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in the winter and the combined effect of ENSO and SAM
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ABSTRACT: This study presents 53-year climatology of Southern Hemisphere (SH) blockings in the winter using
daily 500-hPa geopotential height data from NCEP–NCAR reanalysis. The variability of SH blocking events and their
relationships with combined phases of El Niño/southern oscillation (ENSO) and the southern annular mode (SAM) are
examined. Conventional indices were revised and a slightly modified index is proposed to detect latitudinal variations of
SH blockings. The South Pacific region is examined in detail. There is no statistically significant long-term trend in the SH
blockings. During moderate El Niño, the preferred location SH blocking is observed over East Pacific, and we show that
the blocking frequency increases during negative SAM phases. During moderate La Niña the SH blockings are significantly
suppressed over Central Pacific, with lower blocking frequency during positive SAM phases. These results indicate that
the daily variability of SH blocking is strongly modulated by both ENSO and SAM phases.
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1. Introduction

Blocking events often result from a strong meridional
deformation of mid-latitude flows causing the main
jet stream to be divided into two branches. They are
observed as anomalous and persistent high-pressure cen-
tre that obstructs the typical large-scale zonal flow pat-
tern. Several theories have been proposed in the last
60 years to explain the occurrence of blocking events
(Elliot and Smith, 1949; Rex, 1950b; Lejenäs and Økland,
1983; Dole, 1986; Barry and Chorley, 1992; Colucci and
Alberta, 1996). Nevertheless, the mechanisms of forma-
tion and dissipation of blocking events need to be further
understood. These mechanisms appear to involve nonlin-
ear interactions between the transient eddies and the sea-
sonal mean circulation that depend on the teleconnection
patterns (Kalnay-Rivas and Merkine, 1981; Frederiksen,
1982; Shutts, 1983; Blackmon et al., 1986; Mullen, 1987;
Lupo, 1997; Renwick, 1998; Nascimento and Ambrizzi,
2002).

Early studies have used subjective techniques to detect
blockings in the Southern Hemisphere (SH) based on
kinetic properties of the blocking flow structure on sur-
face and mid-troposphere (Van Loon, 1956; Wright,

* Correspondence to: 1◦ District of Meteorology, National Institute of
Meteorology, Avenida Mario Ypiranga, 1041, Manaus, AM 69057-001,
Brazil. E-mail: flavio.natal@inmet.gov.br

1974; Casarin, 1983). Following this criterion, a blocking
structure can be identified by the split of the jet into sub-
tropical and polar branches in the mid-troposphere and by
the quasi-stationary structure. According to these meth-
ods, blocking events should last at least 6 days. Recent
and more objective methods have modified these crite-
ria by considering shorter lifetimes and new extensions
(e.g. Tibaldi et al., 1994, hereafter T94; Sinclair, 1996;
Berrisford et al., 2006). These objective methods have
been proposed in the late 1970s and focused primarily
on the Northern Hemisphere (NH) (Charney et al., 1981;
Dole and Gordon, 1983; Dole, 1986) where blockings
are detected as persistent positive height anomalies in
the mid-troposheric flow.

For the SH, the first combined technique (subjec-
tive and objective) was originally proposed by Lejenäs
(1984), in which the criterion derived from the kinetic
properties of the flow was quantified using the well-
established concept of the zonal index (Namias, 1947).
For instance, for a certain longitude to be blocked,
Lejenäs (1984) required easterly latitudinal zonal wind
average. In other words, the height difference between
35o and 55oS should be less than zero, that is:

Z (λ)φN
− Z (λ)φS

< 0 (1)

where Z and λ, are 500-hPa geopotential height and
longitude, respectively. φN and φS are constant latitudes
at 35◦S and 55◦S. This index is proportional to the zonal
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geostrophic wind component and provides a measure of
the zonal flow intensity for each longitude. Only a decade
later, T94 found that cold cutoff lows anomalously
displaced toward polar latitudes could also result in
negative values in the basic criterion of Lejenäs (1984).
To solve this problem, T94 proposed a slightly modified
version of Lejenäs (1984), as follows: (1) they added
two values of 500-hPa geopotential height gradient (that
is essentially equivalent to the condition 1 alone) and
(2) they added a negative geopotential height gradient
southward of 50◦S, in order to exclude non-blocked
longitudes, according to Equation (2):

[Z (λ, φ0 − �φ) − Z (λ, φ0)]

[(φ0 − �φ) − (φ0)]
< −10 gpm (2)

where Z , λ and φ0 are 500-hPa height geopotential,
longitude and the central constant latitude at 50◦S,
respectively. Different from Lejenäs (1984), φ0 − �φ

allows for some variation on the latitude. Some versions
of the T94 method have been largely used in several
other studies to detect blocking events (e.g. Trigo et al.,
2004; Barriopedro et al., 2006; Damião et al., 2008;
Matsueda et al., 2010; Oliveira, 2011). Similarly, this
study is based on the T94 method. A few other objective
techniques have been proposed, such as those based on
the difference of potential temperature in the dynamic
tropopause known as the PV-θ blocking index (Hoskins
et al., 1985) or automated procedures for locating and
tracking of high-pressure centres (e.g. Sinclair, 1996).

There has been some consensus among several studies
focusing on the SH: (1) SH blockings are concentrated
in the South Pacific with maximum frequency during
the winter and peaks in the west and east Pacific
(Sinclair, 1996; Berrisford et al., 2006); (2) blockings are
usually located at lower latitudes and are less frequent
comparatively to the NH blockings (e.g. Tibaldi et al.,
1994), and (3) the existence of intense westerly winds
in the mid and high troposphere significantly reduces
the SH blocking duration (e.g. Trenberth and Mo, 1985;
Berrisford et al., 2006). Moreover, some studies have
found a new region with high frequency of blocking over
Southeast Pacific (e.g. Rutllant and Fuenzalida, 1991;
Sinclair, 1996).

Furthermore, a few previous studies have examined the
relationships between SH blocking and El Niño/southern
oscillation (ENSO) (Rutllant and Fuenzalida, 1991; Ren-
wick, 1998; Marques and Rao, 2000; Wiedenmann et al.,
2002). They found a relatively higher frequency of SH
blocking events over Southeast Pacific during El Niño
years. Also, they described the main characteristics of
the SH blocking events in terms of frequency, dura-
tion and preferred regions. However, some of them were
limited to small datasets (e.g. Rutllant and Fuenzalida,
1991), focused on specific cases (Marques and Rao,
2000), examined the South Pacific as a single sector (e.g.
Wiedenmann et al., 2002) and some did not compare the
opposite ENSO phases against neutral phases (e.g. Ren-
wick, 1998). Finally, no previous study has investigated
in detail the relationships between blockings stratified

into ENSO categories or used a dataset longer than
30 years. Nevertheless, according to previous results, the
high-frequency dynamics accounts for more than 75% of
the observed amplification for the North Pacific blockings
(e.g. Nakamura et al., 1997), showing that this relation-
ship between ENSO and SH blockings requires a more
detailed investigation.

