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Atmospheric blockings in Coupled
Model Intercomparison Project Phase 5
models with different representations
of Antarctic sea ice extent

CAMILA B. CARPENEDO & TERCIO AMBRIZZI

Abstract: This study investigated whether there are differences in the frequency and
position of Southern Hemisphere atmospheric blockings between Coupled Model
Intercomparison Project Phase 5 models with different representations of Antarctic
sea ice extent in historical experiments. In the model with the greatest sea ice
underestimation (Model for Interdisciplinary Research on Climate version 5) there is
a weakening of the polar jet and an increase in 500-hPa height. These atmospheric
conditions favor the predomination of simulated blocking frequency overestimations
(autumn-winter), in relation to the observed (ERA-Interim). On the other hand, in the
models with the greatest sea ice overestimations (Community Climate System Model
version 4) and the better sea ice representation (Norwegian Earth System Model version
1) there is a strengthening of the polar jet and weaker positive differences in 500-hPa
height in the Antarctic region. These atmospheric conditions favor a predominance of
simulated blocking frequency underestimations (all seasons). All models present a
good representation of the preferred blocking regions (South Pacific), although they do
not represent the longitudinal location of the maximum frequency. In years of sea ice
retraction (expansion), there is a predominance of a higher (lower) blocking frequency
in the 60°S for all models and observed data.
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INTRODUCTION

Prolonged episodes of extreme weather
conditions such as droughts/floods (e.g.,
Trenberth & Guillemot 1995, Mo et al. 1997,
Rodrigues & Woollings 2017) and heatwaves
(e.g., Kalkstein et al. 1996, Karl & Knight 1997,
Rodrigues & Woollings 2017) are often associated
with periodic atmospheric flow anomalies (Dole
19864, b, Higgins & Schubert 1994, 1996), which
can last from a few days to weeks. Among
these phenomena, atmospheric blockings are
associated with extreme weather events due to
their systematic and persistent nature, affecting
the normal propagation of transient systems.

A better understanding of the mechanisms
that originate, maintain and dissipate such
phenomena is of great importance for the
success of short, mid- and long term predictions,
considering that atmospheric blockings play
an important role in atmospheric variability in
various time scales (e.g., Rex 1950, Tsou & Smith
1990, Nakamura & Wallace 1993, Nakamura 1994,
Nakamura et al. 1997, Lupo & Smith 1998, Luo et
al. 2002, Nakamura & Fukamachi 2004, Tyrlis &
Hoskins 2008, Rodrigues & Woollings 2017).
Among the mechanisms associated
with atmospheric blockings, in the Northern
Hemisphere orographic forcing is dominant
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(Kikuchi 1969, Shabbar et al. 2001), while in
the Southern Hemisphere, due to the lower
orography asymmetry, the main mechanism is
thermal forcing (Coughlan 1983, Ambrizzi et al.
2009). The location of sea surface temperature
(SST) anomalies in relation to large-scale flow
is one of the conditions for these anomalies
to produce changes in atmospheric circulation
(Shukla 1986, Kidston et al. 2011, Raphael et al.
2011). There is a great potential for Antarctic sea
ice to affect atmospheric circulation, from the
surface to mid-troposphere levels, as the pack
ice edge isin avery sensitive region - south of the
Southern Hemisphere baroclinic zone (Raphael
et al. 2011, Kidston et al. 2011, Parise et al. 2015).
Kidston et al. (2011) showed that southern mid-
latitude positive SST anomalies of 0.5 to 1.0°C
resulted in surface heat flux anomalies of 1
to 5 Wm?, while Antarctic sea ice extent (SIE)
anomalies generated flux anomalies greater
than 100 Wm™. The authors thus conclude that
variations in SIE have the potential to exert more
significant influence on atmospheric circulation
than SST anomalies.

Although the relationship between
atmospheric blockings and SIE is still not well
known (e.g., Washington & Meehl 1984, Bates
& Meehl 1986, Liu et al. 2012, Tang et al. 2013,
Luo et al. 2018), there is evidence that it exists.
Southern Hemisphere atmospheric blockings
mainly occur between the 50° and 65°S
latitudes (Sinclair 1996, Mendes et al. 2008),
so atmospheric blockings located at higher
latitudes are more persistent than those over
lower latitudes (Oliveira et al. 2014). In addition,
the highest frequency of atmospheric blockings
occur in the cold season (Van Loon 1956, Mendes
et al. 2008, Oliveira & Ambrizzi 2016), which
coincides with the maximum Antarctic SIE.

Washington & Meehl (1984) and Bates
& Meehl (1986) analyzed the effect of an
atmosphere with twice the CO2 concentration
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in the Southern Hemisphere atmospheric
blocking frequency. The authors concluded
that, as the tropospheric temperature increases,
there is an increase in the 500 hPa geopotential
height, near the region where sea ice retracts
and the atmospheric blocking frequency is
reduced. On the other hand, previous studies
have suggested that Arctic warming and sea ice
loss led to an increase in the occurrence and
persistence of blocking events in the Northern
Hemisphere (e.g,, Liu et al. 2012, Tang et al. 2013,
Luo et al. 2018). The authors justified that the
weakening of the westerly winds tend to amplify
the ridges and troughs, which are susceptible to
the formation of atmospheric blockings related
circulations (Liu et al. 2012).

