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South Atlantic explosive cyclones in 2014-2015:
study employing NCEP2 and MERRA-2 reanalyses

HUGO N. ANDRADE, ANDRE B. NUNES & MATEUS S. TEIXEIRA

Abstract: An analysis of explosive cyclone cases was produced by comparing the
reanalysis of MERRA-2 (high spatial resolution) and NCEP2 (low spatial resolution) to
South Atlantic in the 2014-2015 period. A total of 51 cases were found, of which 49 were
detected by the first reanalysis and 33 by the second (2 cases identified by NCEP2 were
not identified by MERRA-2). Spring was the dominant season in the formation of the
cases in both reanalyses. It was observed that most systems are formed preferentially
eastward of a preexisting trough at higher levels, while others are formed under an
almost zonal upper airstream. This difference is more evident in the NCEP2. It was also
diagnosed that the MERRA-2 shows more clearly the diffluence in the 250 hPa flow.
The analysis of the composite fields revealed a negative horizontal tilt of the trough in
500 hPa, influenced by intense convection as the system develops. Besides, it pointed
to a more pronounced jet stream in intense explosive cyclones and more prominent
diffluence in non-intense cases. Since the NCEP2 reanalysis detected fewer cases (and
only 2 intense) than MERRA-2, it was considered that the former is less suited to the

analysis of this type of event.
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INTRODUCTION

The climate of southern South America is
strongly influenced by the frequent occurrence
of extratropical cyclones - low-pressure transient
systems on a synoptic scale, featuring cyclonic
geostrophic vorticity. Its formation period is
called cyclogenesis. In large part, mid-latitude
cyclogenesis observed in the low troposphere
occurs combined with the surface frontal zone.
Along with this, there is a wave at upper levels
thatplaysanimportantroleinthe generationand
conversion of energy and the cyclonic vorticity
advection as well (Kousky & Elias 1982, Wash et
al. 1992, Lim & Simmonds 2002, Vera et al. 2002,
Dias Pinto & Da Rocha 2011, Avila et al. 2016).
Advection of temperature at low levels indicates
the role of air masses in the development of the
cyclone, amplifying the upper troposphere wave.

Such features are expected in transient systems
with a strong meridional temperature gradient,
that is, baroclinic instabilities (Bluestein 1993).
Besides that, diabatic processes like latent
and sensible heat fluxes, are also important
mechanisms for extratropical cyclones
formation (Atlas 1987, Seluchi & Saulo 1988,
Piva 2001, Piva et al. 2008, Schultz et al. 2018).
In the last few decades, several studies have
addressed the behavior of cyclones in South
America, especially those that developed on the
Atlantic Ocean. Satyamurty et al. (1990), through
satellite images between 1980-1986, identified a
higher frequency of extratropical cyclones in the
summer and less in the winter, indicating the
importance of thermal factors on the formation
of the systems. On the other hand, through
surface charts between 1979-1988, Gan & Rao
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(1991) found greater frequency in the winter
and identified two most favorable regions for
cyclogenesis: one around Uruguay and another
near to Gulf of San Matias in Argentina. Sinclair
(1994, 1995) show the east coast of South America
as favorable to cyclogenesis, including those of
rapid development, with greater frequency in
winter and trajectories to east and south, as well
as Gan & Rao (1991). Andes Cordillera has an
important role in lee cyclogenesis, as presented,
for example, in Gan & Rao (1994) and Hoskins
& Hodges (2005). Reboita et al. (2010), through
RegCM3 simulations, identified the cyclogenetic
areas pointed outin Gan & Rao (1991), in addition
to a third one, featuring less intense systems, on
the coast of south-southeastern Brazil.

