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Interannual variations of blockings in the Southern Hemisphere 
and their energetics 
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Abstract. Seasonal and interannual variations of blocking in the Southern Hemisphere 
(SH) are discussed using 25 years of NCEP and 14 years of ECMWF data sets. Both the 
data sets show that the highest blocking frequency occurs near New Zealand, but 
ECMWF data seem to show higher blocking frequency. There are large interannual 
variations in blocking frequency over east and west Pacific, the principal regions of 
blocking in the SH. Linear correlation coefficients (CC) between the frequency of 
blocking and the Southern Oscillation Index show mostly negative values, indicating that 
blocking increases during the E1 Nifio events. A significant value (at 95% level) of CC is 
found only for the west Pacific in the austral autumn season. Two sets of three high and 
low blocking frequency years are selected to explore the possible causes for interannual 
variations. Mak's energy equations are used to examine the differences in energetics. To 
maximize the differences, two extreme years of blocking, a year of high blocking 
frequency, 1984, and a year of low blocking frequency, 1990, are considered. It is found 
that the generation of kinetic energy by barotropic processes on intraseasonal timescales is 
higher in 1984 than in 1990. This shows that the configuration of seasonal mean 
(deformation) field supports higher incidence of blocking in 1984 than in 1990. 

1. Introduction 

The blocking phenomenon in the atmosphere has been ex- 
tensively investigated since the early studies of Elliot and Smith 
[1949] and Rex [1950a, b]. The most significant feature com- 
mon to these studies is that normal passage of smaller-scale 
baroclinic weather systems is obstructed and hence the name 
"blocking." Because of its importance in weather-related hu- 
man activities such as agriculture, extended range forecasting 
of blocking situation has been attempted. Despite several ad- 
vances in operational medium-range weather forecasting, 
Tibaldi and Molteni [1990] and TibaMi et al. [1994] have shown 
that forecasting the onset of blocking events by the European 
Centre for Medium-Range Weather Forecasts (ECMWF) 
model is, in general, a difficult task. However, if the integration 
starts from an already blocked initial condition, the model 
performance improves. The situation in the Southern Hemi- 
sphere (SH) is even worse because of poor data coverage that 
introduces large initial errors. A good knowledge of observed 
aspects of blocking in the SH seems to be desirable before an 
attempt at numerical forecasting is made. Also, observational 
studies of blocking might help in improving parameterizations 
in Numerical Weather Prediction models. 

There have been several observational studies of blocking in 
the Northern Hemisphere (NH) [e.g., Rex, 1950a, b; Treidl et 
al., 1981; Lejeni•s and Okland, 1983; Dole, 1989], similar studies 
for the SH are smaller in number. Van Loon [1956] used 5 
years of synoptic charts to study blocking in the SH. Taljaard 
[1972] described synoptic characteristics of blocking anticy- 
clones in the SH. Blocking in the austral-Asian region has been 
documented by Wright [1974] and Baines [1983]. Coughlan 
[1983] compared blocking in the two hemispheres. Lejeni•s 
[1984] used 8 years of 500 hPa geopotential height analyses and 
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discussed blocking in the SH. Trenberth and Mo [1985], using 
about 8 years of data, found that the principal location of 
blocking in the SH is the New Zealand sector and that blocking 
occurs through a local enhancement of the climatological split 
in the mean westerlies. Blocking was also noted to occur over 
the southeast region of South America and the southern In- 
dian Ocean. Berbery and Nti•ez [1989] made an observational 
and numerical study of blocking episodes near South America. 
They concluded that blocking episodes can result from a local 
resonance between forced Rossby waves generated by the 
Andes Mountains and an upstream forcing, as suggested by 
Kalnay-Rivas and Merkine [1981]. Rutllant and Fuenzalida 
[1991] found a distinct region of blocking over the SE Pacific, 
and they presented evidence to show that blocking increases 
during warm events (El Nifio). In a recent study, Sinclair [1996] 
used 10 years of ECMWF analyses during 1980-1989 to obtain 
a climatology for blocking in the SH. Blocking episodes were 
identified as persistent highs having central pressures exceed- 
ing the time averaged, mean sea level pressures (MSLP) by 
more than 20 hPa and also as persistent positive MSLP anom- 
alies. Sinclair [1996] found that long-lasting, quasi-stationary 
intense blocks occur in two regions of the South Pacific: east of 
New Zealand and southwest of South America. The latter 

region of blocking was not found in the earlier studies, prob- 
ably because of poor data coverage. Renwick [1998] used 16 
years (1980-1995) of ECMWF data and examined the connec- 
tion between blocking and E1 Nifio-Southern Oscillation 
(ENSO). He found that the number of days of blocking tends 
to increase, on average, during the warm phase of the ENSO 
cycle, particularly over the southeast Pacific during the austral 
spring and summer. For Northern Hemisphere, Renwick and 
Wallace [1996] found a statistically significant relationship be- 
tween ENSO variability and frequency of blocking events over 
the Alaskan region, such that blocking is suppressed during the 
warm phase of ENSO. 

