenced the interaction between the 
fronts and the tropical convection over South Ameri-
ca, especially for types 1 and 2. This cyclone moves 
northeastward and is accompanied by intense southerly 
winds in the tropics during the type 1 events, charac-
terising the penetration of the cold front and cold air 
incursions into tropical South America for type 1, re-
spectively. The cyclone remains quasi-stationary over 
southeast Brazil during the type 2 events, but it is also 
accompanied by southerly winds (cold air incursions) 
that support the SACZ formation for type 2. During 
the type 3 events, the cyclone remains quasi-stationary 
over southeast Brazil and the southerly winds are re-
duced (weak cold air incursions), consistent with the 
weak interaction of the cold fronts with tropical con-
vection in South America for type 3.
 The goal of this paper is to describe the occurrence 
frequencies and trajectories of MCSs over southeast 
Brazil related to cold frontal and non-frontal incur-
sions. The cold frontal incursions consist of the pas-
sage of mid-latitude cold fronts and/or the synoptic 
formation of the SACZ over southeast Brazil. The non-
frontal incursions consist of the convective processes 
indirectly related (or not related) to cold frontal incur-
sions over southeast Brazil, such as diurnal forcing 
(thermal and/or orographic). In this paper, a seasonal 
climatology for MCS events over southeast Brazil is 
built by applying latitude-time diagrams and a cloud 
tracking method to ISCCP DX data. In the next sec-
tion we describe the data-sets used in the analysis. The 
identification of cold frontal and non-frontal events 
over southeast Brazil and the methods employed for 
tracking the evolution of their corresponding MCSs 
are detailed in the following section. The distributions 
of occurrence frequencies of the MCSs are then de-
scribed and the trajectories and spatial distributions of 

the MCSs during their life cycle are then presented. 
The circulation and thermodynamic features in south-
east Brazil associated with one cold frontal and one 
non-frontal case are studied followed by our summa-
ries and conclusions.

Data 
ISCCP DX and NCEP data are used in this study. The 
DX data were acquired from Goddard Institute for 
Space Studies/National Aeronautics and Space Ad-
ministration (GISS/NASA). The data were extracted 
for the region 5°S to 40°S and 30°W to 65°W, for Jan-
uary 1998 through to December 2000. The DX data 
consist of radiances that are measured by passive ra-
diometers on board geoestationary satellites in visible 
(wavelength ~0.6 μm) and infrared (wavelength ~11 
μm) bands together with the retrieved cloud properties 
(Rossow and Schiffer 1999). The horizontal resolu-
tion of the data is 7 km sampled to about 30 km for 
the times 0000, 0300, 0600, 0900, 1200, 1500, 1800 
and 2100 UTC. Approximately 8520 DX images were 
used in this study. The DX data are produced by the 
combination of satellite-measured radiances of the 
ISCCP B3 data (from GOES-East for South America) 
with the TIROS Operational Vertical Sounder (TOVS) 
atmospheric temperature-humidity correlative data-
set. All DX results in the infrared are collected for 
high cold clouds, that is, clouds with cloud-top tem-
perature lower than 245K (top heights above 8 km). 
The DX results used are infrared-retrieved cloud-top 
temperature and pressure. The infrared-retrieved high 
cold cloud variables are obtained by assuming that 
high cold clouds are opaque to the upward infrared 
radiation from the earth’s surface. Daily analyses of 
horizontal wind, horizontal moisture divergence, and 
equivalent potential temperature at 850 and 300 hPa 
from NCEP were used to study circulation and ther-
modynamic features in southeast Brazil, with 2.5° 
latitude-longitude resolution (Kalnay et al. 1996).