The Antarctic SIE has shown an increasing
trend in the last decades (1979-2014), followed
by an abrupt reduction (2014-2017), greater
than the loss of the Arctic SIE in the last three
decades (Parkinson 2019). In the Coupled Model
Intercomparison Project Phase 5 (CMIP5) models,
produced by the Intergovernmental Panel on
Climate Change (IPCC), the representation of the
Antarctic SIE shows improvements in relation
to CMIP3 (IPCC 2013). Despite this, considering
four decades of satellite measurements, most
CMIP5 models show a negative trend in Antarctic
SIE, contrasting with the observed positive trend
(Turner et al. 2013, Parkinson 2019). Internal
variability (Landrum et al. 2012, Polvani &
Smith 2013, Zunz et al. 2013); model sensitivity
to warming (Rosenblum & Eisenman 2017);
problems in simulating high latitude winds
(Koldunov et al. 2010) and ocean heat advection
and mixing (Melsom et al. 2009) contribute to
these uncertainties. The rare CMIP5 models, with
a positive trend of the Antarctic SIE overestimate
the interannual variability, resulting in a large
range of possible trends, masking the differences
between the models and observations (Zunz et
al. 2013).
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The objective of this study was to investigate
whether there are differences in the frequency
and position of the Southern Hemisphere
atmospheric blockings, between CMIP5 models
with different representations of Antarctic
SIE produced by historical experiments. The
results may further the understanding of the
mechanisms related to Southern Hemisphere
atmospheric blockings, and this in turn may
improve mid- and long-term forecasting of
these systems.

MATERIALS AND METHODS
Data

We used three atmosphere-ocean general
circulation models (AOGCM) from the Working
Group on Coupled Modeling/ World Climate
Research Program, comprising CMIP5 (Taylor et
al. 2012), employed as a basis for the IPCC Fifth
Assessment Report. Three AOGCM were chosen
for their distinctive Antarctic SIE representations,
in terms of greatest underestimation, the best
representation and greatest overestimation. The
MIROC5 (Model for Interdisciplinary Research
on Climate version 5) is the one with the
highest underestimation for Antarctic SIE, the
NorESM1-M (Norwegian Earth System Model
version 1) presents the best representation and
the CCSM4 (Community Climate System Model
version 4) presents the highest overestimation
(Turner et al. 2013). For selected models, we
have obtained the daily historical simulations
(1979-2005) of sea ice concentration (%), 500-hPa
geopotential height (m) and 250-hPa zonal wind
(ms™).

MIROCS - a joint effort of the Atmosphere
and Ocean Research Institute (The University of
Tokyo); the National Institute for Environmental
Studies and the Japan Agency for Marine-
Earth Science and Technology - is an AOGCM
with atmospheric, oceanic, sea ice and land
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components (Watanabe et al. 2010). The sea ice
component calculates the evolution of thickness
distribution on a subgrade scale, following the
governing equations of Thorndike et al. (1975).
In each horizontal grid, sea ice is divided into
five categories, plus open water. The thermal
capacity of sea ice is considered in the module.
Salinity is fixed at 5 psu. Sea-ice albedo, at 0°C,
is 0.8 (visible band) and 0.65 (near infrared
band), while at less than -5°C, it is 0.9 (visible
band) and 0.8 (near infrared band) (Watanabe
et al. 2010). Detail of other components can be
seen in Watanabe et al. (2010).

The CCSM4, offered by the National Center
for Atmospheric Research (NCAR), is an AOGCM
with atmospheric, oceanic, sea ice and land
components, which are connected by a coupler
that exchanges state and flow information
between the components (Gent et al. 2011). The
sea ice component is based on the Community
Ice Code (CICE) version4, which includes a delta-
Eddington radiative transfer scheme, using
inherent optical properties to define dispersion
and absorption characteristics of snow and sea
ice, including absorbers such as black carbon
and dust (Gent etal.2011). The other components
can be seen in detail in Gent et al. (2011).

The NorESM1-M was developed by the
Norwegian Climate Center (NCC) and is
largely based on the CCSM4 model. The main
differences are (Bentsen et al. 2013): (1) the
isopycnic coordinate ocean module; (2) the CAM4
atmospheric module is replaced by the CAM4-
Oslo, with aerosol parameterizations, aerosol-
cloud interactions and aerosol-radiation. The
finite volume dynamical core has a horizontal
resolution of 1.9° x 2.5°, model top at 2.917 hPa,
26 vertical levels and hybrid sigma-pressure co-
ordinate. The grid mesh size is double that of the
standard version used in CCSM4; (3) Sea ice and
land modules are basically the same as CCSM4
except that mineral dust aerosols on snow and
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sea ice are based on the aerosol calculations in
CAM4-0slo.