The purpose of the present paper is to study the interannual 
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variation of blocking in the SH using 14 years (1980-1993) of 
ECMWF and 25 years (1973-1997) of NCEP (National Cen- 
ters for Environmental Prediction) data. To our knowledge 
this is the first study in which 25 years of daily data have been 
used to analyze blocking in the SH; nine more years of data will 
be used in comparison with the 16 years (1980-1995) of cli- 
matology of Renwick [1998]. 

Mechanisms responsible for the interannual variations of 
blocking are not well documented and understood. One source 
of interannual variability in blocking flows is the variations in 
the tropical sea surface temperature (SST) exemplified by E1 
Nifio-La Nifia phenomenon. Namais [1986] and von Storch 
[1987] suggested that during E1-Nifio-type forcing, the extrat- 
ropical low-frequency variability is smaller than during La Nifia 
forcing, implicitly implying less development of blocking flows 
during E1 Nifio winters. Chen and Van den Dool [1997] noted 
that blocking flows develop twice as much over the North 
Pacific during La Nifia than during E1 Nifio winters. They 
noted that the high-frequency eddies (1-7 days) during La 
Nifia events are more effective in maintaining blocking flows, 
thus supporting the Shutts [1983] eddy-straining mechanism. 
Shutts proposed that the high-frequency transient eddies are 
deformed systematically by the large-scale ambient flows in 
such a way that they feed back to decelerate the westerlies and 
help to form and maintain the blocking flow [Shutts, 1983; 
Trenberth, 1986]. In the SH, Rutllant and Fuenzalida [1991] and 
Renwick [1998] found a connection between the occurrence of 
blocking and ENSO. However, in both of these studies they 
used ECMWF data, which underwent several changes in the 
model physical processes during the period of data they ana- 
lyzed. These changes may introduce false interannual varia- 
tions. However, NCEP reanalysis [Kalnay et al., 1996] data are 
devoid of this problem and so particularly suitable for the study 
of interannual variations. In the present study, these data for 
25 years (1973-1997) are used in addition to the 14 years 
(1980-1993) of the ECMWF data. The study with both of 
these data will permit a comparison of blocking frequency 
obtained with them. 

Mak [1991] developed energy equations to study the block- 
ing flows. Mak evaluated the contribution from three temporal 
scale interaction (seasonal, intraseasonal, and high-frequency 
components) to the episodal average local energetics of the 
block. The synoptic eddy-straining mechanism proposed by 
Shutts [1983] is mainfested in three energetic terms. However, 
the conversion term between the seasonal and the intrasea- 

sonal components is found to be largest. In the present study 
we use Mak's energy equations to examine the energy ex- 
change processes during years of extreme (low and high) 
blocking frequency. Such a study might indicate the changes in 
the atmospheric process responsible for the interannual differ- 
ences in the blocking frequency. 

2. Data and Method of Analysis 
In the present study we use 14 years (1980-1993) of EC- 

MWF data at 1200 UTC. The ECMWF analyses were pro- 
duced by a data assimilation system run as an intermittent 6 
hour analyses•initialization•forecast cycle. A review of this 
modern data assimilation was given by Bengtsson [1991]. A 6 
hour forecast from the previous initialized analysis provides 
the first guess. The ECMWF analyses have undergone some 
changes. Linear normal mode initialization was introduced in 
September 1982 and a diurnal cycle of radiation was intro- 

duced in 1984. For further details about ECMWF data, see 
Trenberth and Olson [1988]. We use geopotential height (Z), 
the horizontal velocity (u, v) fields, the vertical P-velocity (to) 
field, and temperature field (T). Two months (January and 
February 1984) of data were missing. The lack of these two 
months of data was taken into consideration in obtaining the 
blocking frequency. 

