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pattern, suggesting a period of around 17 days for each 
mode. Moreover, lagged regression between times series 
of frontal activity and precipitation anomalies reveals an 
opposite pattern between southeastern South America and 
southern Chile, being precipitation anomalies over these 
two regions anti-correlated due to the frontal activity.
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1 Introduction

The variability of the atmospheric circulation has been 
widely studied in the last years. Both at the intraseasonal and 
interannual timescales, the main modes of variability of the 
wintertime atmospheric circulation of Southern Hemisphere 
(SH) are the Pacific South America modes (PSAs) and the 
southern annular mode (SAM). In particular at the intrasea-
sonal timescale, Mo and Ghil (1987) and later Ghil and Mo 
(1991) identified the PSAs patterns, which consist in a wave 
train that emanates from the equatorial Pacific and propa-
gates poleward in the SH. Furthermore, the SAM was also 
fully documented at this timescale (Kidson 1988; Thomp-
son and Wallace 2000; among others). This mode exhibits 
a wavenumber 1 on high latitudes and a wavenumber 3–4 
pattern at mid-latitudes with opposite signs. Therefore, these 
three patterns are the main structures of circulation variabil-
ity at the intraseasonal timescales of the SH.

Precipitation variability at the intraseasonal timescale 
was also fully documented over South America. A dis-
tinctive pattern in summer precipitation was reported by 
Nogués Paegle and Mo (1997). This pattern is known as 
the South American Seesaw dipole (SASS) and represents 

Abstract The intraseasonal variability of the fron-
tal activity and its connection with the variability of the 
atmospheric circulation and precipitation in the Southern 
Hemisphere is studied. The frontal activity is defined as 
the relative vorticity times the local temperature gradient. 
A band-pass filter was applied to retain the intraseasonal 
timescales. An empirical orthogonal function analysis was 
applied to the filtered frontal activity anomalies. The two 
main modes show positive and negative centers located 
mainly over the southern Pacific Ocean and South Ameri-
can sector and are in quadrature with each other. A similar 
pattern was found when the main modes of intraseasonal 
variability of the 500 hPa geopotential height were pro-
jected on the frontal activity, suggesting that the variabil-
ity of fronts are influenced by the variability of the large 
scale atmospheric circulation. Moreover, the precipita-
tion anomalies projected on the main modes of both fron-
tal activity and 500 hPa geopotential height show similar 
structures, especially over the southern Pacific Ocean and 
South America, which may indicate that the variability of 
fronts controls the variability of precipitation. The lagged 
regression of the time series of the frontal activity areally-
averaged over one of the centers of action against the fron-
tal activity anomaly field shows at lags −8 and 8 a similar 
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the main mode of intraseasonal variability. Recently, Alva-
rez et al. (2014) have identified the intraseasonal modes 
of variability for winter of the outgoing longwave radia-
tion (OLR) for southeastern South America (SESA) and 
found two main modes explaining approximately 34 % of 
the total variance. The first one shows the main signal in 
an extended area, which includes Bolivia Paraguay, north-
ern Argentina and southern Brazil, the second displays the 
main centre over east of Uruguay and south Brazil and 
another centre of opposite sign extended from the Amazon 
region to the southeastern Brazil.

It is extensively known that the precipitation variability 
over South America is conditioned by the atmospheric cir-
culation variability of the SH; there are numerous studies 
that confirm this relationship (Mo and Higgins 1998; Lieb-
mann et al. 1999; Cunningham and Cavalcanti 2006; Sol-
man and Orlanski 2010; Gonzalez and Vera 2014; Alvarez 
et al. 2014; among others).