Southern annular mode (SAM) is considered the main
mode of variability of the extratropics of the SH (Gong
and Wang, 1999; Thompson and Wallace, 2000), and
is related to the extratropical storm tracks and jet
stream variability (e.g. Hartmann and Lo, 1988; Limpa-
suvan and Hartmann, 2000). Therefore, it is reasonable
to hypothesize that SAM plays a significant role in
modulating the SH blocking variability. For instance,
Carvalho et al. (2005) have shown the importance of
tropical–extratropical interactions for variations of the
SAM and the respective changes in the upper level cir-
culation. Fogt et al. (2010) showed that teleconnections
in the Southern Pacific are strengthened depending on the
phase combination between ENSO and SAM. Thus, this
study will further explore how ENSO and SAM phases
modulate blockings in the SH.

The main goal of this article is to provide a new
climatology of SH blockings during the winter and their
interannual variability. A slightly modified version of
T94 index is proposed to investigate SH blockings in
extratropical regions and we divide the Pacific Ocean into
several sectors. In addition, we examine the spatial and
temporal variability of these events and relationships with
the ENSO according to the episode’s intensity and with
respect to SAM.

This article is organized as follows. Section 2 presents
datasets and discusses the blocking index used in this
analysis. Section 3 presents a comparison with a stan-
dard blocking index. Section 4 presents the climatology
of SH blockings with focus on their variability during
ENSO phases. Section 5 investigates trends in SH block-
ing events. Section 6 discusses and explores the combined
influence of SAM and ENSO on the interannual vari-
ability of SH blockings. Conclusions are presented in
Section 7.

2. Data and methodology

This study uses 53-years (1958–2010) of daily mean
500-hPa geopotential height (H500, 2.5 × 2.5◦ spatial
resolution) from the National Center of Environmental
Prediction–National Center for Atmospheric Research
(NCEP/NCAR) reanalysis (Kalnay et al., 1996; Kistler
et al., 2001).

Although the NCEP–NCAR reanalysis begins in
1948 and extends until the present, caution should be
exerted when interpreting long-term trends in upper air
variables, in particular in the SH. For instance, according
to Kistler et al. (2001) the NCEP–NCAR reanalyses
are less reliable between 1949 and 1957 due to the
scarce number of upper-air data observations in the SH.

 2013 The Authors. International Journal of Climatology published by John Wiley & Sons Ltd Int. J. Climatol. 34: 1676–1692 (2014)
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After 1957, a modern rawinsonde network was
established, primarily in the NH, and in 1979 the modern
satellite era began. According to Hines et al. (2000),
these changes could result in jumps and long-term
trends when using NCEP–NCAR reanalysis from the
beginning of the reanalysis until the present date.

To investigate these issues further and how they have
affected H500 in the SH, we examined the seasonal mean
of H500 in two regions: mid-latitudes (35◦S–50◦S) and
mid-high latitudes (55◦S–70◦S) and over two longitudes
180◦ and 130◦W. As we will discuss in the following
sections, these regions were chosen due to the non-
stationary behaviour of the frequency of blockings. To
perform these analyses we used the method to detect
change points in climatic regimes developed by Rodionov
(2006). The method is based on a sequential data
processing technique which tests differences in the mean
between two data segments of length L. Using L = 10
(equivalent to 10 seasons) and significance of 5% the
method indicates a change point in 1957 over mid-
latitudes, which coincides with the period when the
modern rawinsonde network began (Figure 1(c)). This
regime extends until 1974. In mid-high latitudes, we
observed a change point in 1967 and 1986 (Figure 7(d)).
There was no change point in H500 detected with the
Rodionov (2006) method at the date line (Figure 1(a)).
Interestingly, there was no change point separating the
period before and after the beginning of the satellite
era (1979) in all regions examined with the Rodionov
(2006) method. It is important to emphasize that change
points are not necessarily related to data quality; climatic
regime shifts have been associated with modes that vary
on decadal to multi-decadal time scales such as the Pacific
Decadal Oscillation (Rodionov, 2006; Carvalho et al.,
2011). Based on these results this study investigates the
climatology of blockings using NCEP–NCAR reanalysis
after 1957, when a well-known change in observational
network has been documented (Kistler et al., 2001).

2.1. Blocking index

The blocking index B (λ) used here is a slightly modified
version of T94 adapted to the relatively higher horizon-
tal resolution of NCEP–NCAR reanalysis (2.5 × 2.5◦,
instead of 3.75 × 3.75◦ used by T94) and stratified in
three latitude bands (see below). For instance, according
to T94 method, two H500 gradients GHGS and GHGN
should be calculated simultaneously for every longitude
(λ) at each one of the three reference latitudes, as follows:

GHGN = Z (λ, φ0) − Z (λ, φN)

φ0 − φN
< 0 (3a)

GHGS = Z (λ, φS) − Z (λ, φ0)

φS − φ0
< 0 − 10m/

◦lat (3b)

where φN = 35◦S + �, φ0 = 50◦S + �, φS

= 65◦S + � and � = 0, ± 5 (to allow some varia-
tion northward and southward direction from each
reference latitude). The condition 3b is identical to

Equation (2). Other authors (e.g. Trigo et al., 2004; Bar-
riopedro et al., 2006) have performed similar procedure;
however, here we computed separately the blocking
index at low-latitudes [φl ], mid-latitudes [φm ] and
high-latitudes [φh ] for every longitude (λ), as follows:


GHGN (λ, φl ) = Z (λ,φl )−Z

(
λ,φ30◦S

)
φl −φ30◦S

GHGN (λ, φm) = Z (λ,φm )−Z (λ,φN)
φm−φN

GHGN (λ, φh) = Z (λ,φh )−Z
(
λ,φ40◦S

)
φh−φ40◦S

(4a)




GHGS (λ, φl ) = Z
(
λ,φ60◦

)
−Z (λ,φl )

φ60◦−φl

GHGS (λ, φm) = Z (λ,φS )−Z (λ,φm )

φS −φm

GHGS (λ, φh) = Z
(
λ,φ70◦S

)
−Z (λ,φh )

φ70◦S −φh

(4b)

where φl = 45◦S, φm = 50◦S + �, φh = 55◦S, φN =
30◦S + �, φS = 65◦S + � and � = 0, ± 2.5 (to allow
some variation for the reference latitude at mid-latitudes).