Here we focus on the period 1979-2005
since this period overlaps with the available
satellite record of SIE, which was obtained from
the National Snow and Ice Data Center, derived
from the National Aeronautics and Space
Administration (NASA) team algorithm (ftp://
sidads.colorado.edu/DATASETS/NOAA/G02135/).

To identify atmospheric blocking events
and to compare AOGCM historical simulations
and climate reanalysis we used the 6-hourly
atmospheric fields, relative to 500-hPa
geopotential height (m) and 250-hPa zonal wind
(ms™), of the ERA-Interim reanalysis (ECMWF
Data Server, 1.5° x 1.5°), from 1979 to 2005.

Blocking index

The blocking index used here is an adapted
version of the objective method by Tibaldi et
al. (1994), according to Oliveira et al. (2014). The
adaptations to the original blocking index were
adjusted to a smaller horizontal spacing of the
ERA-Interim reanalysis (1.5° x 1.5° rather than
3.75° x 3.75° used in the original method) and
stratified into two latitude bands, which are 48°
+ AERA and 60°S + AERA (AERA = 1.5°, 3°, 4.5°
and 6° latitude). Thus, it is possible to analyze
the latitudinal variation of atmospheric blocking
events by comparing the latitude bands (Oliveira
et al. 2014). The Geopotential Height Gradient
North (GHGN) and South (GHGS), which are
simultaneously calculated for all longitudes
per latitude band, using 500-hPa geopotential
height, give the blocking index. Flow is defined
as blocked when the conditions of GHGN being
greater than 0 m °lat” and GHGS being less than
10 m °lat” are simultaneously satisfied for at
least one latitude delta (A = 1.5°, which is the
spatial resolution of the ERA-Interim reanalysis)
and for at least 15° longitude (1100 km at
medium latitudes). This extension criterion is
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sufficient for an atmospheric blocking event
pattern (e.g., Verdecchia et al. 1996, Tibaldi
et al. 1997, Barriopedro et al. 2006, Oliveira &
Ambrizzi 2016). GHGN can be interpreted as the
geopotential height gradient or atmospheric
blocking intensity. GHGS is the geopotential
height gradient at high latitudes. This condition
was imposed by Tibaldi et al. (1994) to prevent
detached cold cutoff lows, anomalously located
at polar latitudes, from being misidentified as
atmospheric blocking events, as they can also
result in negative values (Lejefnas 1984). A time
constraint was also applied. For an episode to be
characterized as an atmospheric blocking event,
it must persist for at least 3 days, hereafter
called the atmospheric blocking event (Sinclair
1996, Marques & Rao 1999, Oliveira et al. 2014).
Atmospheric blocking events are presented here
in the form of seasonal frequency of days with
atmospheric blocking events by longitude (%),
according to previous studies (e.g., Marques &
Rao 1999, Mendes et al. 2008, Oliveira & Ambrizzi
2016, and references therein).

Methods

Initially, the daily AOGCM simulations were
interpolated with the same resolution as the
ERA-Interim reanalysis (1.5° x 1.5°), for later
comparison between the data sets. Season
definition was performed according to Zwally et
al. (2002), focusing on studies involving sea ice
cover: summer (January, February and March),
autumn (April, May and June), winter (July, August
and September) and spring (October, November
and December).

Simulated SIE was computed as the total
area of all grid cells where sea ice concentration
was greater than 15%. Annual cycle, mean
annual/ seasonal and standard deviation of
SIE of each model was compared in relation to
the SIE observed in the satellite data. Finally,
we compared the frequency of blocking events
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in years of negative (retraction) and positive
(expansion) anomalies of Antarctic SIE for all
models and satellite data/ climate reanalysis.

To assess the AOGCM potential for
simulating atmospheric blockings, in historical
experiments, this study initially compared the
seasonal frequency and the position of the
simulated atmospheric blocking events to the
climate reanalysis, in each selected model. To
study atmospheric blockings, it is necessary that
some atmosphericvariables be well represented
in the AOGCM, such as the 500-hPa geopotential
height and the high-level zonal wind. Thus, the
spatial pattern of these simulated atmospheric
fields were compared with climate reanalysis
through spatial difference analysis. We also
analyzed the standard deviation of the simulated
atmospheric fields to assess the variability of
500-hPa geopotential height and 250-hPa zonal
wind.