Cyclogenesis can also be classified
according to its intensity, determined from the
increment of cyclonic vorticity associated with
the cyclone or, more usually, from the drop in
the cyclone’s central pressure (Gan & Seluchi,
2009). According to Sanders & Gyakum (1980),
cyclones called explosives, or “bombs”, are
characterized by a decrease of at least 1 hPa/h
in 24 hours to the reference latitude of 60°. The
resulting critical rate, denoted by 1 Bergeron
(B), ranges from 28 hPa/24h at the pole and 12
hPa/24h at the latitude of 25°. These systems
are formed preferably over the ocean, where
surface heat fluxes are important in preparing
the environment for the explosive phase
(Piva et al. 2011). They are also generated in
regions where there is strong baroclinicity with
intense horizontal temperature gradients at
the surface (Sanders & Gyakum 1980, Roebber
1984), producing strong winds, low visibility,
large amounts of precipitation, and dangerous
ocean conditions as a result of this rapid change
in central pressure (Allen et al. 2010). Thus,
explosive cyclones have a potential for socio-
economic impact greater than ordinary cyclones,
especially in coastal regions.

EXPLOSIVE CYCLONES STUDY EMPLOYING REANALYSES

Increasingly, reanalysis datasets have been a
great tool in investigating atmospheric systems.
Reanalysis data are a strategy to fill gaps in the
observation system and diagnose variables that
are unable to be measured directly (Kennedy
et al. 2011). Since each reanalysis uses different
models and data assimilation systems, the
methodologies applied lead to a distinct view of
the atmosphere in the final products. Therefore,
it is interesting to compare different products
and analyze any discrepancies and their causes
- what justifies a large number of papers using
different sources of reanalysis data (Hodges et
al. 2003, Bengtsson et al. 2004, Mendes et al.
2009, Kennedy et al. 2011, Hodges et al. 2011,
2017, Kuwano-Yoshida & Enomoto 2013, Pillar et
al. 2018, for example).

In a climatology of cyclones made for the
North Atlantic, Hanson et al. (2004) compared
the reanalysis from ECMWF, ERA-15 (which was
extended from 1994 to 2001 using operational
analyses in the same way as Hoskins & Hodges
(2002)), with the NCEP/NCAR reanalysis and
showed that the data of the first (higher
resolution) produced a more comprehensive
climatology of the studied region at all scales.
Trigo (2006) made a climatology of storm-tracks
in the European Atlantic sector, also observing
their annual variability, comparing the
reanalyses ERA-40 and NCEP/NCAR. The author
showed a strong discrepancy in the number
of storms in each dataset (higher for ERA-40)
resulting from differences in the resolution of
the fields due to the detection algorithm and
also from the models’ integration features and
assimilation schemes used in each reanalysis.
Despite the differences in the number of events,
both reanalyses agreed on the main areas of
storm-track activity. Allen et al. (2010), comparing
multiple reanalyses for a global climatology of
explosive cyclones, showed a preferred region of
formation, with the maximum for the Southern
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Hemisphere between 30°S and 50°S, 70°W and
10°W, more specifically in the cyclogenetic region
identified by Gan & Rao (1991) and Reboita et
al. (2010), on the southeast coast of the South
American continent. The authors indicated
winter as the most frequent season of these
systems, a characteristic found in Bitencourt
et al. (2013) as well, and also showed that high
resolution and modern reanalyses increase the
density of rapidly intensifying cyclones, agreeing
with the other authors mentioned above.
Relatively, few authors have focused their
studies on comparisons between reanalyses
for the Southern Hemisphere, especially for
explosive cyclones. Since these datasets are
always being updated, this study aims to show a
comparison between the analyses of explosive
cyclone cases that occurred in the South
Atlantic in 2014 and 2015, using reanalyses of
very different spatial resolutions (MERRA-2 and
NCEP2, described below), pointing out dynamic
and synoptic aspects related to these events.

MATERIALS AND METHODS

Reanalysis data

The following data were used: mean sea level
pressure (mslp), geopotential height at 500 hPa,
and wind components u and v at 250 hPa from
the Second Modern-Era Retrospective-Analysis
for Research and Applications (MERRA-2) with
0,59 latitude and 0,669 longitude of spatial
resolution and interpolations for 42 vertical
levels (Bosilovich et al. 2016). These data
were selected for the years 2014 and 2015, a
period that collected a sufficient number of
cases for this work’'s purpose and presented
approximately neutral conditions concerning
the El Nifo Southern Oscillation (ENSO)
phenomenon. This MERRA-2 dataset replaces
the original MERRA reanalysis (Rienecker et al.
2011) using an updated version of the Goddard