Also, the total range of latitudes is computed tak-
ing into account only GHGN(λ,φm ) and GHGS(λ,φm ),
basically by setting � = 0, ±2.5, or ±5. This approach
provides a measure for the total number of blocked lon-
gitudes. Here, � is called delta range and is used to
allow some latitudinal variation around the reference
latitudes. There are three (five) values of � for detec-
tions at mid-latitudes (total range of latitudes), whereas
at mid-low and mid-high latitudes belt the method does
not allow variations in latitude. Thus, the mid-low and
mid-high reference latitudes are always constant. GHGN
can be interpreted as the geopotential height gradi-
ent or the blocking strength in meters per degree of
latitude. GHGS is the geopotential height gradient at
high-latitudes, a condition imposed by T94 to ensure
the exclusion of non-blocked longitudes, as discussed
in Section 1. Thus, a given longitude (λ) is considered
blocked when both GHGN and GHGS verify simultane-
ously the condition expressed by Equation (5) for a least
one range of �.

B (λ) = GHGN > 0, if GHGS < −10 gpm/
◦lat. (5)

Moreover, the procedure incorporates five � values
instead of the three proposed by T94. Barriopedro et al.
(2006) suggested that the use of five � values detect more
blocked longitudes than the three � values proposed
by T94. Therefore, the five � values and higher hori-
zontal grid resolution (2.5 × 2.5) in this study represent
improvements to the standard method of T94. Table 1
summarizes the boundaries of these latitudinal belts. Note
that the latitudinal range between mid-low and mid-high
bands is about 10◦, a reasonable range to detect synoptic
systems (>1000 km). The advantage of the method pro-
posed here, which examines three reference latitudes, is
to obtain a more realistic climatology of blocked longi-
tudes varying between low and high latitudes, as well as
the frequency, preferred locations and the timescale of
blocking events.

 2013 The Authors. International Journal of Climatology published by John Wiley & Sons Ltd Int. J. Climatol. 34: 1676–1692 (2014)
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Figure 1. Mean fields of 500-hPa geopotential height (solid lines) with a stepwise trend (squared lines) for 180◦ of longitude at (a) mid-latitudes
(35◦S–50◦S) and (b) mid-high latitudes (55◦S–70◦S) and for 135◦ of longitude at (c) mid-latitudes (35◦S–50◦S) and (d) mid-high latitudes

(55◦S–70◦S) from the period 1950 to 2010.

Table 1. Reference latitudes properties of blocking index.

Reference latitudes Number of
delta ranges

Latitudinal
boundaries

Mid-low (λ,φl), φl = 45◦S 1 30.0◦S–45.0◦S
Mid-low (λ,φm), φm = 50◦S 3 32.5◦S–52.5◦S
Mid-high (λ,φh), φh = 55◦S 1 40.0◦S–55.0◦S
Total range 5 30.0◦S–55.0◦S

The criterion discussed in Equation (5) does not take
into account the longitudinal extent and the timescale.
Here, we consider a ‘blocking event’ when the con-
tiguous blocked longitude extends at least 15◦, includ-
ing the longitude λ. Note that the minimum spatial
extent required in this criterion corresponds to about
1200 and 1100 km at φE and φP, respectively and these
values are greater than the Rossby radius of deforma-
tion. Also, we used a timescale of 3 days to define
a blocking event, following Sinclair (1996) and Mar-
ques and Rao (1998). As discussed in Section 4, the
timescale of 3 or 4 days is more appropriate for the
SH than 5 days commonly used in previous stud-
ies (Tibaldi et al., 1994; Renwick, 1998, Wiedenmann

et al., 2002). Since thresholds are somewhat arbitrary,
if in a sequence of n days the criterion fails in one day
but is fulfilled in the next day(s) we assume the dura-
tion of the event to be the total number of n days in the
sequence, including the day when the criterion failed. In
other words, one event is considered independent from
another if they are at least 2 or more days apart.

2.2. Sectors of occurrence of blocking events

Previous studies have shown that blocked longitudes are
more frequent in some specific regions in the SH (Van
Loon, 1956; Lejenäs, 1984; Tibaldi et al., 1994; Sinclair,
1996; Marques, 1996). However, these blockings may
not be completely stationary and may experience some
small zonal and meridional displacement. In this study,
to properly address the spatial variability of blocked
longitudes and blocking events, the South Pacific Ocean
was divided into five sectors: East Indian (EIN), West
Pacific (WPA), Central Pacific (CPA), East Pacific (EPA)
and West Atlantic (WAT). The sectors WPA, CPA and
EPA are examined in detail. Table 2 summarizes the
longitudinal extent of the sectors considered in this
study and the reasons for this separation are clarified in
Section 4.

 2013 The Authors. International Journal of Climatology published by John Wiley & Sons Ltd Int. J. Climatol. 34: 1676–1692 (2014)
on behalf of the Royal Meteorological Society.
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(a) (b)

Figure 2. Hovmöller diagrams (longitude-time) of the strength of the blocking flows (m/o latitude) and their respective frequencies per longitude
for the austral winter of 1986: (a) T94 scheme; (b) mid-latitude (solid lines) and mid-high (dotted lines) latitude references of blocking index

(see text for further details).

Table 2. Sectors of blocking events, acronyms and longitudinal
boundaries.

Sector Acronym Longitudinal boundaries

East Indian EIN 090.0◦E–127.5◦E
West Pacific WPA 130.0◦E–180.0◦S
Central Pacific CPA 177.5◦E–120.0◦E
East Pacific EPA 117.5◦E–80.0◦E
West Atlantic WAT 077.5◦E–40.0◦E

3. Comparison with the T94 blocking index

A few previous studies using a modified T94 version
have used a Hovmöller diagram to show the performance
of the blocking index. However, these studies did not
properly address whether the northern geopotential gra-
dient (GHGN) in a Hovmöller diagram represents the
maximum or the average gradient within a range of lat-
itudes. Since the main purpose of our index is to show
how blocking events vary in latitude, we adopted the
‘averaged’ GHGN over mid-latitudes. For instance, if a
blocking event only occurs at high latitudes, the averaged
GHGN will be weak or less than zero at the lowest lati-
tudes, whereas the GHGN will be strong at high latitudes.
Thus, the preferred latitude will appear in a Hovmöller
diagram.