On the other hand, it is known that precipitation at high 
and subtropical latitudes of the SH is much related with the 
frontal activity, especially in austral winter. Fronts are the 
dynamic mechanism that triggers the convection and thus 
the subsequent precipitation (Bjerknes and Solberg 1922; 
Browning and Roberts 1994). Recently, Catto et al. (2012) 
found that the midlatitudes regions of the SH are one of the 
regions where most precipitation is associated with fronts. 
At the regional scale, Pook et al. (2006) showed that 41 % 
of total precipitation during July over southern Australia 
is due to frontal activity. Recently, Solman and Orlanski 
(2014) have documented that the poleward shift of the fron-
tal activity in the SH is consistent with the midlatitudes 
drying and high-latitude moistening, showing a strong rela-
tionship between fronts and precipitation.

Fronts are meteorological systems that are a consequence 
of the high frequency variability of the atmospheric circula-
tion. In particular, in the SH there are several studies that doc-
ument this relationship (Kidson and Sinclair 1995; Berbery 
and Vera 1996; Cavalcanti and Kayano 1999). Moreover, the 
synoptic scale activity is modulated by low frequency vari-
ability patterns. For example Vera (2003) relates the interan-
nual variability of storm-tracks with the low frequency vari-
ability patterns. Therefore, knowing the main intraseasonal 
modes of variability of the atmospheric circulation, the first 
question that is being addressed in this paper is: how do these 
patterns condition the fronts in the intraseasonal timescale? 
Furthermore, fronts and precipitation are much related, so the 
second question is: how does the variability of frontal activity 
impact the variability of precipitation?

Considering that frontal activity is the mechanism that 
controls the precipitation that in turn is conditioned by the 
atmospheric circulation, the main hypothesis in this study 
is that at intraseasonal timescales the variability of the large 
scale circulation controls the variability of the frontal activity 

that in turn affect the variability of precipitation. Here, the 
frontal activity is represented by the cyclonic feature of the 
frontal system. The main objectives of this paper are: (1) to 
identify the leading modes of variability of the frontal activ-
ity in the western SH; (2) to explore the relationship between 
the modes of variability of fronts with the modes of variabil-
ity of the large scale circulation; (3) to explore to what extent 
the main frontal activity modes of variability affect the pre-
cipitation anomalies over southern South America.

This paper is organized as follows: data and methodolo-
gies used in this study are presented in Sect. 2. The results 
are described in Sect. 3. Finally, a summary of the results 
and main conclusions are discussed in Sect. 4.

2  Data and methodology

Daily data from the European Centre Medium Range 
Weather Forecasts (ECMWF) 40 year Reanalysis (ERA40) 
(Uppala et al. 2005) with 2.5° of resolution for the period 
1979–2001 was used in this study. In particular, geopoten-
tial height of 500 hPa, front-index (hereafter FI) and precip-
itation were used to analyse the variability of atmospheric 
circulation, frontal activity and precipitation in the SH, 
respectively. The FI was calculated in all grid points fol-
lowing Solman and Orlanski (2010), as the relative vorticity 
times the local temperature gradient at 850 hPa:

Solman and Orlanski (2014) showed that FI represents ade-
quately frontal systems in the SH. Moreover, the authors 
also remark that the percentage of precipitation associ-
ated with fronts ranges between 70 and 80 % at the extra-
tropical latitudes of the SH, in agreement with Catto et al. 
(2012). Precipitation data from the Climate Prediction 
Center unified gauge dataset (CPC-uni) (Xie et al. 2007) 
on a 0.5° grid was also used. The reason for using two dif-
ferent datasets for precipitation is that there is no observed 
gridded daily dataset covering both oceanic and land areas 
for the period used in this study. That is why ERA40 rea-
nalysis was used in calculations which involve both ocean 
and land data, while CPC-uni was used only when land data 
was required. A comparison between the two precipitation 
datasets was performed for southern South America. Both 
ERA40 and CPC-uni agree on the spatial pattern of mean 
precipitation during the SH winter, with a maximum over 
SESA and southern Chile (not shown). Additionally, and in 
order to check for consistency in the variability of rainfall 
from the two datasets, a power spectrum of the time series 
of precipitation over the regions where maximum precipita-
tion were identified was calculated and it was found that 
the two datasets agree on the main features of the spectra 
(not shown).