In addition to ECMWF data we use NCEP/NCAR (Nation- 
al Centers for Environmental Prediction/National Center for 

Atmospheric Research) reanalysis data for 25 years (1973- 
1997). We use daily geopotential height (Z) at 500 hPa. We 
propose to compare the blocking frequency obtained from 
both data sources. A detailed description of the NCEP assim- 
ilation systems and output were given by Kalnay et al. [1996]. In 
addition, we obtained the Southern Oscillation Index (SOI) 
data from Internet (http://rs600.cru.uea.ac.uk/cru/data/ 
soi.htm). The method used to calculate the SOI is due to 
Ropelewski and Jones [1987]. The SOI is defined as the nor- 
malized pressure difference between Tahiti and Darwin. The 
SOI data are used to find the connection between ENSO and 

blocking. 
In this study we used a modified method developed by Le- 

jeniis and Okland [1983] and Lejeniis [1984] to identify blocking 
in the SH. Just as in the work of Lejeniis and Madden [1992], 
the data were subjected to a Fourier analysis along each lati- 
tude, and the first 18 zonal harmonics were retained. The 
resulting geopotential height at a given latitude was obtained by 

18 

Z(X),,j = [Z],,j + • [ak,i,j cos (kX) + bk,i,j sin (k•)], (1) 
k=l 

where • is the longitude, and k is the zonal wave number. The 
first term on the right-hand side of (1) is the zonal mean, and 
the subscripts i and j represent data from the i th year and j th 
day. 

In the present study we used a blocking index, which is a 
modified version of that suggested by Lejeniis [1984]. To in- 
clude occurrence of blocking at latitudes higher than 50øS, the 
Lejenfis index is used for three different latitudes. 

Zs(X) - Z0s(X), 

= Zs(X) - (2) 

I(/•3) : Z40s(/• ) - Z00s(/•). 

The blocking situation should satisfy that mean in 30 ø lon- 
gitudes ([I(X- 10) + I(X) + I(X + 10)]/3)should be less 
than zero at one of three cases of (2). These criteria are 
sufficient to define a local (in time and space) blocking pattern. 
However, a true synoptic blocking requires a certain time per- 
sistence of the event. Thus a further time requirement has to 
be added to the sector-blocking definition, which is as follows: 
When two successive days are considered blocked by the index 
in a sector and are followed by a nonblocked day and then by 
two more successive blocked days, the entire event is consid- 
ered as a 5 day block (implicitly assuming that the failure was 
due to an index failure). A similar criterion is applied in the 
case of a single nonblocked day preceded (followed) by four 
blocked days and followed (preceded) by a single blocked day. 
In addition, all the blocked episodes less than four consecutive 
days of duration are excluded in the subsequent analysis. These 
criteria are similar to those used by DMndrea et al. [1998] for 
the Northern Hemisphere blocking identified in 15 atmo- 
spheric general circulation models. 
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In addition to the above criterion, a simple Lejentis [1984] 
criterion, i.e., no time duration limit, is also adapted, and only 
the first index (I(X•)) is used. This will permit to make a 
comparison of blocking in the SH identified by these two meth- 
ods, particularly the change of the latitude limits. Hereinafter, 
this method is referred to as method 2 while the earlier one as 

method 1. 

In section 3, results are presented in terms of the number of 
blocks and number of blocking days as a percentage of the 
period (number of days) considered. For example, 2% in any 
given month would mean 30 x 14 x 0.02 • 8 cases. 

To analyze the energetics of the blocking situation, we use 
the methodology developed by Mak [1991]. We use his nota- 
tion. Here we shall briefly illustrate the method. For details the 
reader is referred to Mak's paper. Each meteorological vari- 
able, s c = z, u, v, to or T at each grid point is partitioned into 
three parts, a seasonal component (0), an intraseasonal com- 
ponent (1), and a high-frequency component (2). 

• = •0 + • + • (3) 

The three operators in time that would achieve partioning into 
three components are given by 

Ln{s c} = sen (n: 0, 1, 2). (4) 

These components are obtained by two filters. The first filter 
(zero component) is 61 day running-mean (denoted by an 
overbar). The second filter is a 7 day running-mean (denoted 
by a circumflex). The difference between the two gives the 
intraseasonal (1) component and the difference between the 
original series and the 7 day running-mean gives the high- 
frequency component (2). 

•o{d = • = •o, 

œdd = f- } = f•. 

Applying the L 1 operation to the horizontal momentum 
equation (neglecting vertical advection of momentum) gives 
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Figure 1. Distribution of blocking frequency as a function of 
longitude for (a) 14 years (1980-1993), European Centre for 
Medium-Range Weather Forecasts (ECMWF) data and (b) 25 
years (1973-1997), National Centers for Environmental Pre- 
diction (NCEP) data: method 1 (thick line), method 2 (thin 
line). 