Cold frontal incursions over 
southeast Brazil
Identification of events
The identification of cold frontal incursions over 
southeast Brazil during the 1998-2000 period was 
based on the method developed and detailed by 
Siqueira and Machado (2004). This method identi-
fies events representative of three types of mid-lati-
tude front-tropical convection interaction over South 
America by producing latitude-time diagrams for 
high cold cloud fractions from the DX data for every 
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three hours. The high cold cloud fraction is defined 
as the ratio between the number of DX cloudy pix-
els with Infrared cloud-top temperature lower than 
245 K and the total number of DX pixels inside a 
10° longitudinal region. The high cold clouds often 
cluster in meso-β (20-200 km) or in meso-α scales 
(200-2000 km) and are normally related to convec-
tive processes over the tropics, since the majority of 
the thin cirrus clouds are eliminated by this test be-
cause they are semitransparent to infrared radiances 
(Orlanski 1975; Houze 1993; Machado and Rossow 
1993; Rossow and Schiffer 1999). A 10° longitudinal 
window between 48.75°W and 58.75°W is defined to 
compute zonal means of the high cold cloud fractions 
for the latitude-time diagrams covering the latitudinal 
band between 5°S and 40°S, as shown in Fig. 1. This 
longitudinal window has been defined for identifica-
tion of all cold frontal incursions over South America 
during the 1998-2000 period. 
 Figure 2 shows the latitude-time diagram produced 
for high cold cloud fractions inside the area 48.75°W 
to 58.75°W and 5°S to 40°S for every 2.5°, for April 
1998. The latitude-time diagram produced for a sec-
ond definition of high cold cloud cover (very high 
cold cloud fraction), which will be employed in the 
following analysis steps, is also shown in Fig. 2. The 
very high cold cloud fraction represents the fraction 
of the total number of DX cloudy pixels with cloud- 
top temperatures lower than 220 K (cloud-top heights 
above 12 km) and is a measure of the MCS convec-
tive intensity. The very high cold clouds refer to in-
dividual convective cells in the atmosphere, which 
usually cluster in meso-γ scales (2-20 km) and pro-
duce a characteristic ‘cumulonimbus’ cloud, ‘cumu-
lus tower’, or ‘thunderstorm’ (Orlanski 1975; Houze 
1993; Machado and Rossow 1993). The influence of 
the three types of mid-latitude front-tropical convec-
tion interaction on the high cold clouds organisation 
over South America in April 1998 can be observed in 
Fig. 2 as follows: high cold clouds moving northward 
from the mid-latitudes to lower tropical latitudes be-
tween days 16 and 18 correspond to the occurrence of 
one type 1 event, while the southward development 
of high cold clouds from the tropics to the subtropics 
from day 20 to 22 characterises the occurrence of one 
type 2 event (Fig. 2(a)). The occurrence of one type 3 
event is represented by a quasi-stationary feature of 
high cold clouds (with respect to the meridional direc-
tion) in the subtropics and mid-latitudes from day 10 
to 12. These three types of mid-latitude front-tropical 
convection interaction are related to cold frontal incur-
sions over South America. 
 Since the three types of mid-latitude front-tropical 
convection interaction discussed previously also es-
tablish a direct relationship with the meridional evo-
lution of high cold clouds and very high cold clouds, 

the main idea of the above method consists of captur-
ing the time of a local maximum value of high cold 
cloud fraction for a given latitude and finding the time 
of a similar maximum value at a neighboring latitude 
(Siqueira and Machado 2004). As a result, the meridi-
onal evolution of high cold clouds during the time is 
known and associated with the occurrence of type 1, 2 
or 3 events. By applying this method to the DX data, 
we have identified 76 type 1, 15 type 2, and 33 type 
3 events over South America, resulting in a total of 
124 events of cold frontal incursions over southeast 
Brazil during the 1998-2000 period (32 events in aus-
tral summer, 28 in austral autumn, 28 in austral winter, 
and 36 in austral spring).

Tracking of convective systems 
The infrared cloud tracking method developed by 
Machado et al. (1998) was applied to infrared-re-
trieved cloud-top temperatures from the DX data to 

Fig. 2 Latitude-time diagrams produced for (a) high 
cold cloud fractions and (b) very high cold 
cloud fractions over the longitudinal window 
48.75°W to 58.75°W for April 1998. Adapted 
from Siqueira et al. (2005).