FI = |∇T850 hPa| × ξ850 hPa
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This study was performed during austral extended winter: 
May, June, July and August (MJJA). Daily anomalies were 
computed by subtracting the monthly mean climatology 
from the raw data. In particular, the FI anomalies were cal-
culated using only cyclonic values. Positive (negative) val-
ues of FI anomalies indicate more (less) frontal activity than 
the average, associated with their intensity and/or frequency. 
Then the anomalies were filtered using a Lanczos filter with 
501 daily weights (Duchon 1979) to isolate the intraseasonal 
timescale retaining periods between 11 and 60 days.

The Empirical Orthogonal Function (EOF) technique 
was used to detect the leading modes of variability of FI 
in the SH, from 70°S to 15°S. It is worth to mention that 
some factors may limit the physical interpretation of EOFs: 
the domain dependence of the derived patterns (Richman 
1986) and the spatial orthogonality of the modes (Han-
nachi et al. 2007). Therefore, some sensitivity tests were 
performed to explore the robustness of the leading modes 
identified, not only with respect to its dependence on the 
domain size but also to explore the orthogonality problem. 
First, the EOF of FI was computed over the entire domain; 
the largest amplitude of the leading modes was located 
over the western part of HS (not shown). The calculation 
was repeated over a reduced domain covering the western 
Hemisphere (180°W to 0°) and the patterns identified were 

similar to those found for the large domain. Regarding the 
orthogonality constraint, the Rotated EOF (REOF) over the 
reduced domain was also computed and the results were 
close to those found in the previous analysis. Therefore, 
the leading modes of the FI were computed for the reduced 
domain with non-rotated EOFs. The leading modes of the 
500 hPa geopotential height anomalies were also computed 
for the whole SH.

To evaluate the relationships among FI, geopotential 
height and precipitation anomalies, lagged regressions 
and correlations were calculated. A Fisher test was imple-
mented to evaluate the statistical significance of the corre-
lation coefficients using 500° of freedom and a confidence 
level of 95 %. It is worth noting that the number of days 
in one extended winter (MJJA) multiplied by 23 years is 
2829, however, to avoid dependence of data, the total num-
ber of days was divided by five (decorrelation time).

3  Results

3.1  Intraseasonal variability patterns of FI

As it was mentioned previously, the main objective of this 
paper is to analyse how the variability of the frontal activity 

Fig. 1  Regression of the front-
index anomaly field against the 
first (a) and second (b) PCs of 
front-index calculated with the 
filtered (11–60 days) anomalies. 
Dots mean 95 % confidence 
level, according a Fisher test. 
Units are 1.e10 °C m−1 s−1
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is modulated by the variability of the atmospheric circu-
lation and in turn how the fronts affects the precipitation 
anomalies at the intraseasonal timescale. The first step is 
to identify the main modes of variability of the FI on the 
11–60 days timescale. Second, the way those modes are 
conditioned by the intraseasonal variability of the atmos-
pheric circulation (represented by the 500 hPa geopoten-
tial height anomalies) is analysed and finally how pre-
cipitation anomalies are affected by this relationship it is 
explored. Accordingly, Fig. 1 displays the regression of the 
filtered first two principal components (PC) of FI against 
the FI field over the SH. These two leading modes explain 
12.77 % of the total variance (6.57 and 6.20 % the first 
and second mode, respectively). It can be seen in Fig. 1a 
that most of the signal in the first mode is located in the 
southern part of the domain with three well defined cen-
tres alternating positive and negative values, all statistically 
significant with a confidence level of 95 %. One of the cen-
tres of action is located in the south-eastern Pacific sector 
(95°W–65°S). Solman and Orlanski (2010) identified a 
quasi-stationary high pressure anomaly over the south-east-
ern Pacific Ocean, which may inhibit the frontal activity, in 
agreement with the negative FI anomaly displayed in the 
figure. Fronts that grow up along the Pacific storm-tracks 

weaken due to the presence of the high. In fact, the regres-
sion of PC1 of FI against the 500 hPa geopotential height 
anomalies confirms this behaviour (not shown). The second 
leading mode (Fig. 1b) displays a similar pattern compared 
with the first one, but in quadrature with the first mode. 
The regression of PC2 of FI against the 500 hPa geopoten-
tial height anomalies (not shown) displays positive height 
anomalies located where FI anomalies are negative and 
vice versa. In summary, FI anomalies are anti correlated 
with 500 hPa height anomalies.