ATMOSPHERIC BLOCKINGS AND SEA ICE IN CMIP5

RESULTS

Assessment of Antarctic sea ice extent in the
CMIP5 models

Figure 1 shows the mean annual cycle (1979-
2005) of the Antarctic SIE, from satellite and
simulated data. We can observe that all models
represent the annual cycle of the Antarctic SIE
relatively well, with a minimum of 31 x 10° km?2
in February and a maximum of 18.4 x 10° km?2
in September (Figure 1, black line). MIROCS is
the model with the greatest underestimation
of the mean annual cycle of the Antarctic SIE
(Figure 1, gray dotted line), with a minimum of
0.2 x 10° km? (February) and a maximum of 8.6
x 10° km? (September). Furthermore, MIROCS is
the model with the lowest annual (4.3 + 3.2 x 10°
km2) and seasonal (ranging from 0.4 + 0.1 x 10°
km2 in summer to 7.8 + 0.6 x 10° km?2 in winter)
SIE (Table I). On the other hand, CCSM4 is the
model with the highest overestimation of the
mean annual cycle of SIE, with a minimum of
9.7 x 10° km2 (March) and a maximum of 21.9 x
10° km? (September) (Figure 1, gray line). The
annual SIE is 174 + 4.3 x 10° km2, ranging from

25,0 - Figure 1. Mean
—Satellite - MIROC5 --NorESM1-M ccswm‘ annual cycle (1979-
2005) of Antarctica
20,0 SIE derived from
satellite data
and simulated
- in the 3 CMIP5
g BT models (MIROC5,
2 NorESM1-M e
=0 CCSM4).
3 100 |
50 |
0,0 ] ' : : s s

Jan Feb Mar Apr May Jun Jul

Months

Aug Sep Oct Nov Dec

An Acad Bras Cienc (2022) 94(Suppl. 1) €20210432 5|19



CAMILA B. CARPENEDO & TERCIO AMBRIZZI

11.9 + 0.7 x 10° km? in summer to 21.3 + 0.6 x 10°
km2 in winter (Table 1). NorESM1-M is the model
that best represents the mean annual cycle of
the Antarctic SIE, with @ minimum of 4.9 x 10°
km2 (February) and a maximum of 17.9 x 10° km?2
(September) (Figure 1, gray dashed line). However,
overestimation prevails throughout the year,
with the exception of August to October, when
there is an underestimation of the SIE. This fact
can also be observed through the annual (12.3
+ 5.0 x 10° km2) and seasonal (varying between
5.7 + 0.5 x 10° km2 in summer and 17.0 = 0.4 x 10°
km?2 in winter) SIE (Table 1). These results are in
agreement with Turner et al. (2013).

MIROC5

The preferred atmospheric blocking regions
in the MIROC5 historical experiment (Figure
2) - the AOGCM with the greatest Antarctic
SIE underestimation (Turner et al. 2013) - are
relatively well represented in the Southern
Hemisphere, with preferential location over the
South Pacific. These findings have also been
observed by Van Loon (1956), Lejenas (1984),
Trenberth & Mo (1985), Tibaldi et al. (1994) and
Oliveira et al. (2014). However, there is a shift to
the west of the maximum frequency of blocking
events in the 48°S latitude band in winter (from
~170°W to ~160°E; Figure 2c), and in the 60°S
latitude band in autumn (from ~95°W to ~150°W;
Figure 2b), winter (from ~110°W to ~135°W)
and spring (from ~100°W to 160°W; Figure 2d).

ATMOSPHERIC BLOCKINGS AND SEA ICE IN CMIP5

There is an eastward shift in the 48°S latitude
band in summer (from ~170° to ~160°W; Figure
2a), autumn (from ~175° to ~155°W; Figure 2b)
and spring (from ~165°W to ~110°W). There
is a predomanace of overestimation in the
frequency of blocking events at 48°S (autumn
and winter) and 60°S (winter and spring)
latitude bands, reaching a 260% increase in
~160°E (from 2% of the observed frequency to
7.2% of the simulated frequency) in the 48°S
band during winter. In summer (48°S and 60°S
bands), autumn (60°S band) and spring (48°S
band) there is an underestimation in frequency
of blocking events, reaching a reduction of ~93%
in ~180° (from ~41% of the observed frequency
to 0.3% of the simulated frequency) in the 48°S
band during summer.

In Figure 3 we present the 500-hPa
geopotential height and the 250-hPa zonal
wind seasonal differences, between the
MIROC5 historical experiments and the climate
reanalysis. The 500-hPa geopotential height is
overestimated by the MIROC5 throughout the
Southern Hemisphere and in all seasons (Figures
3a-d), with greater differences south of 40-50°S
and in winter. The greatest 500-hPa geopotential
height variability occurs in the South Pacific in
all seasons (Figures 3e-h), with higher standard
deviations in cold seasons.

The 250-hPa zonal wind difference, between
the simulated and the climate reanalysis, shows
a weakening of the polar jet in all seasons
(Figures 3i-1), with greater differences in winter

Table I. Annual and seasonal mean (1979-2005), with respective standard deviations, of the Antarctic SIE derived
from satellite data and simulated in the 3 CMIP5 models (MIROC5, NorESM1-M and CCSM4).