- fr•x% + (6) 

go,o: -œ•{(90. v)90}, 

A0,• = -œ•{(90. v)% + (%. v)90}, 

A0,• = -œ•{(90. v)gq + (%. v)90}, 

A 1,1 -- -El{(91 ß 
(7) 

A1, 2 : -El{(91 ß V)9 2 q- (9 2 ß 

In this analysis, •o,o and •o,2 are identically zero by definition, 
since 9o is approximated by a seasonal mean. Thus (6) reduces to 

Vl = ho,1 q- hi,1 q- h2,2 q- hi,2- V(1)i- f•91 q- Pl' (8) ot 

July, and August), we obtain the equation that governs the 
kinetic energy of the winter intraseasonal component 

0 

Ot -K• = 9•. Ao,• + 9•-&,• + 9•. Az,z + 9•. k,• 

- Q,. V•, + Q•-P•. (9) 

An overbar represents the average over the winter period. The 
fifth term on the right-hand side of (9) represents the contri- 
bution by the pressure-gradient force. This term may be writ- 
ten in a form representing a conversion between kinetic and 
potential energy. The last term on the right-hand side of (9) is 
a measure of frictional dissipation and is evaluated here as a 
residual by assuming the time tendency term in (9) is zero. 

The equation for the time change of available potential 
energy is given by 

0 ..> 

• P1 = O•Bo,i + 01Bi,i + 0•B2,2 + O•BL2 + Rto•O• 

By taking the scalar product of (8) with •'• and taking the 
average of each resulting term over the austral winter (June, +-O©/Op O•Q•, (10) 
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Figure 2. Monthly variation of blocking frequency in NCEP data for the entire Southern Hemisphere (SH) 
and for the Pacific, Atlantic, and Indian Oceans and southwest, southeast Pacific separately. 

where P• = RO•2/(2(-O©/OP)) is the available potential en- 
ergy of the one component associated with the block. In (10), 
0 is the potential temperature, © is the domain-averaged po- 
tential temperature, Q is the diabatic heating rate in degrees 
per unit time, and to is the p-vertical velocity. The explicit 
forms of the first four terms on the right-hand side are 

O•Bo,• = O©/Op Ll{(9ø' V)0, + (•/•- 

O•B•,• = O©/Op L•{(Q•.V)0•}, 

0•B2,2: O©/Op L•{(Q2.V)02}, 

O•B•,2 = O©/Op L•{(Q•.V)02 + (92-V)0•}. 
The first five terms on the right-hand side of (10) can be 
evaluated from the temperature, horizontal velocity, and to 
data at 500 hPa. The last term can be estimated as a residual. 

3. Results 

In this section we first discuss the climatology of blocking in 
the SH using 25 years of daily data, giving emphasis to seasonal 
and interannual variations, and their energetics will be consid- 
ered later. 

3.1. Seasonal and Interannual Variations 

Figure 1 shows the frequency of blocking as a function of 
longitude for the entire SH, in the ECMWF (Figure la), and 
the NCEP (Figure lb) data. In Figure lb the thick line is 
obtained with method 1 and the thin line with method 2, using 
ECMWF data. Figure la is also obtained with method 2. It can 
be seen, in both Figures la and lb, that the highest frequency 
of blocking occurs in the Pacific surrounding Australia and 
New Zealand. The frequency in the Western Hemisphere is, in 
general, slightly more than in the Eastern Hemisphere. Be- 
tween 10øE and 90øE the blocking frequency is almost zero. 
The frequency values in the ECMWF data are slightly higher 
than those in the NCEP data. The frequency values obtained 
with method 1 are much less than those obtained with method 

2. This is because of 4 days of minimum duration of blocking 
adapted in method 1, while no such minimum duration is used 
in method 2. Also, in the thick curve (method 1) there is a 
slight westward shift of the maximum (around 160øW) in com- 
parison with the thin curve. In the ECMWF data (Figure la) a 
weak secondary maximum can be seen around 90øW. A similar 
tendency is seen in the NCEP data (thin curve) also. 