EXPLOSIVE CYCLONES STUDY EMPLOYING REANALYSES

Earth Observing System Model, Version 5 (GEOS-
5) data assimilation system, which allows larger
data collections. Several works employing
MERRA-2 data for different purposes are found
in the American Meteorological Society Special
Collection organized by Michael Bosilovich,
available at (https://journals.ametsoc.org/
topic/merra-2).
Forcomparison,datafromthesamevariables
and period were used from the reanalysis of the
National Centers for Environmental Prediction
- Department of Energy Atmospheric Model
Intercomparison - Il (NCEP2) with 2,59 latitude
and 2,59 longitude of spatial resolution and 17
vertical levels (Kanamitsu et al. 2002), covering
the same period obtained from MERRA-2.
This dataset is an updated version of the first
reanalysis NCEP/NCAR (Kalnay et al. 1996),
with error correction from the previous one
and use of an improved prediction model and
data assimilation system, being recommended
for transient systems analysis in the Southern
Hemisphere (Kanamitsu et al. 2002). As well
as MERRA-2, the NCEP2 dataset is also widely
employed for different purposes, for example,
climate modeling (Liang et al. 2004), analysis of
teleconnections (Claud & Terray 2007), monsoons
(Gu et al. 2010), monitoring of drought (Yao et al.
2010) and tropical cyclones (Choi et al. 2016).

Identification of explosive cyclones

All locations with trough and closed isobars on
the surface, inside the spatial domain addressed
in the study (15°S and 60°S, 75°W and 10°W),
were visually identified in the mslp fields.
Subsequently, the mslp values of the grid points
referring to the centers of the closed isobars or
troughs were obtained, to verify the existence
and the exact position of the local minimum.
Thus, it was possible to identify the beginning
of the system, its trajectory, and the Normalized
Deepening Rate (NDR), in Bergeron (B), during
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the development of the cyclone. According to
Sanders & Gyakum (1980):

NDR AP sen 602
= — X%
24 sen¢

being APc the central pressure change in 24
hours and ¢ the average position related to the
latitude, considering the start and end points
of the system position during the explosive
phase. When the result is greater than or equal
to 1B, the system is considered to be rapidly
developing, that is, an explosive cyclone.

Explosive cyclones were distinguished in
intensity: 1,00 < NDR < 1,30 are weak, 1,30 < NDR
< 1,80 are moderate and NDR > 1,80 are intense.
This intensity classification differs slightly from
that proposed by Sanders (1986), which classifies
weak explosive cyclones as 1,0 < NDR < 1,2 and
moderate as 1,3 < NDR < 1,80. Since the present
work considers two decimal places, weak and
moderate classes were slightly modified,
concerning Sanders (1986) definitions. As well
as for intensity, the cases were distinguished
according to Petterssen and Smebye (1971), that
is, in type A (surface systems that form without
the pre-existence of an upper-level trough) and
type B (surface systems initiate downstream
of a pre-existing upper-level trough) by visual
analysis of upper-level fields and mslp.

From the minimum mslp values, composite
fields centered on these values were generated,
during the explosive phase, for the intense (NDR
> 1,80) and non-intense (NDR < 1,80) systems.

RESULTS AND DISCUSSION

Comparisons between reanalysis

Through MERRA-2 data (higher spatial resolution
- 0,5° latitude x 0,66° longitude), 49 cases were
found. Using data from NCEP2 (lower spatial
resolution - 2,5° latitude x 2,5° longitude), 31

EXPLOSIVE CYCLONES STUDY EMPLOYING REANALYSES

of these 49 cases were identified. There were 2
cases found using NCEP2 that were not observed
through MERRA-2. Thus, a total of 51 cases
were observed (Tables | and II). The difference
in the number of detections using different
spatial resolutions was also found in Gyakum
et al. (1996), which showed that significant
improvements in the detection of the central
cyclone pressure occur as a consequence of an
increase in horizontal resolution.