Satellite MIROC5 NorESM1-M CCSM4
Annual 11.5+58 43+32 123 £50 174+ 43
Summer 4004 04 +01 57+05 1.9 =+0.7
Autumn 101+ 0.5 3.6+ 04 109 £ 04 16.3 £ 0.6
Winter 173 +0.3 7.8 £ 0.6 17.0 £ 0.4 213 £ 0.6
Spring 14.8 + 0.5 54 +0.6 15.5+0.6 203 +0.6
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and smaller differences in summer. On the other  al. 2013), the preferred atmospheric blocking
hand, there is a strengthening of the subtropical regions over the South Pacific, are relatively
jet in the north, which is more evident in winter. well simulated in all seasons (Figure 4). Despite
The highest zonal flow variability, at high this, there is an eastward shift of the maximum
levels, occurs between 20°S and 70°S in cold frequency of blocking events in the 48°S latitude
seasons (Figures 3n-0), while in warm seasons band during summer (from ~170° to ~160°W;
the maximum variability is restricted between Figure 4a), autumn (from ~175°W to ~160°W;
30°S and 60°S (Figures 3m, 3p). In winter, the Figure 4b), winter (from 165°W to 140°W; Figure
cold fronts reach lower latitudes and the polar 4c) and spring (from 165°W to 150°W; Figure
jet accompanies the displacement of these 4d), while the displacement is westward in the
systems (Escobar 2009). In this way, the polar ~ 60°S latitude band in summer (from ~155°W to
jet shows a greater asymmetry in cold seasons 160°W) and winter (from ~110°W to ~135°W). In
when compared to warm seasons (Trenberth general, the frequency of blocking events in the
1991, Escobar 2009). 48°S and 60°S latitude bands is underestimated

by the CCSM4 in all seasons, mainly in the South

Pacific. The highest differences between the
CCSM4 simulated and the climate reanalysis occur in
In the CCSM4, the AOGCMs with the highest winter, with reduction of up to 65% in ~165°W
overestimation of the Antarctic SIE (Turner et (from 6% of the climate reanalysis frequency
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Figure 2. Seasonal frequency of blocking events by longitude (%) in the ERA-Interim reanalysis (continuous lines)
and in the MIROCS historical experiment (dashed lines) during (a) summer (JFM), (b) autumn (AM)), (c) winter (JAS)
and (d) spring (OND) over 1979-2005.
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to 21% of the simulated frequency) in the 60°S the same spatial pattern of standard deviation

band. in other seasons (Figures 5e, 5g, 5h), with lower
With relation to the 500-hPa geopotential values during summer.
height difference between the simulated and the Through the 250-hPa zonal wind difference

climate reanalysis, there is a predominance of between the simulated and the climate
overestimation in all seasons and in practically reanalysis, we can detect a strengthening of the
the entire Southern Hemisphere (Figures 5a- polarjetin all seasons (Figures 5i-1), with greater
d). In the Antarctic region we can observe the differences in the South Pacific and Indian
smallest differences, especially in the autumn Oceans. On the other hand, there is a weakening
and winter, reaching underestimation in autumn ofthe subtropicaljet overAustraliain all seasons,
around 60°E and 120°W, in the Ross and extending over the South Pacific, around 40°S.
Dumont D’Urville seas, and in winter around In tropical South America, there is a weakening
60°W, on the Antarctic Peninsula and western of the subtropical jet and an apparent shift to
Weddell Sea. In terms of standard deviation of  the south. Among the seasons, winter is the
the simulated 500-hPa geopotential height, the one with the smallest differences between the
largest values are observed in autumn (Figure simulated and the climate reanalysis (Figure 5k),
5f), located in the mid- and high latitudes of the while summer and autumn are the ones with
entire Southern Hemisphere. We can observe the highest differences (Figures 5i-j). In relation

) a) JFM , b) AMJ : c) JAS ; d) OND
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Figure 3. Seasonal difference of (a, b, ¢, d) 500-hPa geopotential height (m) and (j, j, k, |) 250-hPa zonal wind (ms™)
between the MIROCS historical experiment and the ERA-Interim reanalysis and standard deviation of (e, f, g, h)
500-hPa geopotential height (m) and (m, n, o, p) 250-hPa zonal wind (ms™) from the MIROC5 historical experiment
during summer (JFM; first column), autumn (AMJ; second column), winter (JAS; third column) and spring (OND;
fourth column) over 1979-2005.
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to the standard deviation of the 250-hPa zonal
wind simulated, in summer (Figure 5m) there is
a smaller standard deviations in the Southern
Hemisphere in relation to the other seasons.
Spatially, autumn (Figure 5n) is the season with
the highest standard deviation values, mainly
over the South Pacific and Indian Oceans, in
addition to the extratropical South America. In
winter (Figure 50) the highest standard deviation
values occur in the region of the subtropical jet
in the southern South America, the Indian and
South Pacific Oceans. Finally, in spring (Figure 5p)
we can observe the highest standard deviations
in the region of the polar jet and the subtropical
jet in the South Pacific and South Atlantic, with
values of up to 18-21 ms™.