The EOF of the 500 hPa geopotential height anomalies 
was also calculated in order to analyse the relationship with 
the frontal activity. The main modes of the intraseasonal 
500 hPa geopotential height anomalies (not shown) display 
the typical structures: the SAM (first mode) and the PSAs 
(second and third modes, respectively). The regression of 
the second and third PCs of the 500 hPa geopotential height 
with the FI anomalies is shown in Fig. 2. It is interesting 
to note that this Figure is very similar to Fig. 1, suggesting 
that the modes of variability of FI are conditioned by the 
variability of the 500 hPa geopotential height field. Com-
paring Figs. 1 and 2, it is important to note that the second 
(first) mode of FI variability displayed in Fig. 1b (Fig. 1a) 
is similar to the regression between the PC associated to 

Fig. 2  Regression of the front-
index anomaly field against 
second (a) and third (b) PCs 
of 500 hPa geopotential height 
calculated with the filtered 
(11–60 days) anomalies. Dots 
mean 95 % confidence level, 
according a Fisher test. Units 
are 1.e10 °C m−1 s−1
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PSA1 (PSA2) with the FI anomalies displayed in Fig. 2a 
(Fig. 2b but with opposite sign). The result reinforces the 
control exerted by the variability of the large scale circu-
lation on the variability of the frontal activity. The agree-
ment between the spatial structure of the main modes of 
variability of FI and the regression between FI anomalies 
and the PSA modes of 500 hPa geopotential height sug-
gests that the variability of the large scale circulation may 
exert a control on the variability of the frontal activity, one 
of the hypothesis posed. The question now is how could 
the variability of the frontal activity affect the precipita-
tion variability? To explore this relationship, the precipi-
tation anomalies were regressed with the PCs of the FI. 
Results are shown in Fig. 3. The modes of variability of the 
FI have associated precipitation anomalies over part of the 
SH, most of them statistically significant with a confidence 
level of 95 %. Moreover, the largest precipitation anoma-
lies associated with FI are located over southwestern South 
America where the FI variability has the largest signal as 
well. Furthermore, by comparing this figure with Fig. 1 
it can be seen that positive (negative) values of the front 
index anomalies agree with positive (negative) values of 
precipitation anomalies. As expected, more (less) than aver-
age frontal activity leads to more (less) precipitation. Over 

the South American continent, Fig. 3 suggests an opposite 
behaviour of the precipitation anomalies over SESA and 
Southern Chile (SOCH). In summary, Fig. 3 describes how 
the variability of the frontal activity impacts on precipita-
tion and thus answers the second question that was posed in 
the Introduction.

Taking into account that the frontal activity variability 
is driven by the variability of the atmospheric circulation, 
hereinafter it could be of interest to check if the relation-
ship between the variability of 500 hPa geopotential height 
and precipitation has to do with fronts variability. Con-
sequently, Fig. 4 shows the regression of the PC of the 
500 hPa geopotential height with precipitation anomalies. 
It can be seen that the anomalies of precipitation associated 
with the variability of geopotential height are very similar 
to those associated with the variability of FI pointing out 
that the atmospheric circulation variability controls the var-
iability of the frontal activity which affects the precipitation 
anomaly pattern.

3.2  Temporal evolution of main modes of FI

As it was mentioned previously, the modes of variability 
of the FI on the intraseasonal timescales are in quadrature. 