Regarding the seasonal distribution of
the systems, in the MERRA-2 reanalysis the
highest frequency was observed in the spring,
followed by summer, then autumn and winter
with the same number of cases. With the NCEP2
reanalysis, a similar result was observed, except
autumn and winter frequencies were distinct
(Table I1).

Theresults mentioned above do notagree on
frequency and seasonality with the climatology
made by Bitencourt et al. (2013). Using data
from NCEP/NCAR reanalysis, the authors used
the cyclone identification method proposed by
Murray & Simmonds (1991), classifying explosive
cyclones in the cyclogenetic area of South
America as rare phenomena, identifying, on
average, 2,7 cases per year. The authors found
more cases in the winter and fewer in the
summer,such asAllen et al. (2010). The difference
between the results of the present study and
Bitencourt et al. (2013) can be explained by the
choice of spatial domain: they analyzed the
domain of 15°S and 45°S, 60°W and 20°W, while
here much of the South Atlantic (15°S and 60°S,
75°W and 10°W) was used. Besides, the better
quality of high-resolution data and direct visual
examination of mslp charts employed here
also influence the results (Avila 2018). It is also
important to note that this study has analyzed
only two years. Certainly, it brings some impact
on seasonality. However, it is noteworthy that
in a study on generic extratropical cyclones
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Table I. Intensity, in Bergeron, of the cases for both reanalyses and seasonal distribution in 2014.

Cases Intensity MERRA-2

03 - 04 JAN 1,96
15 - 16 JAN 1,05
25 - 26 JAN 1,21
01- 02 FEB 115
05 - 06 FEB 1,22
12- 13 FEB 1,41
13 - 14 MAR 113
15 - 16 MAR 1,64
31 MAR - 01 APR m
12 - 13 APR 2,38
19 - 20 MAY 1,21
22 - 23 MAY 1,45
04 - 05 JUN 1,37
13 - 14 JUN 1,21
17 - 18 JUN 2,44
19 - 20 JUL 4
07 - 08 AUG 1,70
18 - 19 AUG 1,08
30 - 31 AUG 107
21-22 SEP 1,44
24 - 25 SEP 1,37
01- 02 OCT 2,05
10 - 11 OCT 1,30
24 - 25 OCT 113
30 - 31 0CT 107
08 - 09 NOV 1,69
22 - 23 NOV 1,22
22 - 23 DEC 1,81

(of any intensity) on the east coast of South
America, Gan & Rao (1991) also found spring as a
preponderant season for systems arising south
of 309S. In the cyclogenetic area of the La Plata
River. Reboita et al. (2010), using the RegCM3
model, also found a higher frequency of generic
cyclones in the spring.

As for the intensities, the impact of grid
resolution seems to be remarkable. While with
the finer reanalysis, 20 weak, 19 moderate, and

Intensity NCEP2
1,89
0,54
0,96
1,00
1,39
1,09
NOT IDENTIFIED
1,38
113
1,89
1,31
1,77 AUTUMN
0,83
1,05
0,77
0,46
1,36
1,30
0,68
1,26
0,93
1,57
1,23
0,79
118
NOT IDENTIFIED
0,90
1,53 SUMMER

Seasons

SUMMER

WINTER

SPRING

10 intense cases were identified, with the coarser
reanalysis, 17 weak, 14 moderate, and only 2
intense cases (in the summer and autumn of
2014) were detected, which made it impossible
to define a season with a higher frequency of
intense explosive cyclones using this reanalysis.
For MERRA-2 the most intense cases were found
in summer. It is noted that in the spring - the
most recurrent season of explosive cyclones for
both reanalyses - there is a higher frequency
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Table Il. Intensity, in Bergeron, of the cases for both reanalyses and seasonal distribution in 2015.