ATMOSPHERIC BLOCKINGS AND SEA ICE IN CMIP5

NorESM1-M

NorESM1-M,AOGCMthatbestrepresents Antarctic
sea ice (Turner et al. 2013), represents relatively
well the preferred regions of occurrence of the
Southern Hemisphere atmospheric blockings
(Figure 6). However, there is an eastward shift of
the maximum frequency of blocking events in
the 48°S latitude band in summer (from ~170°W
to ~150°W; Figure 6a), autumn (from ~175°W
to ~135°W ; Figure 6b), winter (from ~165°W to
~145°W: Figure 6¢) and spring (from ~165°W to
120°W; Figure 6d), while in the 60°S latitude
band the displacement is westward in autumn
(from ~95°W to ~140°W) and winter (from
~110°W to ~120°W). There is a predominance of
underestimation of the frequency of blocking
events by the NorESM1-M model in all seasons
and latitude bands, especially in summer, with
a reduction of up to 90.9% at ~170°W (from 4.4%
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of frequency in the observed for 0.4% in the is a predominance of a slight weakening of the
simulated) in the 48°S band. polar jet and a strengthening of the subtropical
The 500-hPa geopotential height difference jet in the north, in the central-west of the South
fields show a predominance of overestimation in Pacific (Figures 7). The greatest 250-hPa zonal
all seasons in the Southern Hemisphere (Figures wind variability occurs in the cold seasons
7a-d). The greatest differences are observed at (autumn and winter), with higher standard
mid-latitudes, with the most intense centers deviations between Australia and southern
in the South Atlantic (summer), Indian Ocean  South America (Figures 7n-o).
(autumn) and South Pacific (winter). The greatest
variability of the 500-hPa geopotential height ~ Atmospheric blockings during Antarctic sea ice
occurs in the South Pacific, centered at ~120°W  €xtent retraction and expansion
in the transition seasons (spring and autumn; Figure 8 shows the seasonal frequency of
Figures 7f, 7h) and at ~100°W in winter (Figure 7g). blocking events, in the 48°S latitude band, in
Between summer and winter, there is a years of SIE Antarctic retraction and expansion
strengthening of the polar jet, more intense  (1979-2005). Through the observed data (satellite
in the Indian Ocean during autumn, and a and climate reanalysis), we can observe a
weakening of the subtropical jet to the north predominance of lower frequency of blocking
(Figures 7i-k). On the other hand, in spring there events in years of SIE retraction, in relation to

. a) JFM b) AMJ OC) JAS : d) OND
. ' T e U S

0 60E 1206 180 120 6OW O 60E  120E 180 120W 6OW O 60E  120E 180 120W  6OW 60E 120E 180 120W 6OW 0

[ [
-300 -250 -200 -150 —100 -50 O 50 100 150 200 250 300

e) JFM

f) AMJ g) JAS
-30 =30 =30
_ ZZ- 2 'ZZ_‘ s .

T v ——— 1
60E  120E 180  120W  60W 0

h OND
B

)

120E 180  120W  60W

0 60E  120E 180  120W  60W 0 0 180  120W  60W 0

20 40 60 80 100 120 140 180 180 200 220

i) JFM k) AMJ k) JAS 1) OND
SZ TR, — 32 I Te—— 732 e 4
:so ¥ .C:) )'.—- = 7/- :so v : s V .

-90 -90 -90 = |
60E 120E 160 120W 6OW 60E 120E 180 120  60W 60E 120E 130 1208 60W 0 G0 120E 180 120 60W

[T T [ [T
-15 -12 -9 -6 -3 4] &) 6 9 12 15
m) JFM n) AMJ 0) JAS P) OND
-60 e & -60 _ . —— -

-90 -90 —r—= - —
0 60E  120E 180  120W  60W 0 0 60E  120E 180 120w  60W 0 0 60E  120E 180 120w  60W 0 0 60E  120E 180 120w  60W 0

0 3| B 9 12 15 18 21
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column) over 1979-2005.
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years with expansion, in summer (exception of
the Southeast and South Atlantic; Figure 8a) and
winter (Figure 8c). In transition seasons there
is an alternation between higher and lower
frequency in years of SIE retraction (Figures
8b, 8d). In autumn, in years of SIE retraction, a
higher frequency predominates in the eastern
Indian Ocean, Southwest Pacific and South
Atlantic, while a lower frequency dominates
in the western Indian Ocean, Southeastern
and central Pacific. In spring, in years of SIE
retraction, a higher frequency predominates in
the Indian Ocean and east-central Pacific, while
a lower frequency predominates in the western
Pacific and South Atlantic.

In MIROC5 (the model with the greatest
Antarctic SIE underestimation) there is a lower
frequency of blocking events in years of SIE
retraction, compared to years with expansion,

ATMOSPHERIC BLOCKINGS AND SEA ICE IN CMIP5

in summer (Southeast Pacific; Figure 8e),
autumn (central-eastern South Pacific and
South Atlantic; Figure 8f), winter (midwestern
South Pacific and eastern Indian Ocean; Figure
8g) and spring (Southwestern and Southeastern
Pacific; Figure 8h). On the other hand, a higher
frequency prevails in years of SIE retraction in
summer (midwestern South Pacific), autumn
(Southwest Pacific and Indian Ocean), winter
(Southeast Pacific and South Atlantic) and spring
(Southeast Pacific).