Hereinafter, the results (except energetics) are presented 
only for the NCEP data because of their availability for a 
longer period. Figure 2 shows the monthly variation of the 
blocking frequency for all the three southern oceans. In view of 
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Figure 3. Monthly variation of the frequency of number of days of blocking in NCEP data for the entire SH 
and for the Pacific, Atlantic, and Indian Oceans and southwest, southeast Pacific separately. 

the earlier results of Sinclair [1996] and Renwick [1998], South 
Pacific is divided into west (west of 120øW) Pacific and east 
(east 120øW) Pacific. Over the entire SH (without separation) 
the maximum blocking frequency occurs in winter. There are 
minima in November and February. It is interesting to note 
that the blocking frequency increases slightly from November 
to December. As noted by earlier authors [e.g., Lejeni•s, 1984], 
the blocking frequency is very low over the Atlantic and Indian 
Oceans. Thus the monthly variation of blocking frequency of 
the Pacific is reflected in the total for the entire SH. The 

monthly variation of blocking frequency in the west Pacific is, 
in general, more than that in east Pacific. In the east Pacific, 
although the frequencies are smaller than those of west Pacific, 
still there are sizeable values from May to September. Thus the 
eastern Pacific is a new region of blocking, as noted by Rutllant 
and Fuenzalida [1991], Sinclair [1996], and Renwick [1998]. 

Figure 3 shows the monthly variation of the frequency of 
number of blocked days. Unlike in the case of blocks, the 
blocking days, this figure shows a clear maximum in July for the 
entire SH and for the southwest Pacific. While in the case of 

southeast Pacific, the frequency in June and July are almost 
equal. In the Atlantic and Indian Oceans the frequency of 
number of blocked days is very small. In the case of southeast 
and southwest Pacific there is a secondary maximum in April. 

As in the case of the number of blocks, the frequency of 
blocked days increase from November to December except in 
east Pacific. 

Figure 4 shows the interannual variation of the frequency of 
blocks over the entire SH and also separately for Atlantic, 
Indian, southwest, and southeast Pacific Oceans. As noted in 
Figure 3, the frequency of blocks in the Pacific is much higher 
compared to the other two oceans. Also, another feature evi- 
dent in Figure 4 is the large interannual variation over Pacific 
(both west and east) and over the entire SH. High values of 
frequency occurred in 1974, 1976, 1978, 1984, 1986, 1991, 1992, 
and 1996 and low values occurred in 1973, 1975, 1980, 1981, 
1985, 1989, 1990, and 1995. Figure 5 shows the interannual 
variation of the number of blocked days. In this figure, also 
large interannual variation can be seen. As expected, the in- 
terannual variation in the frequency of blocked days (Figure 5) 
and blocking frequency (Figure 4) are very similar in the total 
values for the SH. A peak is seen in 1986 in both total and over 
the Pacific (Figure 5). This peak is due to the large value of 
blocked days in 1986 over southeast Pacific. The number of 
blocks over southeast Pacific compared to the southwest Pa- 
cific in 1986 are not much higher. This implies that the blocks 
in 1986 over east Pacific lasted for a long time. In an earlier 
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Figure 4. Annual variation of blocking frequency in NCEP data for the entire SH and for the Pacific, 
Atlantic, and Indian Oceans and southwest, southeast Pacific separately. 

study, Marques and Rao [1999] analyzed the case of a long- 
lasting (17 days) blocking event over southeast Pacific in 1986. 

3.2. Connection With ENSO 

Recent studies by Rutllant and Fuenzalida [1991] and Ren- 
wick [1998] suggest a connection between ENSO and blocking 
frequency in the SH. Rutllant and Fuenzalida [1991] report an 
increase in eastern Pacific blocking during E1 Nifio events. 
Renwick [1998] noted that over the southeast Pacific at all 
times of year, E1 Nifio events are associated with increased 
blocking frequency. Over the southwest Pacific, E1 Nifio is 
associated with a significant increase in blocking frequency 
during the period September through February but during the 
remaining six months with slightly reduced blocking frequency, 
with net cancellations of the ENSO signal over the years as a 
whole. Renwick [1998] also noted that ENSO-related variabil- 
ity is not statistically significant over southwest Pacific in 
March, April, and May (MAM) or December, January, and 
February (DJF). For the first time in the present study we used 
25 years of data, which might provide results that stand the test 
of statistical significance regarding the connection between 
blocking and ENSO. 

Table 1 gives the linear correlation coefficients between the 
blocking frequency and the SOI. In column 3 the asterisk is 

significant with confidence level of 95% (according to students 
two-sided t test). It is interesting to note that relatively large 
CCs (but not significant) are negative, suggesting an increase 
of blocking during E1 Nifio over the entire SH in autumn and 
spring and in the southeast Pacific during the spring. The only 
significant CC is found for southwest Pacific during the austral 
autumn season. Thus the present study suggests an increase of 
blocking in the southwest Pacific in autumn during the E1Nifio 
events. 