Cases Intensity MERRA-2
15 - 16 JAN 1,85
19 - 20 JAN 1,54
30 - 31 JAN 1,82
21-22 MAR 0,88
26 - 27 MAR 1,02
08 - 09 MAY 1,09
02 - 03 JUN 143
15-16 JUN 1,90
10 - 11 JUL 1,57
13- 14 JUL 1,42
31JUL - 01 AUG 1,85
01 - 02 SEP 1,27
09 - 10 SEP 1,66
11 -12 SEP 2,08
16 - 17 SEP 1,48
26 - 27 SEP 0,89
28 - 29 SEP 1,49
02 - 03 OCT 1,06
08 - 09 OCT 1,00
22 -230CT 1,78
24 - 25 OCT 1,30
28 - 29 NOV 1,25
09 - 10 DEC 143

of moderate systems by MERRA-2 and a higher
frequency of weak cases according to NCEP2
(Table 111). The finer reanalysis has a higher
density of grid points, enabling the identification
of sea level pressure values closer to the center
of the cyclone, and thus shows a higher intensity
during explosive development.

Figures 1, 2, and 3 (a and ¢ - MERRA-2; b
and d - NCEP2) show the trajectories of weak,
moderate, and intense cases, respectively, that
occurred in 2014 and 2015, from cyclogenesis
to the end of the explosive phase, distributed
according to both reanalyses. Some cases have
their explosive phase just at the beginning of
cyclogenesis. It was noticed that the difference
in spatial resolution affected the description of

Intensity NCEP2
1,53
1,33 SUMMER
1,28
1,02
0,98
1,02 AUTUMN
0,82
NOT IDENTIFIED
1,55
1,36
1,45
0,87 WINTER
1,45
NOT IDENTIFIED
NOT IDENTIFIED
1M
1,08
0,74
1,04
1,29
1,09
1,02
1,05

Seasons

SPRING

the systems’ displacements. MERRA-2 described
cyclone movements in @ more smoothed way
due to the higher density of grid points, refining
the information in the region. On the other
hand, due to the very large spacing between
grid points in NCEP2, the estimates of cyclone
trajectories seem to be less accurate.

Despite the variations, in general, it was
noted that cyclones have been formed in the
cyclogenetic regions identified in Gan & Rao
(1991), near the coast of Uruguay and southern
Brazil. Besides, some of these originated from
an inverted trough in the surface (Piva et al.
2010), prolonged from the region leeward of the
Andes. The transition between the continental
low (inverted trough) and the extratropical
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Table lll. Numbers of events classified according to NDR for each season and each reanalysis, for the years 2014

and 2015.
WEAK MODERATE INTENSE TOTAL
MERRA NCEP MERRA NCEP MERRA NCEP MERRA NCEP
Summer 5 3 3 5 4 1 12 9
Autumn 5 4 3 2 3 1 1 7
Winter 4 0 5 6 2 0 1 6
Spring 6 10 8 1 1 0 15 1
Total 20 17 19 14 10 2 49 33

cyclone is common in South America (Caballero
et al. 2018).

A preferential displacement of the systems
southeastward is noted. As explosive cyclones
developed preferentially in a baroclinic zone,
their displacement is mainly due to temperature
advection (Bluestein 1993). This factor, combined
with the eastward movement of the upper-level
westerlies, contributes to the trajectories shown
in figures 1, 2, and 3.

As can be seen in Figures 1 and 2, weak and
moderate cyclones have originated in a wide
area, therefore not presenting a characteristic
formation region. On the other hand, it is
common to find them with ordinary cyclogenesis
over the continent, with the explosive phase
starting only on the ocean, for both reanalyses.

Two cases presented a displacement to the
northeast, with trajectories in dark blue and
dark purple (Figure 1a-d and 2a-d), representing
the cases of March 26-27 (Figure 1c) and October
24-25 (Figure 2c), respectively. Both have similar
behaviors because they begin as a surface
cyclone east of a transient trough at upper levels
and quickly their centers are under the axis of
this trough. This indicates that they reached the
end of the baroclinic cycle, and should dissipate
accordingtoSimmonds &Hoskins(1978); however,
the systems continued to intensify. Dias Pinto &
Da Rocha (2011) analyzed the energetics and the
structure of three cyclones, with one of them
developing in a region of weak baroclinicity. The

An Acad Bras Cienc (2022) 94(Suppl. &)

authors observed that the most energetic phase
of the cyclone was at the beginning, in which
barotropic conversion was the most important
factor, transforming the kinetic energy of zonal
flow into kinetic energy of disturbance through
the eddy momentum fluxes. This also seems to
explain the development of these two systems
here identified during much of the explosive
phase. Moreover, when the systems become
barotropic the temperature advection does not
play the same role in the trajectory as in the
case of baroclinic systems, which may explain
the shift northeastward.