The well-documented winter of 1986 (Marques and
Rao, 2001) was used here to exemplify the application of
the method at each reference latitude and to compare with
T94 index. Figure 2(a) shows the averaged GHGN of T94
index across the three �s from 30◦ to 55◦S, as computed
at http://www.cpc.nceop.noaa.gov/products/. Figure 2(b)
(right) shows our index with the averaged GHGN over
mid-latitudes across the three �’s (from 32.5◦ to 52.5◦S)
and the GHGN over mid-high latitudes across one �

(from 40◦S to 55◦S). We did not find any new blocking
event along the longitude-time grid. Therefore, it does not
make sense to show GHGN at low-latitudes. The respec-
tive frequency of blocking flows, according to the crite-
rion of Equation (5), is shown at the bottom of each panel
of Figure 2. In mid-latitudes, the blocked longitudes in
the longitude–time diagram (solid line, Figure 2(b)) seem
similar to those shown with the T94 index (Figure 2(a)).
However, the frequencies of blocked longitudes at mid-
latitudes agree with the blocked longitudes shown in the
Hovmöller diagram (Figure 2(b)), whereas the frequency
obtained with T94 overestimates the detection as shown
in the Hovmöller (Figure 2(a)). In reality, the problem
is not the frequency measured with the T94 index, but
the fact that the events in the Hovmöller exhibit average
values of GHGN around zero between 180◦ and 120◦W,
likely due to the presence of stationary blocking events
over higher latitudes. We notice that blocking events at
high latitudes (Figure 2(b), dotted line) can be observed
in Hovmöller diagrams when they are separately com-
puted. For instance, during the winter of 1986 there were
two long-living blocking events that lasted for about 17
days (from June 20 to July 8, 1986 - hereafter, e1) and 21
days (from July 24 to August 18, 1986 - hereafter, e2),
both appear in Figure 2. The event e1 exhibited a dipole
structure at high latitudes with an intense cutoff low equa-
torward of the blocking ridge (Figure 3(a)). The event e2
exhibited an amplified blocking ridge varying between a
dipole and omega blocking types (Figure 3(b)) as indi-
cated by a sequence of synoptic charts (not shown). Both
events exhibited similar longitudinal extent of about 40◦.
The modified method proposed here seems more efficient
in detecting the correct blocking strength as well as the
spatial–temporal pattern of blockings.

 2013 The Authors. International Journal of Climatology published by John Wiley & Sons Ltd Int. J. Climatol. 34: 1676–1692 (2014)
on behalf of the Royal Meteorological Society.
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Figure 3. Geopotential height at 500 hPa for (a) the events e1 (20 June–08 July 1986) and (b) e2 (24 July–18 August 1986).
Unit: [gpm].

Table 3. Classification of ENSO winters according to the Oceanic Niño Index from 1958 to 2010.

El Niño/Southern oscillation

El Niño La Niña

Weak Moderate Strong Weak Moderate Strong Neutral

1969/1976/1977 1958/1963/1965 1972/1982/1997 1962/1983/1995 1964/1970/1971 1973/1988 1959/1960/1961
1992/2004 1986/1987/1991 3 Winters 3 Winters 1974/1975/1984 2 winters 1966/1967/1968
5 winters 1994/2002/2006 1985/1998/1999 1978/1979/1980

2009 2000/2007/2010 1981/1989/1990
10 Winters 12 Winters 1993/1996/2001

2003/2005/2008
18 Winters 17 Winters 18 Winters

4. Inter-annual variability of blockings and ENSO

To identify ENSO episodes during the SH winter we
used the Oceanic Niño Index (ONI) – version 3b of the
extended reconstructed sea surface temperature (ERSST)
dataset (Smith et al., 2008). Additional information
about this dataset can be accessed at http://www.ncdc.
noaa.gov/ersst/. This method investigates 3-month run-
ning mean of sea surface temperature (SST) anomalies
in the Niño 3.4 region (5◦N–5◦S, 120◦ –170◦W). More-
over, to identify the ENSO phase (El Niño – EN, La
Niña – LN or Neutral – NT), we considered a threshold
of ±0.5 ◦C with a minimum of five consecutive overlap-
ping seasons throughout the year. Thus, we considered
the occurrence of an ENSO episode during winter when a
particular ENSO phase started or was already active dur-
ing the wintertime and persisted according to the criterion
discussed above. The episodes were divided into weak
(0.5–0.9 ◦C), moderate (1.0–1.8 ◦C), strong (≥1.9 ◦C) or
neutral (when the SST anomaly is between ±0.5 ◦C).
Table 3 shows the ENSO classification of the winters
from 1958 to 2010. According to these criteria, there
are 18 winters with NT conditions, 18 winters with EN
(divided into: 5 weak, 10 moderate and 3 strong) and 17
winters with LN (divided into: 3 weak, 12 moderate and
2 strong). We classified blocking activity based on the
ENSO categories of Table 1.

4.1. Timescale for blocking event in the SH

One of the goals of this study is to provide a compre-
hensive analysis of the long-term climatology of the SH
blocking events during the austral winter. To do so, it is
important to identify the minimum timescale for block-
ings in the SH. According to Trenberth and Mo (1985),
the relatively stronger westerly winds in the mid and high
troposphere of the SH result in shorter duration of block-
ings in SH comparatively to the NH. Thus, to find the
minimum timescale of blocking events we used a method
similar to that proposed by Pelly and Hoskins (2003).
This timescale can be interpreted as the typical minimum
time scale for the weakening of the blocking structure.
Thus, a large proportion of events that reached this min-
imum timescale, may last at least another day.

Figure 4 shows the total number of blocked longitudes
lasting at least 1 d plotted on a logarithmic scale base
e, during the entire period for a given longitude and at
mid to mid-low latitudes and mid to mid-high latitudes.
It is noticeable that blocking events tend to persist
more over latitudes poleward of the reference latitude
(up to 22 days) than over latitudes equatorward of the
reference latitude (up to 16 days). A linear regression
fit was adjusted and the linear slopes were calculated.
The minimum timescale is considered the inverse of
the negative slope. These results indicate that blocking
events have a minimum timescale of 2.8 days at mid
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Figure 4. Natural logarithm scale of the total number of contiguous blocked longitudes from 1958 to 2010 during wintertime and lasting at least
1 d over a certain longitude in the mid to mid-low (solid line) and mid to mid-high latitudes (dashed line). Linear regressions are indicated as

dot points.

Table 4. Descriptive statistics for identified blocking events for each sector of blocking and throughout the Southern Hemisphere
separated according to ENSO categories.

ENSO condition Number of winters West Pacific Central Pacific

Events Days Lifetime Events Days Lifetime

Total Avg. Avg. Diff. Avg. Med. Total Avg. Avg. Diff. Avg. Med.