In CCSM4 (model with the greatest Antarctic
SIE overestimation) there is a lower frequency
of blocking events in years of SIE retraction, in
relation to years with expansion, in summer
(Southeastand Central Pacificand South Atlantic;
Figure 8i), autumn (center -western South
Pacific; Figure 8j), winter (South Pacific; Figure
8k) and spring (Southeast Pacific; Figure 8l). On
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Figure 6. Seasonal frequency of blocking events by longitude (%) in the ERA-Interim reanalysis (continuous lines)
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(JAS) and (d) spring (OND) over 1979-2005.
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the other hand, a higher frequency prevails in
years of SIE retraction in summer (midwestern
South Pacific), autumn (Southeast Pacific and
South Atlantic), winter (Southeast Pacific) and
spring (midwestern South Pacific).

In NorESM1-M (model with the best
representation of the Antarctic SIE) there is a
lower frequency of blocking event in years
of SIE retraction, in relation to the years with
expansion, in autumn (midwest of the South
Pacific and South Atlantic; Figure 8n). On the
other hand, a higher frequency prevails in years
of SIE retraction in autumn (Southeast Pacific)
and winter (South Pacific; Figure 80).

Figure 9 shows the seasonal frequency of
blocking events, in the 60°S latitude band, in
years of SIE Antarctic retraction and expansion
(1979-2005). Through the observed data (satellite

ATMOSPHERIC BLOCKINGS AND SEA ICE IN CMIP5

and climate reanalysis), we can observethatthere
is a higher frequency in years of SIE retraction, in
relation to years with expansion, in all seasons
(Figures 9a-d). This increase is greatest in the
South Pacific, being also observed in the Indian
Ocean at all seasons and in the South Atlantic at
transition seasons (Figures 9b, 9d).

Similarly, in MIROC5 (model with the greatest
Antarctic SIE underestimation) the frequency of
blocking events, in the 60°S latitude band, is
predominantly higher in years of SIE retraction in
all seasons (Figures 9e-h). The higher frequency
is observed in the South Pacific (all seasons), in
addition to the South Atlantic (between summer
and winter) and the Indian Ocean (between
autumn and spring).

In CCSM4 (the model with the greatest
Antarctic SIE overestimation) the frequency of
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Figure 7. Seasonal difference of (a, b, ¢, d) 500-hPa geopotential height (m) and (i, j, k, ) 250-hPa zonal wind (ms™)
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blocking event in the Southern Hemisphere, in
the 60°S latitude band, is also higher in years
of SIE retraction in all seasons (Figures 9i-k) ,
with the exception of spring (Figure 9l). The
higher frequency can be seen in the midwestern
South Pacific (summer), South Pacific (autumn),
Southeast Pacific (winter) and South Atlantic
(summer, autumn and winter). On the other
hand, a higher frequency prevails in years of
SIE expansion in spring, observed in the South
Pacific.

ATMOSPHERIC BLOCKINGS AND SEA ICE IN CMIP5

In NorESM1-M (model with the best
representation of the Antarctic SIE) the frequency
of blocking events, in the 60°S latitude band, is
predominantly higher in years of SIE retraction
in all seasons (Figures 9n-p), except of summer
(Figure 9m). The higher frequency occurs in
the midwestern South Pacific (autumn), South
Pacific (winter and spring) and South Atlantic
(winter and spring). On the other hand, a higher
frequency prevails in years of SIE expansion in
the summer, observed in the South Pacific.
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Figure 9. Seasonal frequency of blocking events, in the 60°S latitude band, in years of SIE Antarctic retraction (gray
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DISCUSSION AND CONCLUSIONS

This study investigated whether there are
differences in the frequency and position of
Southern Hemisphere atmospheric blockings
between CMIP5 models (MIROC5, NorESM1-M
and CCSM4) with different representations of
Antarctic SIE in historical experiments over
1979-2005. In the AOGCM with the highest
underestimation of the Antarctic SIE, MIROCS5,
there are atmospheric conditions favorable
to the occurrence of atmospheric blockings,
with a predominance of overestimation in
the simulated frequency of blocking events,