Among the intense cases for MERRA-2
reanalysis (Figures 3a and 3c), a similarity
was noted related to the region of origin of
the explosive phase (between 35°S and 40°S,
40°W and 30°W) for 2015, except for one single
event that occurred further west, at the end
of July (shown in light red). For the year 2014,
the region of origin was located further west
(between 40°S and 45°S, 50°W, and 40°W)
including 3 of the 5 cases. They all intensified
in a baroclinic environment, with a strong
horizontal temperature gradient (not shown
here). In addition, two cases stood out in 2015,
since they developed in the vicinity of an older
cyclone. Despite being in different seasons,
summer and autumn, such systems originated
approximately in the same region, on the coast
of Uruguay and east of extreme south of Brazil,
respectively. Both presented a very similar
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Figure 1. Trajectories of weak explosive cyclones (dashed lines - non-explosive phase; solid lines - explosive
phase): a) MERRA-2 in 2014; b) NCEP2 in 2014; c) MERRA-2 in 2015; d) NCEP2 in 2015. Systems with solid circle
trajectories are common cases of the two reanalyses, while those with solid triangle trajectories are cases only of

the presented reanalysis.

development, distinguishing themselves only in
the final position. The summer case had a shift
to the southeast, while the autumn one had a
shift to the south. The two cases observed using
data from NCEP occurred in 2014 and presented
the same direction (southeast) but originated in
different regions (Figure 3b).

According to MERRA-2 data, 35 explosive
cyclones that developed downstream of a
preexisting upper-level trough were found
(Figure 4a), and therefore are characterized as
type B as stated in Petterssen & Smebye (1971).
For the NCEP2 reanalysis, 28 cases of type B were
observed (Figure 4b). On the other hand, with
MERRA-2, 14 systems were identified in which
the initial developments occurred without the

An Acad Bras Cienc (2022) 94(Suppl. &)

presence of preexisting trough at upper levels
- such trough appeared during surface cyclones
development, characterizing it as type A (Figure
4a). Employing NCEP2 data, 5 cases were found
as type A (Figure 4b). It is important to highlight
that for some cases studied here the Petterssen
& Smebye classification was not the same
for the two reanalyses. This was due to one
reanalysis identifying the cyclone in a different
time instant from the other.

A confluence of subtropical and polar jets
was detected upstream of the upper-level
trough associated with the surface system was
observed in 29 cases. Such upstream confluence
(not shown here) is observed in the same cases

€20200797 8117
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Figure 2. Trajectories of moderate explosive cyclones (dashed lines - non-explosive phase; solid lines - explosive
phase): a) MERRA-2 in 2014; b) NCEP2 in 2014; ¢) MERRA-2 in 2015; d) NCEP2 in 2015. Systems with solid circle
trajectories are common cases of the two reanalyses, while those with solid triangle trajectories are cases only of

the presented reanalysis.

in the two reanalyses, as both similarly represent
the jets.

Reanalyses are strongly limited by available
observations that are assimilated by the
respective models. In regions where observation
coverageissparse,suchasSouthern Hemisphere,
reanalysis data are more dependent on the
model and physical parametrizations when
compared to the Northern Hemisphere, where
observations are abundant (Hanson et al. 2004).
This can produce different results between
the hemispheres, emphasizing the difference
between the reanalyses. Thus, high-resolution
reanalyses are a more powerful tool for studies
in the South Hemisphere region (Allen et al.
2010).