Weak em 5 * * * * * * * * * * * *
Moderate EN 10 34.00 3.40 16.90 −2.71 4.97 5.00 41.00 4.10 25.00 5.17 6.10 5.00
Strong em 3 * * * * * * * * * * * *
Weak LN 3 * * * * * * * * * * * *
Moderate LN 12 42.00 3.50 16.17 −3.44 4.62 4.00 33.00 2.75 15.00 −4.83 5.45 5.00
Strong LN 2 * * * * * * * * * * * *
Neutral 18 75.00 4.17 19.61 4.71 4.00 63.00 3.50 19.83 5.67 5.00

East Pacific Southern Hemisphere

Events Days Lifetime Events Days Lifetime

Total Avg. Avg. Diff. Avg. Med. Total Avg. Avg. Diff. Avg. Med.

Weak em 5 * * * * * * * * * * * *
Moderate EN 10 30.00 3.00 17.20 6.64 5.73 5.00 122.00 12.20 66.30 10.08 5.60 5.00
Strong em 3 * * * * * * * * * * * *
Weak LN 3 * * * * * * * * * * * *
Moderate LN 12 22.00 1.83 7.92 −2.64 4.32 4.00 123.00 10.25 47.25 −8.97 4.80 4.00
Strong LN 2 * * * * * * * * * * * *
Neutral 18 40.00 2.22 10.56 4.75 4.00 211.00 11.72 56.22 5.04 4.00

The following statistics are displayed: ‘number of events’ (total—‘Tot’ and average—‘Avg’); ‘days with events’ (average—‘Avg’—and average
differences—‘Diff’) and the ‘lifetime of events’ (average—‘Avg’—and median—‘Med’). Underlined values indicate when the differences between
EN and LN are statistically significant at p-value 0.05 or less. Significant differences from NT winters at p-value of 0.05 (0.1) or less are indicated
in italics.

to mid-low latitudes and 2.2 days at mid to mid-high
latitudes, in accordance with others (e.g. Berrisford et al.,
2006). More importantly, these results evidence that the
time-scale of blocking events depend strongly on the
latitude. Therefore, a minimum timescale of 3 days seems
reasonable to represent the mature stage of a blocking
event in the SH. Nonetheless, it is important to emphasize
that a large proportion of events can last from days up to
weeks.

Moreover, we expect atmospheric blocking events
to be more persistent than mid-latitudes cyclones. For
example, Simmonds and Keay (2000) showed that the
average lifetime of mid-latitude cyclones in the SH is
about of 2.92 days, but 40% of the cyclones considered
in their study lasted less than 2 days. Here, all blocking
events lasting at least 3 days have an average lifetime
of 4 (5) days at mid to mid-low (high) latitudes (see
Table 4).
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Figure 5. Frequency of blocked longitudes separated according to the mid-low, mid-, mid-high latitudes and for the total range of the latitudes
during NT winter. Dotted line shows mid-low latitudes. Dashed line shows mid-latitudes. Dot-dashed line shows mid-high latitudes and thick

solid line shows the total range.

4.2. Characteristics of winter blocking events

On the basis of 53 austral winters, we found a total
of 3268 days with blocked longitudes and 584 blocking
events lasting at least 3 days, an average of 9.9 events per
winter. About 211 of these events were detected during
NT winters, 210 during EN winters and 163 during LN
winters. Also, about 13% (7%) of these days occurred
simultaneously over WPA and EPA (EIN and CPA).
Figure 5 displays the frequency of blocked longitudes
distributed along the longitudes and according to the
reference latitudes of the blocking index during the whole
period, and separated by zonal bands. The total range of
latitudes (Figure 5, bold lines) suggests that a maximum
frequency was observed in a narrow region between
140◦E and 180◦, named here as WPA sector. In this
sector, the SH blockings were detected primarily over
mid-latitudes (32.5◦S to 52.5◦S) (Figure 5, solid thin-
lines). Following this, an extensive area with similar
frequency was located between 180◦ and 120◦E, named
here as CPA. The sum of these two regions was named
by T94 as the Australian-New Zealand region. However,
according to Figure 5, it seems obvious that SH blockings
may occur well beyond New Zealand over the Central
Pacific. There is a third region between 120◦E and 80◦E
detected for the first time by Rutllant and Fuenzalida
(1991) and later confirmed by Sinclair (1996), where
blocking events are distinguished by their predominant
location over mid-high latitudes (40◦S to 55◦S) (Figure 5,
dashed lines). Other regions, such as East Indian and West
Atlantic Ocean will not be discussed in detail, because
they represent events that are not significant at p-value
of 0.05 or less. The high frequency of blocking events
at mid-high latitudes eastward of 150◦E seems related to

the propagation of large-scale wave trains from Australia
to high latitudes and around Southern South America
following a typical arc-like route that has been largely
documented (e.g. Karoly, 1989; Ambrizzi et al., 1995;
Renwick and Revell, 1999; Nascimento and Ambrizzi,
2002).

Additionally, all events lasting at least 3 days had a
median (average) lifetime of about 5 (5.7) days over the
CPA sector, whereas a median (average) of about 4 (4.7)
days was found over WPA and EPA sectors. This result
is consistent with Sinclair (1996), who analysed a short
period of 10 years and used a different criterion to identify
blocking events (lasting at least 2 days) and found an
annual average lifetime of about 5 days.

4.3. Blocking activity during ENSO phases

To examine changes in the blocking events according
to ENSO variability we compared the frequency of
blocked longitudes during opposite ENSO phases against
NT conditions. To assess the statistical significance
for the difference in frequency, location, number of
events and duration, a z -score two-tail test was used.
Differences were considered significant at p ≤ 0.05 and
≤0.10 significance levels. The z -score was defined by
Equations (6 and 7):

z (λ) = 2.

{(
pw/c − pn

)
SE

}
(6)

The z -score of Equation (6) was computed for each
‘longitude point’, where, pw /c is the proportion of blocked
longitudes for EN (w ) or LN (c) winters, pn is the
proportion of blocked longitudes for NT winters and SE
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Figure 6. Frequency of blocked longitudes during wintertime according to weak (dotted line), moderate (dashed line) and strong (solid line)
categories of ENSO at mid-latitudes (upper row) and mid-high latitudes (bottom row), respectively. EN and LN winters are shown in the left

and right columns, respectively. NT winters are shown as black thick-lines with one standard deviation (grey bars) for comparison.

is the standard error. All proportions are expressed in
percentage and computed for each longitude point.

z = 2.

{ (
Nn .Nw/c

)
Nn + Nw/c

· (Rn − Rw/c
)}

. (7)

The z -score of Equation (7) was computed for each
‘sector of blocking’, where Nn(N w /c) is the total number
of blocking events during NT (EN or LN) winters;
Rn(Rw /c) is the proportion p/p ′, where p is the total num-
ber of blocking events above the common median and
p ′ is the total number of blocking events during NT (EN
or LN) winters. The common median is defined as the
median obtained by combining NT with EN/LN winters.