3.3. Energetics of Contrasting Years 

To see the differences between 3 years of high (1984, 1986, 
and 1992) and low (1981, 1989, and 1990) blocking frequency, 
Figure 6 is prepared. These six years will be analyzed to ex- 
plore possible causes for high or low blocking frequency. It can 
be seen in this figure that in the regions of Australia and New 
Zealand (which is the primary region of blocking in the SH) 
the blocking frequency in the years 1984, 1986, and 1992 is 
more than double than in the years 1981, 1989, and 1990. In the 
secondary region of blocking near the west coast of South 
America the frequency values are also higher in 1984, 1986, 
and 1992. Thus the spectacular difference in blocking fre- 
quency between the two periods is over the Australia and New 
Zealand regions. Also, earlier we have seen (Figure 2) that the 
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Figure 5. Annual variation of the frequency of number of days of blocking in NCEP data for the entire SH 
and for the Pacific, Atlantic, and Indian Oceans and southwest, southeast Pacific separately. 

austral winter (June, July, and August) is the principal season 
of blocking over west Pacific. What are the atmospheric char- 
acteristics responsible for the differences in blocking frequency 
between the winter season of these two periods? 

To analyze differences in the years of high and low blocking 
frequency, we calculated energetics for the two sets of 3 years 
noted earlier, namely, 1984, 1986, and 1992 and 1981, 1989, 
and 1990. However, to maximize the differences, we discuss 
here the energetics of two extreme years, namely, 1984, a year 
of high frequency of blocking days, and 1990, a year of low 
frequency (see Figure 5). 

Figure 7 shows the first four advection terms on the right- 
hand side of (9) for 1984. It is seen that the values of the 
interaction between the block component and the seasonal 

Table 1. Correlations Coefficients Between the Southern 

Oscillation Index and Frequency of Blocks for the Entire 
SH, Southwest Pacific, and Southeast Pacific Separately 

Region DJF MAM JJA SON ANUAL 

Southern Hemisphere 0.12 -0.30 -0.002 -0.31 -0.1 
East Pacific .-. 0.01 -0.14 -0.30 -0.29 
West Pacific 0.12 -0.35* -0.01 0.01 0.1 

*Significant at 95% level. 

flow (9•. f•o,•) are largest and thus this interaction is impor- 
tant. A region of positive values (generation of intraseasonal 
kinetic energy) is seen to the south of New Zealand in the 
region of highest blocking frequency. The maximum value in 

2.5 

1.5 

0.5 

1984/86/92 

1981/89/90 

10 30 50 70 90 110130150170170150130110 90 70 50 30 10 

East West 

Figure 6. Longitudinal variation of blocking frequency for 3 
years maximum (1984/1986/1992) and 3 years minimum (1981/ 
1989/1990). 
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JJA 1984 500hPa Vl . AO,1 JJA 1984 500hPo Vl . A1,1 

b 

JJA 1984 500hPo V1 . A2,2 
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Figure 7. Spatial distribution of the four individual advective terms on the right-hand side of the kinetic 
energy equation (6) for the winter (1984): (a, c) CI = 0.2 x 10 -3 m 2 s -3, (b, d) CI = 0.1 x 10 -3 m 2 s -3. Zero 
contours are suppressed. 

the region is 0.4 x 10 -3 m 2 s -3. Also, note that in Figure 7d 
the term of interaction of the block component and the high 
frequency (•'•. •1,2) shows positive values westward of New 
Zealand, indicating conversion to the block component. Figure 
8 shows the values of pressure work term (-V• ß Vqb•). The 
values of this term are, in general, negative over the region to 
the southwest and southeast of New Zealand. This term partly 
includes the baroclinic process with conversion between po- 
tential and kinetic energy. The maximum negative value indi- 
cates that the term redistributes kinetic energy upstream. Fig- 
ure 9 shows the first four advective terms on the right-hand 
side of (9) for JJA 1990. A large region of negative values is 
seen during 1990 in Figure 9a indicating that the intraseasonal 
component is losing kinetic energy to the seasonal component. 
In this case, the influence due to self-interaction of synoptic 
disturbances (Figure 9c) also seems to be important in a region 
to the south of New Zealand. The term of nonlinear dynamics 
of blocking disturbance itself (Figure 9b) shows a large nega- 
tive center (indicating negative advection) to the west of New 
Zealand. Figure 10 shows the distribution of the pressure work 
term. Unlike in 1984, mostly positive values are seen to the 
southeast of New Zealand. A region of strong downstream 
advection is seen to the southeast of New Zealand. To the west 