An Acad Bras Cienc (2022) 94(Suppl. 4)

Composite fields

The composite fields presented in this section
show the grid-centered cyclone with negative
longitudes (latitudes) on the west (south) and
positive on the east (north) side. These fields
show very well the life cycle of extratropical
cyclones for both intensities, in which
baroclinicity and energy conversion become
important in the development of the system,
while barotropic processes are significant in
maturation (Simmonds & Hoskins 1978, Randel
& Stanford 1985, Holton 2004, Reboita et al.
2017a). Regardless of intensity, the negative
horizontal inclination of the trough is observed
in mid levels during the systems’ development
(Figures 5a, b, ¢, d, and e and 64, b, ¢, d, and e).
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Figure 3. Trajectories of intense explosive cyclones (dashed lines - non-explosive phase; solid lines - explosive
phase): a) MERRA-2 in 2014; b) NCEP2 in 2014; ¢) MERRA-2 in 2015. Systems with solid circle trajectories are common
cases of the two reanalyses, while those with solid triangle trajectories are cases only of the presented reanalysis.

According to MacDonald (1976) and Cossetin et

al. (2016), the negative slope indicates extremely
severe instability, which was a consequence of
the significant increase in convective activity

(not shown here).

a)

EType A B TypeB

Figure 4. Classification of cyclones as type A and B for:

a) MERRA-2; b) NCEP2.

At the beginning of the explosive phase, it is
observedthatthetrough has a greateramplitude
in intense cases (Figure 5) when compared to
non-intense ones (Figure 6), hence indicating

more intense temperature advection. Besides
that, it was observed that the most intense cases
have a greater geopotential height gradient.

The

Analyzing a reference level, for example, 5600
gpm, it is detected that the most intense cases
start in a thicker (warm) layer.

Wind fields show a stronger jet in intense
explosive cyclones (Figures 7a, b, ¢, d, and e).

thermal wind balance indicates that the

relationship between the temperature gradient

and

An Acad Bras Cienc (2022) 94(Suppl. 4)

the vertical shear of the wind gives rise to

the jet stream (Kousky & Elias 1982, Bluestein
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Figure 5. Composite fields

latitude
latitude

of mean sea level pressure
with 3 hPa intervals (colored
solid lines) and geopotential
height at 500 hPa with 50
gpm intervals (black solid
lines) for intense cases: a)
t0 (beginning of explosive
phase); b) t1; ¢) t2; d) t3; e) t4
(end of explosive phase).

longitude

d
/_5700

latitude
latitude

NN

longitude
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1993, Lima & Nunes 2018). Consequently, this
result shows that the wind increases in intensity
with the height more vigorously in the intense
explosive cyclones and gives evidence that
these are associated with a higher temperature
gradient. Also, baroclinic systems are always
associated with the wave-like pattern of the
jet stream, decreasing their wavelength and
leading, in some cases, to the formation of upper
tropospheric cyclonic vortexes, as observed in
intense cases (Bluestein 1993, Nunes 2017, Lima
& Nunes 2018).

An Acad Bras Cienc (2022) 94(Suppl. 4)

Difluent flow at upper levels was observed
over the surface cyclone in 21 of the 31 cases
identified by both reanalyses, mainly during
the explosive phase in the exit of the jetstream.
Besides highlighting this phenomenon, during
the development, this feature is clearer using
finer reanalysis. Sanders (1993) showed idealized
patterns of flows at higher levels to ascertain
the relationship of difluence in the deepening
of low surface pressures. The author found
that, in the scale of the disturbance and on an
approximately geostrophic flow, there is a strong
relationship between the intensification of the
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Figure 6. Composite
fields of mean sea level
pressure with 3 hPa
intervals (colored solid
lines) and geopotential
height at 500 hPa with
50 gpm intervals (black
solid lines) for non-
intense cases: a) t0
(beginning of explosive
phase); b) t1; ¢) t2; d) t3;

longitude

e) t4 (end of explosive
phase).
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surface system with an upstream difluent trough,
under the vorticity advection region. Thus,
mass convergence at low levels is emphasized,
providing deep convection, correlated with this
pattern.