Figure 6 displays the blocked longitudes at mid-
latitudes (Figure 7, upper row) and mid-high latitudes
(Figure 7, bottom row), respectively, during the SH win-
ter separated according to weak (dotted line), moderate
(dashed line) and strong (solid thin-line) category of
ENSO winters. EN and LN winters are shown in the left
and right columns, respectively. NT winters are shown as
black thick-lines for comparison with each other. Grey
thin-bars indicate the significant longitudinal extent at
p-value of 0.05 or less.

As shown in Figure 6 (left column), large differences
in the frequency and preferred locations of blocked
longitudes exist among ENSO categories. For instance,

weak EN shows a relative increase (decrease) in mid-
latitudes for blocked longitudes in relation to NT over
the CPA (WPA) sector (Figure 6(a)), but the frequency
is similar to the NT winters over mid-high latitudes
(Figure 6(c)). However, during moderate to strong EN
winters, and in particular during moderate EN, there is no
increase in frequency at mid-latitudes; however, blocking
frequency over mid-high latitudes shifted eastward over
120◦W (Figure 6(c); p < 0.05) indicating a preference for
high-latitude blockings.

On the other hand, a significant decrease (p < 0.05)
(Figure 6, right column) in the frequency of blocked
longitudes was observed across de entire CPA sector
(Figure 6(b)), mainly at mid-high latitudes (Figure 6(d))
and during all categories of LN winters (only moderate
LN winters are statistically significant). This can be
due to the dynamical interactions between ENSO and
SAM and is discussed in Section 6. Interestingly, weak
and strong LN, although not statistically significant,
show similar enhanced frequency over the EPA sector,
compared with those found during moderate to strong
EN categories. However, the small sample size of these
extreme categories limits the statistical significance of
these results.

Figure 7 shows blocked longitudes detected consider-
ing the total range of latitudes (upper panel) during EN
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Figure 7. Frequency of blocked longitudes detected on the total range of latitudes (upper panel) during EN (dashed line) and LN (dotted line)
winters without taking into account the categories of ENSO. NT winters are shown as a solid line. Frequency differences relatively to NT winters

are shown for EN (middle) and LN (bottom) with z -score two-tailed tests at p-value of 0.05 or less (bold lines).

(dashed line) and LN (dotted line) winters without taking
into account ENSO categories. NT winters are shown as
a solid line. Frequency differences in relation to NT win-
ters are shown in the Figure 7 for EN (Figure 7, middle)
and for LN (Figure 7, bottom) with z -score two-tailed
test at p < 0.05 (bold lines) according to Equation (5).
As previously discussed, the EN phenomenon changes
the preferred locations of blocked longitudes towards the
EPA sectors (Figure 7, middle panel – bold line) in accor-
dance with others (e.g. Renwick 1998). On the other
hand, the LN phenomenon suppresses blocked longitudes
over the eastern portion of the WPA sector and across the
entire CPA sectors (Figure 7, bottom panel – bold line).
These results cannot be properly compared with Ren-
wick (1998), because the author has compared EN years
against non-EN years (NT + LN). Here, we showed that
the frequency of SH blockings during NT winters are
statistically different from LN winters across the South
Pacific, except over the EPA sector (Figure 7).

Table 4 provides additional information on the statisti-
cal properties of blockings, focusing on events lasting 3
days or more over the South Pacific during wintertime.
The following properties of SH blockings are shown:
‘number of events’ expressed as total and average; ‘days
with events’ in terms of average and average differences
and the ‘lifetime of events’ in terms of average and

median. EIN and WAT sectors were not shown because
they are not significant at p-value of 0.05 or less. The
observed values for the NT winters are shown at the
bottom of the table for comparison with the opposite
ENSO phases. Significant differences from NT winters
at p-value of 0.05 (0.1) or less are indicated in italics.
Also, ‘underlined’ values indicate when the differences
between EN and LN are statistically significant at p-value
0.05 or less. Weak and strong categories are not shown.

The results of Table 4 confirm that during moderate
EN winters there is a significant (p ≤ 0.05) enhancement
in the number of days with blocking events over the
eastern portion of the CPA and EPA. This result is
consistent with Rutllant and Fuenzalida (1991) and
Renwick (1998), regardless of their methodologies.
However, differently from other authors (e.g. Renwick,
1998; Marques and Rao, 2000; Wiedenmann et al.,
2002), we find significant differences during winter.
In addition, it is also observed during moderate EN a
slightly statistically significant suppression over WPA in
accordance to Renwick (1998). Regarding blocking life-
time, there is indication that blocking events in the EPA
sector during moderate EN winters increases in about 1 d
(p < 0.05) the median lifetime in relation to both NT and
LN winters, suggesting more extreme events over this
sector. This is likely due to an increase in high-latitude
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Figure 8. Statistical distribution of number of blocking events during wintertime over the East Indian (a), West Pacific (b), Central Pacific (c),
East Pacific (d) and West Atlantic oceans (e). Linear trends are indicated (dotted line).

blockings over the EPA sector. On the other hand,
during moderate LN winter, the total number of days of
a blocking event significantly decreases across the SH,
which is more evident over the entire CPA sector. More-
over, we found no significant differences in the number
of blocking events in relation to NT winter climatology.
These results show only a significant (p ≤ 0.05) large
variability in the number of days with blocking events
across the South Pacific sectors, also between the
opposite moderate ENSO phases (underlined).

Finally, in previous studies, the blocking activities in
the South Pacific regions during opposite ENSO phases
were not properly compared with NT winters. Here, we
show that NT winters are statistically different from
opposite ENSO phases. In general, our results show a
good agreement with others (e.g. Rutllant and Fuenzalida,
1991; Sinclair, 1996; Renwick, 1998; Marques and Rao,
2000; Wiedenmann et al., 2002), except that this study
provides much more information about the statistical
properties of SH blocking events during wintertime. In
Section 6, we will discuss the joint influence of ENSO
and SAM on the variability of the number of days with
blocking events.