(a)

(b)
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track the MCSs associated with cold frontal incursions 
over South America during the 1998-2000 period. The 
infrared cloud tracking method is an objective cal-
culation method that detects MCSs by applying two 
thresholds for infrared cloud-top temperatures: 245 K, 
equivalent to high cold clouds; and 220 K, equivalent 
to very high cold clouds. According to the methodol-
ogy of Machado et al. (1998), each cluster of high cold 
clouds that exhibits similar cloud morphologic char-
acteristics (location of the mass centre, size, and ec-
centricity) during the time in the DX data and contains 
a cluster of very high cold clouds (convective cells) at 
some time of its lifecycle is classified as an MCS. If 
an MCS splits, the infrared cloud tracking method will 
track the MCS that most closely resembles the origi-
nal, usually the larger one; the other MCSs will be 
tracked as separate systems. If an MCS merges with 
a smaller system, the infrared cloud tracking method 
continues to track, but if it merges with a larger sys-
tem, its lifecycle is terminated.
 Only the MCSs that formed over southeast Brazil 
(16°S to 27°S and 30°W to 49°W, see Fig. 1) are stud-
ied. The MCSs that formed between day –2 and day 
+2 of the central day of the cold frontal incursions are 
classified as frontal MCSs. The selection of all MCSs 
identified between days –2 and +2 is based on the mini-
mum period of convective variability associated with 
cold fronts estimated by Siqueira and Machado (2004), 
which is five days. This procedure allows the study of 
all MCSs over southeast Brazil that are related to cold 
frontal incursions. All MCSs that formed outside of 
these periods are classified as non-frontal MCSs, and 
these systems are indirectly related (or not related) to 
cold frontal incursions over southeast Brazil. To re-
strict analysis to mesoscales (200-2000 km), only the 
systems with effective radius (radius of a circle with 
same area as the MCSs) larger than 90 km are studied 
(including the stratiform component). The first (last) 
time at which an MCS is present in the DX data is de-
fined as the initiation (decay) phase, while the time at 
which an MCS acquires its largest very high cold cloud 
fraction corresponds to the maturation phase. Since the 
infrared cloud tracking method identifies MCSs using 
DX data separated by three hours, the first detection 
may be at an advanced stage of convective develop-
ment, so some MCSs exhibit coincident initiation and 
maturation phases. Despite that, no significant bias was 
introduced by this limitation of temporal sampling, as 
was also found by Siqueira et al. (2005).
 The next analysis step consists of obtaining the 
occurrence frequencies and trajectories of the MCSs 
identified over southeast Brazil by applying statistical 
analyses. The frontal and non-frontal MCSs are also 
decomposed seasonally and with respect to the studied 
area (continental, oceanic, and coastal). All MCSs that 
initiated and decayed over continental (oceanic) areas 

are defined as continental (oceanic) MCSs, while all 
MCSs that initiated over continental (oceanic) areas 
and decayed over oceanic (continental) areas are de-
fined as coastal MCSs.  