Concerning intensity, it was observed that
the difluence at upper levels over the surface
system is clearer in non-intense explosive
cyclones than in intense ones (Figures 8a, b, ¢,
d, and e). Besides, it was also diagnosed that
the difluence accompanies the jetstreak exit

An Acad Bras Cienc (2022) 94(Suppl. 4)

for any type of intensity. In intense cases, the
same occurs over the cyclone, up to 12 hours
after the beginning of the explosive phase, while
in non-intense cases up to 6 hours (Figures 7
and 8). According to Schultz et al. (1998), classic
cyclones occur associated with difluent flow at
higher levels; in the same way, a confluent flow
at upper levels is linked with the Shapiro-Keyser
type (Reboita et al. 2017b).
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Figure 7. Composite fields of
wind magnitude at 250 hPa
with 5 m/s intervals (colored
solid lines) and streamlines

at 250 hPa (blue thin lines) for
intense cases: a) t0 (beginning
of explosive phase); b) t1;

c) t2; d) t3; e) t4 (end of
explosive phase).
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CONCLUSIONS

This work presented an analysis of explosive
cyclones in South Atlantic comparing MERRA-2
(higher spatial resolution) and NCEP2 (lower
spatial resolution) reanalyses in 2014 and 2015.
According to MERRA-2 49 cases of explosive
cyclones were identified, among which 10
were intense (NDR > 1,8), while NCEP2 detected
33 cases and only 2 intense cases. A higher
frequency of events in the spring was observed
for both reanalyses, which disagrees with
previous studies about explosive cyclones
which exhibited the highest frequency in the
winter. Such disagreement may lie mainly in the

period extent studied. However, some similar
studies, but on ordinary cyclones, indicate a
higher frequency in the spring.

Among the 5 intense cases identified by
the MERRA-2 reanalysis in 2015, 4 started the
explosive phase in a similar region (between
35°S and 40°S, 40°W and 30°W). For the year
2014, 3 of 5 cases occurred in an equivalent area,
further west (between 40°S and 45°S, 50°W
and 40°W) showing a strong baroclinicity in the
region.

The importance of the method used
in the identification of the systems stands
out: monitoring of mslp fields through the

An Acad Bras Cienc (2022) 94(Suppl. 4) €20200797 13 | 17
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observation of the minimum locations at each
grid point, which was possible to detect a few
cases where there was no closed vortex in the
mslp field. In these cases, the method showed a
minimum value of mslp at the grid point in the
region of the figure, enabling the identification
of the cyclone. Nevertheless, for good detection,
a finer reanalysis with a larger amount of
information is important.

The analysis of the 51 cases showed that
MERRA-2 has a greater ability to distinguish
type A and B systems, identifying 14 and 35,
respectively. This difference is most noticeable
in NCEP2 reanalysis where there were 28 type

An Acad Bras Cienc (2022) 94(Suppl. &)

B and only 5 type A. Strictly speaking, this
remarkable difference between MERRA-2 and
NCEP2 is explained by distinction in spatial
resolution, identifying the cyclone in an earlier
or later time step, or also by the inequalities
that occurred between the reanalyses to upper
levels, as well asto low levels. At upper levels, the
finer reanalysis detected with greater clarity and
persistence difluent flows in the explosive phase
around the cyclone, or over it, which indicates
an important characteristic associated with
instability. A confluence pattern of subtropical
and polar jets upstream of the upper-level
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trough associated with the surface system was
noted in 29 cases during the analyzed period.

The analysis of the composite fields
indicated, for intense (NDR > 1,80) and non-
intense (NDR < 1,80) cases, a life cycle of a typical
extratropical cyclone during the explosive phase.
A negative horizontal tilt of the trough at 500
hPa, influenced by intense convection while the
system is developing, was observed. Besides, a
sharper jet in the intense explosive cyclones,
indicating a superlative horizontal temperature
gradient in these systems, was also noted. The
difluence accompanied the exit of the jetstreak
according to the explosive development for both
intensities. This characteristic over the surface
cyclone was more prominent in the non-intense
and still presented a persistence of 6 hours,
from the beginning of the explosive phase, while
in the intense this characteristic was 12 hours.

Thus, this work showed that a higher spatial
resolution tends to present a better choice
for identification and to depict features in the
development of explosive cyclones in South
America. Hence, the reanalysis of MERRA-2 tends
to be a better choice than NCEP2. Future work
will address other types of reanalysis for longer
periods.
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