of this region, weak upstream advection is seen. 
Thus the terms, which represent the interaction between the 

block component and the seasonal flow (•'• ß ,X,o,•), the pres- 
sure work process (-V• ß Vqb•) and the term of direct interac- 
tion between the block and the synoptic disturbance (•'• ß 
•,2), show that the atmospheric conditions in 1984 are more 
favorable for the higher incidence of blocking z 

As pointed out by Mak [1991], the term V• ß ,X,o,• is very 
important in the local energetics of blocking. Using the nota- 
tion of Mak [1991], this term may be written as follows: 

X0, = + 50, (]2) 

where 

Do - (Dstretch, Dshear) 

stretch 1 au0 1 a v0 v0 = tan ½ 
a cos ½ aX a a½ a 

1 Or0 1 au0 u0 

shear a cos ½ aX F - + -- tan ½ a•-•-½ a 

Thus the term •'• ß •o,• is a combination of two processes: (1) 
a redistribution of the kinetic energy of the one component 
due to the advection by the seasonal component and (2) a 
generation of kinetic energy by a general barotropic processes 
given by the term • ß Do. The • vector is a measure of the 
local shape and orientation of the block component of the flow 

Figure 8. Spatial distribution of the pressure-work term in 
the kinetic energy equation (9) for the winter (1984)' CI = 
0.5 x 10 -3 m 2 s -3. Zero contours are suppressed. 
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Figure 9. Spatial distribution of the four individual advective terms on the right-hand side of the kinetic 
energy equation (9) for the winter (1990)' (a, c) CI = 0.2 x 10 -3 m 2 s -3, (b, d) CI = 0.1 x 10 -3 m 2 s -3. Zero 
contours are suppressed. 

and the 15 o vector is a measure of the deformation field of the 
seasonal flow component. As discussed by Mak and Cai [1989] 
and Mak [1991], the term •. 150 can produce a net increase of 
the one component kinetic energy in the domain at the ex- 
pense of the seasonal flow. 

Figure 11 shows the term • ß 150 for JJA 1984 (Figure 11a) 
and for JJA 1990 (Figure 11b). A large region of positive 
values is seen (maximum 3 x 10 -4 m 2 s -3) to the southwest, 
south, and southeast of New Zealand. While during 1990, 
although positive values are seen over a small region to the 
south of New Zealand, their magnitudes are much less in 1990 
than in 1984. In other words, the orientation of • and 150 

JJA 1990 500hP•:.. - Vl . GRAD (Fil) 
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':-• 
Figure 10. Spatial distribution of the pressure-work term in 
the kinetic energy equation (6) for winter (1990): CI = 0.5 x 
10 -3 m 2 s -3. Zero contours are suppressed. 
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Figure 11. Spatial distribution of • ß 150 vectors, for the 
winter (a) 1984, (b) 1990 CI = 0.5 x 10 -4 m 2 s -3 Zero 
contours are suppressed. 
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vectors is such that the block component extracts kinetic en- 
ergy more in 1984 than in 1990. This seems to favor higher 
incidence of blocking in 1984 than in 1990. 

Figure 12 shows the terms 0• ß Bo, •, 0• ß B2, 2, 0• ß B•,•, 
and 0• ß B•, 2 for JJt 1984. In these figures the values are 
generally very small, or zero near the region of highest block- 
ing near New Zealand. In Figure 12a, positive values, indicat- 
ing gain of potential energy by the intraseasonal component at 
the expense of seasonal mean baroclinic field, are seen to the 
south of New Zealand near Antarctica. Farther south of this 

region, negative values are seen. Figure 12b shows mostly neg- 
ative values, indicating that synoptic disturbances are gaining 
potential energy from the block disturbance. The nonlinear 
term 0• ß B•,• (Figure 12c) is generally small except to the 
southeast of New Zealand, where negative values are seen, and 
the term 0• ß B •,2 (Figure 12d) is also small. Figure 12e shows 
the distribution of the conversion rate between kinetic energy 

JJA 1984 500hPo 

ß 

fete1 B2,2 

b 

JJA 1984 

,'5 

500hPo teto1 B1,1 

Figure 12. Spatial distribution of the four individual advec- 
tive terms (Figures 12a-12d) and fifth term (Figure 12e) on the 
right-hand side of the available potential energy equation (7) 

for the winter (1984):s( • b, e) CI = 0.2 x 10 -3 m 2 s -3, (c, d) CI = 0.1 x 10 -3 m 2 Zero contours are suppressed. 
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Figure 12. (continued) 

and potential energy of the one component (Rto•O•). Small 
negative values indicating conversion of potential energy into 
kinetic energy are seen to the southwest of New Zealand. 