Occurrence frequencies of the 
mesoscale convective systems over 
southeast Brazil
Comparative occurrence frequencies of MCSs over 
southeast Brazil related to cold frontal and non-frontal 
incursions have been calculated for the total and sea-
sonal periods of the 1998-2000 period for the follow-
ing MCS groups: total, continental, oceanic, coastal, 
frontal, non-frontal, frontal over continental areas 
(LF), non-frontal over continental areas (LNF), fron-
tal over oceanic areas (OF), non-frontal over oceanic 
areas (ONF), frontal over coastal areas (CF), and non-
frontal over coastal areas (CNF). 
 Figure 3 shows the total and seasonal distributions 
of the total, continental, oceanic, coastal, frontal, and 
non-frontal number of MCSs over southeast Brazil. 
The total number of continental MCSs is approxi-
mately equal to the total number of oceanic MCSs 
and is much larger than the total number of coastal 
MCSs. These three MCSs groups together result in a 
total of 1220 MCSs over southeast Brazil (Fig. 3(a)). 
Although the continental area of the study is around 
half the oceanic area, the stronger surface and atmo-
spheric heating over continental areas (causing land-
sea heating contrasts) favours more intense convec-
tion over those regions and consequently formation 
of the substantial number of continental MCSs identi-
fied. The coastal MCSs are much less numerous due 
to the small coastal area of the study, but the number 
of these systems over southeast Brazil is also signifi-
cant. The seasonal distributions of the MCSs show a 
larger (smaller) total number of MCSs in austral sum-
mer (winter), consistent with the seasonal climatology 
of convection over South America (Satyamurty et al. 
1998). The continental MCSs are much more numer-
ous than the oceanic MCSs during austral summer, 
but these systems are less numerous during austral au-
tumn, winter, and spring due to the reduced land-sea 
heating contrasts during those seasons and the larger 
oceanic area of the study. The total number of frontal 
MCSs is much larger than the total number of non-
frontal MCSs, which is indicative of the importance of 
cold fronts in organizing convective cloudiness over 
southeast Brazil throughout the year (Fig. 3(b)). For 
the same reason, the frontal MCSs are much more nu-
merous than the non-frontal MCSs during austral au-
tumn, winter, and spring (especially in winter), while 
the number of non-frontal MCSs is comparable to the 
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number of frontal MCSs in austral summer. The non-
frontal MCSs are also most frequent in the hottest sea-
sons of the year, suggesting the important role of diur-
nal forcing (thermal and/or orographic) in organizing 
MCSs over continental and oceanic areas of southeast 
Brazil. The modulation of convective cloudiness in 
mesoscales over continental and oceanic South Amer-
ica by diurnal forcing was also pointed out by Macha-
do and Rossow (1993). The formation of the oceanic 
MCSs may also be related to gravity wave generation 
in a manner similar to that described by Mapes et al. 
(2003) for northwestern South America. That is due to 
both locations experiencing initiation of convection in 
association with elevated thermal heating and subse-
quent convection offshore.
 The total and seasonal distributions of the number 
of LF, LNF, OF, ONF, CF, and CNF MCSs over south-
east Brazil (Fig. 4) are consistent with those presented 
in Fig. 3, and with the number of non-frontal MCSs 
over the continental, oceanic, and coastal areas of 
southeast Brazil. By evaluating the number of MCSs 
per unit area in southeast Brazil, we have observed that 
the total number of continental MCSs per unit area is 
larger than the total number of oceanic MCSs per unit 
area during austral summer, autumn, and spring for 
both frontal and non-frontal MCSs (Fig. 4(b)). This 
distribution confirms the larger seasonal frequencies 
of the MCSs over continental southeast Brazil, prob-
ably favored by the land-sea heating contrasts dis-
cussed previously. 

Trajectories and spatial distributions 
of MSCs over southeast Brazil 
The trajectories of MCSs over southeast Brazil are 
presented for the total, continental, oceanic, coastal, 
frontal, and non-frontal MCS groups during the total, 
austral summer, and austral winter period of the 1998-
2000 period. Figure 5 shows the trajectories of 1220 
MCSs identified over southeast Brazil during the total 
period, represented by straight lines. More than 50% 
of the total number of MCSs were observed moving 
from continental towards oceanic southeast Brazil, 
with propagation directions between -30° and +30° 
(between 150° and 210°) with respect to the zonal 
direction (not shown). The main sources for the di-
rection of these MCSs are the cold frontal incursions, 
the SACZ, and the circulation forcing associated with 
temperature contrasts and the atmospheric large-scale 
stratification, which exhibit similar propagation di-
rections over southeast Brazil. Less than 30 per cent 
of the total number of MCSs were identified moving 

Fig. 3 Total and seasonal distributions of the number 
of total, continental, oceanic, coastal, frontal, 
and non-frontal MCSs over southeast Brazil 
during the 1998-2000 period.

(a)

(a)

(b)

(b)

Fig. 4 Total and seasonal distributions of the (a) num-
ber of LF, LNF, OF, ONF, CF, and CNF MCSs 
and (b) number per unit area of LF, LNF, OF, 
and ONF MCSs over southeast Brazil during 
the 1998-2000 period. Abbreviations indicate 
continental (land) (L), coastal (C), oceanic (O), 
frontal (F) and non frontal (NF).
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from oceanic towards continental southeast Brazil, 
with propagation directions between 150° and 210° 
with respect to the zonal direction (not shown). These 
MCSs were established by thermodynamic influences 
over southeast Brazil (sea-breeze circulations). The 
contribution of sea-breeze circulations to producing 
upward air motion, favouring convective develop-
ment offshore and onshore, was also pointed out by 
Jorgensen and Weckwerth (2003). The larger number 
of MCSs moving from continental towards oceanic 
southeast Brazil and the smaller (but also significant) 
number of MCSs moving in the opposite direction 
were also found during the periods of cold frontal in-
cursions (frontal MCSs group) and non-frontal incur-
sions (non-frontal MCSs groups). The majority of the 
MCSs were observed moving with propagation speeds 
< 10 m/s, consistent with a more frequent organisation 
of deep convection in mesoscales by cold frontal in-
cursions over southeast Brazil (not shown). Relatively 
similar propagation directions to the total period were 