An Acad Bras Cienc (2022) 94(Suppl. 1)

especially in autumn and winter, in relation to
the ERA-Interim reanalysis. On the other hand,
in the AOGCM with the highest overestimation
of the Antarctic SIE, CCSM4, atmospheric
conditions are unfavorable to the occurrence of
atmospheric blockings, with an underestimation
in the simulated frequency of blocking events in
all seasons. The same is observed in the model
with the best representation of the Antarctic
SIE, NorESM1-M, which overestimates the SIE,
showing a predominance of underestimation of
the simulated frequency of blocking events in
all seasons and latitude bands.
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In the model with the highest
underestimation of the Antarctic SIE (MIROCS),
we observed a weakening of the polar jet and
an increase in the 500-hPa geopotential height,
more intense to south of 40-50°S, in relation
to the climate reanalysis. This possibly occurs,
because a lower SIE results in a reduction in
surface albedo and a consequent increase in
the absorption of solar radiation, which results
in an increase in the ocean surface temperature
and in the heat flows from the ocean to the
atmosphere, heating the adjacent atmosphere
(Menéndez et al. 1999, Cunningham & Bonatti
2011). Warm air is lighter than cold air, thus the
pressure surfaces rises, which can be evidenced
by the more intense increase of the 500-hPa
geopotential height to the south of 40-50°S,
reducing the meridional pressure gradients
between the mid- and high latitudes of the
Southern Hemisphere. In this way, the westerly
winds and the polar jet around the Antarctic
continent are weakened, this has also been
observed in previous studies through numerical
experiments (Raphael et al. 2011, Parise et al.
2015). The weakening of the zonal flow tends
to favor the amplification of the ridges and
troughs, which contribute to the occurrence of
atmospheric blockings (Liu et al. 2012), observed
through the overestimation of the frequency of
blocking events by the MIROCS.

On the other hand, we can observe the
relatively opposite pattern in the model with
the highest overestimation of the Antarctic SIE
(CCSM4). The polar jet is more intense, as is
the 500-hPa geopotential height, although the
latter has weaker positive differences in the
Antarctic region, reaching negative differences
in autumn and winter. A higher SIE results in an
increase in albedo and a reduction for radiation
absorbed by the surface. In this way, there is
a reduction in the ocean surface temperature
and in the heat flows between the ocean and

ATMOSPHERIC BLOCKINGS AND SEA ICE IN CMIP5

the atmosphere, contributing to the cooling of
the adjacent atmosphere (Menéndez et al. 1999,
Cunningham & Bonatti 2011) and the lowering of
the pressure surfaces, evident through the weak
positive or negative differences in the 500-hPa
geopotential height in the Antarctic region. Thus,
the meridional pressure gradients between the
mid- and high latitudes increase, strengthening
the zonal flow around the Antarctic continent,
demonstrated by the strengthening of the
polar jet. With the zonal flow strengthened, the
southern flow is hampered, making it difficult to
form atmospheric blockings, as observed by the
frequency of blocking events underestimation
in the CCSM4 simulations.

A pattern similar to CCSM4 is observed in
the AOGCM with better representation of the
Antarctic SIE (NorESM1-M), since this model is
largely based on CCSM4 (Bentsen et al. 2013), also
presenting an overestimation of the Antarctic SIE.

All models present a good representation
of the preferred atmospheric blocking regions
in the Southern Hemisphere over the South
Pacific, although they do not represent
the longitudinal location of the maximum
frequency. The assessment of atmospheric
blockings in climate models depends on the
bias in the representation of the basic state
(Scaife et al. 2010) or the variability (Barriopedro
et al. 2010, Vial & Osborn 2012). The observed
variability of the 500-hPa geopotential height
and 250-hPa zonal wind, in the MIROC5, CCSM4
and NorESM1-M, is greater especially in the cold
seasons and over the South Pacific, alternatively,
in the seasons and in the region with the highest
frequency of atmospheric blockings (Van Loon
1956, Tibaldi et al. 1994, Lejenas 1984, Trenberth
& Mo 1985, Oliveira & Ambrizzi 2016).

In the 60°S latitude band, there is a
predominance of a higher frequency of blocking
events in the Southern Hemisphere, for all
models and observed data (satellite and climate
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reanalysis) in years of SIE retraction. On the
other hand, the frequency is lower in years of SIE
expansion. In the 48°S latitude band, there is an
alternation between lower and higher frequency
of blocking events in the Southern Hemisphere
in years of SIE retraction and expansion. Thus,
there is no evident spatial pattern in the
frequency of blocking events associated with
the Antarctic SIE retraction and expansion in the
48°S latitude band. These results support the
fact that the model with the greatest Antarctic
SIE underestimation (MIROC5) has a higher
frequency of blocking events, while the model
with the greatest Antarctic SIE overestimation
(CCSM4) has a lower frequency.

In recent years, the Antarctic SIE has shown
an abrupt reduction (Parkinson 2019). If this
condition persists in the coming years, there
may be a favorable effect on the occurrence
of the Southern Hemisphere atmospheric
blockings, which are associated with extreme
weather events. Thus, the results of this
study present potential forerunners for mid-
and long-term forecasting of the Southern
Hemisphere atmospheric blockings. In addition,
these will contribute to the understanding
of the mechanisms related to atmospheric
blockings, assisting in the implementation of
more appropriate representations of the general
atmospheric circulation in large-scale models,
increasing forecasting abilities.
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