5. Trends in blockings

This section investigates trends in blocking events from
1958 to 2010 defined according to the criteria discussed
in Section 2. Figure 8 shows the distribution of number
of blocking events during the winter over East Indian
(a), West Pacific (b), Central Pacific (c), East Pacific
(d) and West Atlantic oceans. Linear trends are indi-
cated in the figures. The significance of trends was
tested following the method discussed in Jones and Car-
valho (2006). The test was performed by shuffling the
frequency of blocking events and fitting a linear trend
2500 times. The actual angular coefficient was compared
with the 95th percentile of the frequency distribution
of the 2500 angular coefficients obtained from the ran-
domization. A slightly positive (negative) trend in SH
blocking events was observed in EIN, WPA and EPA
(CPA) sectors. However, based on the statistical test all
trends were not significant at p ≤ 0.05. Nevertheless, we
observe a large interannual variability in the number of
events. Figure 9 shows the total number of blocking
events (defined according to Section 2) and the respective
11-year running variance. The linear trend is not sta-
tistically significant at p ≤ 0.05 level (not shown). On
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Figure 9. Total number of the SH blocking events in the wintertime from 1958 to 2010. Bars are total number of blocking events per year.
Dotted line is the running 11-year variance, plotted at the mid-point of 11-years period.

the other hand, the running variance indicates the
existence of decadal variability in the number of events,
possibly related to decadal changes in the Pacific SST
(Deser et al., 1996; Guilderson and Schrag, 1998).

6. Combined effect of ENSO and SAM phases
on the variability of the SH blocking events

To explore the effect of ENSO and SAM phases on the
variability of blocking events, we investigated the spatial
patterns of the upper troposphere circulation from 1982 to
1999, as well as the main statistical properties of blocking
events. The period was conveniently chosen because the
number of El Niño equals the number of La Niña events
(seven events in each ENSO phase). The daily SAM
index was obtained from the Climate Prediction Center
(CPC) National Center for Environmental Prediction
(NCEP) (online at http://www.cpc.ncep.noaa.gov). It was
calculated by projecting the 700-hPa geopotential height
anomaly onto the leading mode (EOF-1) derived from
monthly mean 700-hPa height anomalies from 20◦ to
90◦S. The time series were normalized by the standard
deviation of the monthly index (1979–2000 base period).
Positive SAM (SAM+) and negative SAM (SAM−)
phases of the index were defined when the magnitude
of the daily SAM anomalies exceeded one (or was below
minus one) standard deviation. The combined influence
of SAM and ENSO phases upon the blocking activities
was characterized according to four combinations of
the indices as follows: (a) SAM−|LN; (b) SAM−|EN;
(c) SAM + |LN and (d) SAM + |EN. During 1982–1999
there were 7 years with EN phase and 7 years with LN
phase.

Table 5. Descriptive statistics of the effect of the combined
phases of ENSO and SAM modes.

SAM− SAM+
ND NB N3d MLF ND NB N3d MLF

ENSO+ 131 83 54 13 67 39 30 6
ENSO− 103 56 45 8 142 67 35 3

The following statistics are displayed, total number of days for
each combined phases (ND), total number of days with blocked
longitudes (NB), total number of days with blocking event lasting
at least 3 days (N3d), and maximum lifetime of the blocking events
(MLF).

Table 5 shows the total number of days for each
combined phases of ENSO and SAM, the total number
of days with blocked longitudes, the total number of days
with blocking event lasting at least 3 days, and maximum
lifetime of the blocking events, respectively. There are
no statistically significant differences in the number of
days with SAM− between the opposite ENSO phases at
p ≤ 0.1, whereas the number of days with SAM + |LN
is twice the number observed during SAM + |EN and
this difference is significant at p ≤ 0.05 confidence level.
Moreover, Table 5 also suggests that the number of
days in a blocking event during SAM− is larger for
both ENSO phases. The high frequency of days with
SAM + during LN winter might be the reason for the
significant decrease in the number of days with blocking
events. Other important result in Table 5 is the increase
in the maximum life time duration of the blocking
events during the SAM−|EN compared with SAM−|LN
(13 and 8 days, respectively). During the SAM+ the
blocking events are less persistent in both ENSO phases
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Figure 10. Frequency (%) of blocked longitudes according to SAM|ENSO combinations: top row: SAM−|EL NIÑO; second middle row:
SAM−|LA NIÑA; third middle row: SAM+|EL NIÑO; bottom: SAM+|LA NIÑA. Black thin lines indicate the ‘Total range’ of latitudes; Black

dashed lines indicate ‘mid-latitudes’ and black thick lines are ‘mid-high’ latitudes.

comparatively to SAM−. However, the ratio between
the maximum blocking duration in the opposite ENSO
phases, that is SAM + |EN and SAM + |LN conditions
(6 and 3 days, respectively), seems to hold.

Figure 10 shows the frequency of blocked longitudes
separated according to the reference latitudes at mid
(shaded line) and mid-high latitudes (solid bold-line),
including the total range of latitudes (solid thin-line) as
previously defined and for all SAM|ENSO combinations.
Considering that the typical lifetime of SH blocking
events at mid-high is slightly longer (about of 0.5
days event−1) than over mid-latitudes (Figure 4), some
interesting aspects can be extracted from Figure 10. The
preferred locations for blocking events during SAM−
occur at mid-high latitudes (bold lines) over the EPA
sectors for both ENSO phases, whereas the frequency
SH blocked longitudes over the western portion of the
CPA sector decreases. These differences are significant
at p ≤ 0.05 during EN conditions (see Figure 7). During
SAM + |EN the preferred locations for SH blockings
seem to occur over the WPA and western portion of the
CPA sectors. During SAM + |LN we observe a lower
frequency throughout the SH. However, some increase is
observed over West Atlantic region during SAM + |LN.
The variability of SAM is largely related to ENSO (e.g.
Carvalho et al., 2005), and these interactions control the
frequency and preferred locations of SH blocking events.

These results indicate that the high frequency of
SAM + during LN winters plays a major role for the
significant suppression in the number of days with block-
ing event between WPA and the western portion of the
CPA sector (Figure 7). Thus, we investigate in detail why
SAM + |LN inhibit blocking event formation over the
South Pacific Basin. Trenberth (1986) showed that tran-
sient eddies accelerate the westerlies in the main storm
track and to the south of a blocking anticyclone, but they
act to decelerate the westerlies near the main split in

the jet and thus help to maintain the blocking. Since
the GHGN provides a measure of zonal flow intensity,
the presence of easterly anomalies between 35◦S and
50◦S is important to detect contiguous blocked longi-
tudes. Chen and van den Dool (1997a) emphasized that
the poleward location of the jets favours a high fre-
quency of blocking events. According to Lejenäs (1984),
the presence of easterly anomalies at these latitudes indi-
cates the blocking events position. Thus, the strengthen-
ing of the polar jet around the latitude of 60◦S creates
unfavourable conditions for formation of blocking events
due to the strengthening of the westerlies. On the other
hand the strengthening of the subtropical jet is clearly
important for the maintenance of blocking events due to
its association with the jet split.