found for the 519 MCSs identified over southeast Bra-
zil during austral summer and the 104 MCSs identified 
during austral winter, whose trajectories are shown in 
Figs 6 and 7, respectively.
 By examining the spatial distributions of  MCSs 
over southeast Brazil during the total, austral summer, 
and winter periods, the continental MCSs are seen to be 
frequent over almost the whole of continental southeast 
Brazil, that is, central and eastern Sao Paulo (SP) State, 
Rio de Janeiro (RJ) State, and Minas Gerais (MG) State 
(Figs 1, 5, 6, and 7). However, the continental MCSs are 
rare inside the area 40°W to 42°W and 18°S to 22°S, 
that is, Espirito Santo (ES) and southern Bahia (BA) 
State. Despite that, we must not neglect a possible pres-
ence in this area of continental MCSs on smaller scales 
(effective radii smaller than 90 km), or even continental 
MCSs in mesoscales with weaker vertical development 
over southeast Brazil (the physical mechanisms respon-
sible for the lack of MCSs inside this area will be dis-
cussed in the next section). The oceanic MCSs are also 

Fig. 5 Trajectories of the total, continental, oceanic, coastal, frontal, and non-frontal MCSs identified over southeast 
Brazil during the 1998-2000 period.
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frequent over almost the whole of oceanic southeast 
Brazil, but they are rare inside the area 30°W to 40°W 
and 18°S to 22°S (oceanic region of ES State and south-
ern oceanic region of BA State). Similarly, the coastal 
MCSs have a high frequency over almost the whole of 
coastal southeast Brazil, being rare only inside 18°S to 
22°S (coastal region of ES State and southern coastal 
region of BA State). The frontal and non-frontal MCSs 
exhibit similar distributions to the total MCSs, except 
for having smaller numbers. 

Main circulation features in southeast 
Brazil associated with cold frontal 
and non-frontal incursions
The most important circulation patterns in southeast 
Brazil associated with cold frontal and non-frontal in-
cursions are investigated in this section by studying 
two individual cases that occurred in December 2000. 

The first case consists of a cold frontal incursion event 
that occurred between days 24 and 26, and the second 
case consists of a non-frontal incursion event that oc-
curred between days 18 and 20. The horizontal wind 
and divergence of the horizontal moisture flux fields 
from NCEP were used to prepare a composite analy-
sis describing the mean daily fields (24 h data) for day 
-1 to day +1 of occurrence of the cold frontal incur-
sion case and the non-frontal incursion case. Figure 8 
shows the trajectories of 8 frontal MCSs and 18 non-
frontal MCSs identified during day –1 to day+1 of 
the occurrence of one cold frontal incursion and one 
non-frontal incursion case, respectively, in Decem-
ber 2000. Similarly to the total period, the number 
of MCSs moving from continental towards oceanic 
southeast Brazil is either larger (for frontal MCSs) 
or comparable (for non-frontal MCSs) to the number 
of MCSs moving from oceanic towards continental 
southeast Brazil, favored by the same mechanisms 
described in the previous section.
 Figure 9 shows the mean daily fields of horizontal 

Fig. 6 Trajectories of the total, continental, oceanic, coastal, frontal, and non-frontal MCSs identified over southeast 
Brazil during austral summer of the 1998-2000 period.
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wind at 300 hPa for the two studied cases. The main 
circulation features found for the cold frontal incursion 
case consist of strong westerly and southwesterly winds 
moving towards northeast South America and tropical 
Atlantic Ocean, being representative of the penetration 
of a mid-latitude cold front over southeast Brazil that 
moves towards the tropics. For the non-frontal incur-
sion case, the presence of strong westerly and north-
westerly winds moving towards the tropical Atlantic 
Ocean are the main features found over southeast Bra-
zil. Another important feature observed for both cases is 
the predominantly zonal circulation at 300 hPa, which 
favors the zonal movement (from continental towards 
oceanic areas) of the majority of MCSs, as verified in 
the previous section. This is because the dynamical 
influence is stronger than the thermodynamical influ-
ence over the studied region, such that the circulation is 
predominantly zonal above 500 hPa in southeast Brazil 
(Satyamurty et al. 1998). Nicolini et al. (2004) and Ve-
lasco and Fritsch (1987) discuss the relationship of the 
low level jet (LLJ) to the frequency and propagation of 