Figure 13 shows the terms of potential energy for JJt 1990. 
In Figure 13a the distribution of the term 0• ß Bo,• is shown. 
Large positive values indicating gain of potential energy by the 
block disturbance at the expense of the seasonal mean ba- 
roclinic field are seen in a region to the southwest of New 
Zealand. Comparing Figures 12a and 13a, it can be seen that in 
JJA 1990 the values are larger, indicating higher potential 
energy gain. Figure 13b shows, again, negative values to the 
south of New Zealand, indicating that synoptic disturbances 
are gaining potential energy from the blocking disturbance. 
Thus the terms 0• ß Bo, • and 0• ß B2, 2 partially compensate 
one another. Figure 13c shows mostly negative values except in 
a small strip to the southeast of New Zealand. In Figure 13d 
the values of 0• ß B•,2 are generally small. Figure 13e shows 
the distribution of the conversion rate between kinetic and 

potential energies. Negative values are seen in this figure, 
indicating a conversion of potential energy into kinetic energy. 
Although the values in Figure 13e are higher than those in 
Figure 12e even near New Zealand, this gain of kinetic energy 
in 1990 is largely compensated by negative values seen in 
Figure 9a. This explains, at least partially, the lower frequency 
of blocking in 1990. 

4. Summary and Conclusions 
In the present investigation, seasonal and interannual vari- 

ations of blocking in the Southern Hemisphere are studied. 
Two data sources, namely, 2• years (1973-1997) of NCEP and 
14 years (1980-1993) of ECMWF are used. There are two 
regions of high blocking frequency in the South Pacific, one in 
southwest Pacific and the other in southeast Pacific. The block- 

ing frequency is higher over southwest Pacific. Blocking occurs 
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over the Atlantic and Indian Oceans with much less frequency. 
Monthly variation of blocking frequency shows that the highest 
frequency over southwest Pacific occurs in July with secondary 
peaks in April and September. In the case of southeast Pacific, 
blocking occurs mainly in the winter months. Large interan- 
nual variations of blocking frequency are noted both in south- 
east and southwest Pacific Oceans. To find a possible connec- 
tion between the interannual variation of blocking frequency 
and the Southern Oscillation Index, correlation coefficients are 
calculated between these two quantities. This showed that a 
significant negative correlation is found for the austral autumn 
seasons over southwest Pacific, suggesting higher blocking fre- 
quency in E1 Nifio years. Over southeast Pacific, a high nega- 
tive correlation (not significant) is found for the austral spring 
season. 

Next, the possible causes for the interannual variations are 
explored by the calculation of energetics for three high and 
three low years of blocking. Although energetics are calculated 
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Figure 13. (continued) 

for all the six years, to maximize the differences, two extreme 
years of blocking frequency, the highest (1984) and the lowest 
(1990), are considered. It is found that the principal term in the 
local energetics, the interaction between the blocking compo- 
nent and the seasonal component shows large differences be- 
tween 1984 and 1990. As suggested by Mak [1991], this term is 
further divided into the dot product of two vectors, one rep- 
resenting the local shape and orientation of the block compo- 
nent of the flow and the other representing the deformation 
field of the seasonal flow. It is noted that the orientation of 

these vectors is such that the kinetic energy conversion of the 
intraseasonal component from the seasonal deformation field 
is higher in 1984 than in 1990. Thus it can be concluded that 
the seasonal mean circulation is favorable for the occurrence 

of higher blocking frequency in 1984 than in 1990. 

JJA 1990 500hPo teto1 B1,1 
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Figure 13. Spatial distribution of the four individual advec- 
tive terms (Figures 13a-13d) and fifth term (Figure 13e) on the 
right-hand side of the available potential energy equation (7) 

3 2 3 
for the winter (1990): (a, b, e) CI = 0.2 x 10- m s- , (c, d) 
CI -- 0.1 X 10 -3 m 2 s -3. Zero contours are suppressed. 
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