To exemplify the relationships discussed above, we
have separated ‘zonal regimes’ from ‘blocking regimes’.
A blocking regime means the presence of blocked lon-
gitudes during a blocking event with strong meridional
deformation. On the other hand, a zonal regime means no
blocking presence. Thus, Figure 11 shows composites of
zonal wind anomalies at 200 hPa (annual cycle removed)
during ‘zonal’ and ‘blocking regimes’ and according to
SAM|ENSO combinations, and highlights some impor-
tant mechanisms explaining unfavourable and favourable
conditions for blocking.

For instance, the zonal regimes (Figure 11 – on the
left), indicates the strengthening of the polar jet in the
latitude around 60◦S and the absence of the subtropical
jet during SAM + for both ENSO phases. As mentioned
before, these features are unfavourable for blocking
formations because the westerlies accelerate over mid-
latitudes. On the other hand, during SAM− , for both
ENSO phases, the polar jet is confined near the pole and
the subtropical jet is strengthened with the presence of the
easterly anomalies between the two jets (around latitudes
of 60◦S), creating favourable condition for the bifurcation
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Figure 11. Composites of 200 hPa zonal wind anomalies for SAM|ENSO combinations during Zonal (left column) and Blocking Regimes (right
column): from top to bottom: SAM-|EL NIÑO, SAM-|LA NIÑA, SAM+|EL NIÑO and SAM+| LA NIÑA. Grey regions indicate the positive

anomalies with statistical significance at 95% level of confidence. Units: (m s−1).

zones and blocking formation. The jet locations and
intensities during different SAM phases are in good
agreement with the results obtained by Carvalho et al.
(2005). In contrast, the blocking regimes for SAM−|EN
(Figure 11 – on the right) indicate the presence of
easterly anomalies in the latitudes between 35◦S and
50◦S and from 150◦W to 80◦W due to the strong
deformation in the zonal flow. These features suggest
high frequency of blocking events in the eastern portion
of the CPA and in the EPA sectors. In this situation,
the polar jet stays near the poles and the subtropical jet
is strengthened in the South Pacific Ocean. A similar

configuration of the zonal circulation is observed during
SAM−|LN; however, a break in the subtropical jet over
the CPA sector occurs near the longitude of 135◦W.
On the other hand, during SAM + |EN we observe the
presence of easterly anomalies over a narrow latitudinal
range extending from Southeastern Australia toward New
Zealand, indicating the preferred locations for blocking
events from 150◦E to 135◦W. In contrast to the other
three combinations, the SAM + |LN is associated with
the least favourable conditions for blocking events to
occur due to the strengthening of the polar jet around the
latitude of 60◦S and the non-existence of a significant
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subtropical jet. This explains the significant suppressed
number of days with SH blocking over the WPA and
the western portion of the CPA sector. Among the
main reasons for the difference between SAM + |EN
and SAM + |LN is that the EN phenomenon modulates
the subtropical jet such that favourable conditions for
blocking events are more likely to occur than during LN
events.

A relevant question to be answered is whether the
observed preference for blockings changes according to
opposite SAM phases. A statistical test (at 5% signif-
icance level) for the difference in proportion of SH
blocking events in each sector and for opposite SAM
phases was carried out. The results show that the pro-
portion of blockings increases over the East Indian and
all Pacific sectors during SAM− compared to SAM+ in
both ENSO phases. On the other hand, the test shows that
there is an increase in the frequency of SH blockings
over West Atlantic during SAM+. When we compare
SAM−|EN with SAM−|LN, no significant difference
was found. However, there are more blocking events dur-
ing SAM + |EN than during SAM + |LN.

7. Summary and conclusions

This observational study describes 53-years wintertime
climatology of blocking in the SH using NCEP/NCAR
reanalysis. We provide a comprehensive analysis of the
main statistical properties and preferred locations of
blockings stratified according to categories of the ENSO
cycle and we investigate the combined effects of ENSO
and SAM phases on blocking frequency. To improve
the identification of spatial variations of blocking events
throughout the SH, conventional indices are revised and
adapted to a higher spatial resolution and were applied
to detect blocking events in three latitude bands.

We find that a timescale of 3 days (rather than 5 days)
is more appropriate for a mature blocking event in the
SH due to the strong westerly winds in the troposphere
of the SH. Also, we show that SH blocking events are
more persistent at high latitudes, consistent with other
studies.

Opposite phases of the ENSO cycle are classified into
three categories, weak, moderate and strong and were
compared against ENSO-Neutral according to Oceanic
Niño Index conditions at p-value of 0.05 or less. The
results show that the SH blocking events exhibit different
behaviours depending on ENSO category. For instance,
during moderate EN winters the blocking frequency is
significantly enhanced over higher latitudes and shifted
eastward over 120◦W, which is consistent with other
studies. Also, there is an increase (decrease) of the
number of days associated with blocking events over
CPA and EPA (WPA). However, there is no statistically
significant change in the total number of events in the
SH. There is indication that during EN there are many
more extreme events over the EPA sector, and the median
duration of these events increases in one day. On the

other hand, moderate LN is characterized by a significant
decrease of the total number of days associated with a
blocking event across the SH, with larger impact over
the CPA sector. Also, there are no statistically significant
impacts in the total number of events during LN winters

A positive (negative) trend in SH blocking events is
observed for EIN, WPA and EPA (CPA) sectors; however,
none of these trends are statistically significant at p-value
of 0.05 or less. This result agrees with Wiedenmann et al.
(2002). The analysis of 11-year running variance indi-
cates the existence of a decadal change in the variability
of blocking events, possibly related to decadal changes
in the Pacific SST (Deser et al., 1996; Guilderson and
Schrag, 1998).

The combined effect of ENSO and SAM modes sig-
nificantly impacts the frequency and the preferred loca-
tions of blockings. SAM− combined with EN plays a
major role for the enhanced number of days with block-
ing events over the eastern portion of the CPA and EPA
sectors. On the other hand, atmospheric conditions asso-
ciated with SAM+ along with LN are unfavourable for
the formation of blockings due to the strengthening of
the polar jet around the latitude of 60◦S, which plays a
significant role for the decreased number of days with
blocking events across the South Pacific, with larger
impact in the WPA and the western portion of the CPA
sectors. On the other hand, SAM+ combined with EN
winters create favourable conditions for the formation
of blocking events over WPA and the western portion
of the CPA sectors due the modulation of the subtrop-
ical jet by EN. These results show that the variabil-
ity of SAM combined with ENSO plays a major role
for preferred locations and frequencies of SH blocking
events. This study points out the importance of monitor-
ing and forecasting tropical–extratropical interactions on
a broad range of temporal and spatial scales to properly
understand, forecast and predict variations and changes
in blockings and their implications for weather patterns
in the SH.
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