MCSs, while Marengo et al. (2004) suggested that in-
tensification of the LLJ leads to a more intense SACZ, 
equatorward penetration of cold fronts and the develop-
ment of an area of enhanced convection near the exit 
region of the LLJ. In future it would be very interesting 
to decompose our data-sets into periods of different LLJ 
intensities to assess these issues.  
 Figure 10 shows the mean daily fields of divergence 
of the horizontal moisture flux for the cold frontal in-
cursion and non-frontal incursion cases studied. Posi-
tive or small negative values are observed on the ma-
jority of the days for both studied cases, and especially 
for the cold frontal case inside the area 30°W to 40°W 
and 18°S to 22°S. This suggests an important role of 
the moisture divergence (weak moisture convergence) 
in inhibiting deep convection in mesoscales (espe-
cially that organised by cold fronts) over this region, 
apparently justifying the lack of CSs observed previ-
ously. Another mechanism that apparently inhibits 
deep convection on mesoscales over this region is the 
topography of coastal southeast Brazil, which is high-

Fig. 7 Trajectories of the total, continental, oceanic, coastal, frontal, and non-frontal MCSs identified over southeast 
Brazil during austral winter of the 1998-2000 period.
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Fig. 8 Trajectories of the MCSs identified during day –1 to day +1 of occurrence of one cold frontal and one non-frontal 
incursion case over southeast Brazil in December 2000. Circles represent systems at the decay phase of the MCS 
lifecycle.

(a)
(b)

Fig. 9 Mean daily 300 hPa component of the horizontal wind for day -1 to day +1 of occurrence of one cold frontal and 
one non-frontal incursion case over southeast Brazil in December 2000.
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er between 18°S and 22°S than to the north and south 
(Fig. 1). The coastal topography tends to disorganise 
the convective activity of the frontal and non-frontal 
MCSs that move from continental areas towards oce-
anic areas of southeast Brazil, and hence its influence 
is most significant over continental and coastal areas, 
and oceanic areas closer to the coast. As the number 
of MCSs moving towards the oceanic areas was ob-
served to be larger than the number of MCSs moving 
towards the continent, the coastal topography seems to 
be important for inhibiting deep convection related to 
cold frontal and non-frontal incursions over the above 
region relative to the rest of southeast Brazil. 
 The atmospheric instability conditions during the 
occurrence of the two cases described above have 
been investigated by computing the equivalent poten-
tial temperature and the instability index Total-Totals 
at one continental, one coastal, and one oceanic loca-
tion in southeast Brazil, whose coordinates are: (20°S, 
44°W), (20°S, 40°W), and (20°S,  35°W), respectively. 
The continental and oceanic locations were influenced 
by MCSs, but no MCS was present at the coastal loca-
tion (Fig. 6). Figure 11 shows the mean daily 850 hPa 
component (24-hour data) of the equivalent potential 
temperature at these three locations during the days 

18 to 26 of December 2000. The equivalent potential 
temperature was significantly higher at the continental 
location, followed by the coastal and oceanic loca-
tions, which exhibited relatively similar temperature 
values for the majority of the time. These distributions 
were very similar to the distributions of the index 
Total-Totals (not shown), and they indicate stronger 
convective instabilities at the continental location and 
smaller convective instabilities at the coastal location 
and the oceanic locations closer to the coast. As a re-
sult, deep convection was stimulated and consequently 
the MCSs were numerous over continental southeast 
Brazil, while deep convection was reduced and the 
MCSs were rare over coastal and oceanic southeast 
Brazil at latitudes around 20°S, as verified previously. 
 By examining the seasonal sea-surface tempera-
ture anomalies in December 2000 using the Cli-
manalise monthly climate bulletin (Cavalcanti et al. 
2000), we found positive anomalies of between 0.5 
and 1°C over the South Atlantic. As a consequence, 
the sea-surface temperature anomalies apparently do 
not contribute significantly to the inhibition of deep 
convection inside the area 30°W to 40°W and 18°S to 
22°S; neither do the South Atlantic subtropical high 
and the coastal resurgence phenomenon, which are 

Fig. 10 Mean daily 850 hPa component of the horizontal divergence of the moisture flux for day -1 to day +1 of occur-
rence of one cold frontal and one non-frontal incursion case over southeast Brazil in December 2000.
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located to the south of this region (23°S). The coastal 
resurgence, which is a process in which cold, often 
nutrient-rich waters from the ocean depths rise to the 
surface, may offer some minor contribution to reduc-
ing convection over the coastal areas of the above 
region, since it is usually characterised by high evap-
oration rates and small rainfall rates in the subtropics 
between September and March.

Summary and conclusions
Data from ISCCP DX and NCEP were used to study 
the occurrence frequencies and trajectories of MCSs 
over southeast Brazil over a three-year period. A sea-
sonal climatology for MCS events related to cold fron-
tal and non-frontal incursions over continental, coast-
al, and oceanic southeast Brazil was built by applying 
latitude-time diagrams and a cloud tracking method to 
the ISCCP DX data.
 The occurrence frequencies of MCSs were large 
over continental, coastal, and oceanic southeast Brazil 
during austral autumn, spring, and especially summer, 
indicating an important modulation of deep convec-
tion by the frequent cold frontal incursions through-
out the year and the diurnal forcing (thermal and/or 
orographic). Large seasonal and spatial variations 
(continent/ocean/coast) in the frequencies of MCSs 
were found over southeast Brazil, and they were as-
sociated with the seasonal climatology of convection 
over South America and land-sea heating contrasts. 
 The trajectories of the MCSs showed systems mov-
ing predominantly from continental towards oceanic 
southeast Brazil, modulated by cold fronts and circu-
lation forcing associated with temperature contrasts 
and atmospheric large-scale stratification. A smaller 
but significant number of MCSs was found moving 
from oceanic towards continental southeast Brazil, 

apparently modulated by thermodynamic influences 
over the studied region (sea-breeze circulations). The 
spatial distribution of MCSs over southeast Brazil re-
vealed numerous MCSs over Rio de Janeiro (RJ) State, 
Minas Gerais (MG) State, and central and eastern Sao 
Paulo (SP) State, and few MCSs over Espirito Santo 
(ES) State, southern Bahia (BA) State, and adjacent 
oceanic areas. 
 By describing the most important circulation pat-
terns in southeast Brazil associated with one cold 
frontal incursion and one non-frontal incursion case, 
we have noted that the predominantly zonal circula-
tion above 500 hPa favored the zonal movement of 
the majority of the MCSs discussed previously. This 
is because the dynamical influence is stronger than the 
thermodynamical influence over the studied region. An 
important role of the moisture divergence (weak mois-
ture convergence), along with the coastal topography 
of southeast Brazil, in inhibiting deep convection in 
mesoscales over Espirito Santo (ES) State, southern 
Bahia (BA) State, and adjacent oceanic areas was ob-
served, apparently reducing convective instabilities 
and explaining the lack of MCSs over these regions. 
The sea-surface temperature anomalies apparently do 
not contribute significantly to inhibiting deep convec-
tion inside this region, along with the South Atlantic 
subtropical high and costal resurgence phenomena, 
which are located south of the region (23°S). This 
topic deserves further study.
 The use of ISCCP DX data allowed us to exam-
ine the time, trajectory, and spatial distributions of a 
wide variety of MCSs over southeast Brazil related 
to cold frontal and non-frontal incursions. In addition 
to knowing the different frequencies of the convec-
tive processes associated with these meteorological 
systems over southeast Brazil throughout the year, 
the knowledge about the structural characteristics of 
different events including types of clouds and rainfall 
rates is also extremely important for weather forecast 
centres, civil defence institutions, and oil companies 
at these important oil production regions in Brazil. We 
hope to address some of these topics in future work.
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