Fig. 3  Same as Fig. 1 but for 
the precipitation anomaly field. 
Dots mean 95 % confidence 
level, according a Fisher test. 
Units are mm day−1



2332 J. Blázquez, S. A. Solman

1 3

This could suggest they may be temporally related. In order 
to explore this behaviour the lagged correlation between 
PC1 and PC2 of the FI was calculated and it is shown in 
Fig. 5. It can be seen that effectively the two modes of 

variability are related. Moreover, the maximum and mini-
mum correlation coefficients between the two time series 
are found at lags 4 and −4, respectively, suggesting a pro-
gression of the FI anomalies towards the east. The figure 
also shows that the period of each mode is approximately 
17 days. This behaviour is much related with that found by 
Mo and Higgins (1998) (hereinafter MH), but for the PCs 
of PSA1 and PSA2 patterns. It is worth to remind that the 
atmospheric circulation variability influences the variability 
of frontal activity, thus the similarity with MH is expected. 
Moreover, the power spectrum of the PC1 and PC2 of the 
FI (not shown) display a pick around 17 days, in agreement 
with results found by MH and by Robertson and Mechoso 
(2003). The former study identified the PSAs patterns using 
a 10-days low-pass filtered 200 hPa eddy streamfunction 
anomaly and found a peak in the spectrum in the band 
16–18 days; the second found a peak in 15 days, but for 
10-days low-pass filtered anomalies of 700 hPa geopoten-
tial height.

The temporal behaviour of the two main modes of FI 
can be explored in Fig. 6, which shows a lagged regres-
sion analysis between FI averaged in a box centred in 
65°S and 95°W (hereafter FI95, displayed in Fig. 1) and 
FI anomaly field. The box for the FI95 time series is 

Fig. 4  Same as Fig. 2 but for 
the precipitation anomaly field. 
Dots mean 95 % confidence 
level, according a Fisher test. 
Units are mm day−1

Fig. 5  Lagged correlation between PC1 and PC2 of front-index. 
Dash lines indicate 95 % confidence level, according a Fisher test
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located over the centre of action of the first mode of FI. 
The regression at lag 0 shows a pattern similar to the first 
mode of FI (Fig. 1a) but with opposite sign suggesting 
that the time series of the box FI95 is a good representa-
tion of the behaviour of PC1. For lags −4 and 4 the pat-
tern is similar to the second mode of FI, while both lags 
−8 and 8 resemble the first mode. The progression from 
lag −8 to lag 8 shows a sequence of the spatial pattern 
of FI anomaly field, where modes 1 and 2 alternate each 
approximately 4 days and positive and negative phases of 
the same mode alternate each 8 days. Note that at lags −8 
and 8 the pattern is repeated, suggesting that the total cycle 
is completed in around 17 days. This analysis supports 
the period of around 17 days of mode 1 discussed above. 
Moreover, inspection of Hovmöller diagrams of lagged 

correlations between the FI95 time series and the FI anom-
alies averaged over two latitudinal bands (65°S–45°S and 
70°S–50°S, not shown), suggest a wave packet of fron-
tal activity characterized by a downstream development 
from 170°W to 20°E with a temporal duration of around 
16–17 days, in agreement with the behaviour mentioned 
previously.

To explore how this temporal evolution affects the 
precipitation anomalies over the SH, a lagged regression 
analysis was performed between the time series of FI95 
and the precipitation anomaly field, displayed in Fig. 7. 
The first thing to note is the Rossby wave-like pattern in 
the anomaly precipitation field. At lag 0 it is shown that 
the precipitation anomalies depict a similar structure to 
that found in Fig. 3a, but with opposite sign. Furthermore, 
at lag −4 the pattern is similar to the pattern shown in 
Fig. 3b. Note that for lags −8 and 8 the patterns of pre-
cipitation anomalies in the vicinity of the South American 
continent show a similar structure, suggesting once more 
a 17-days period in the precipitation anomalies associated 
with the frontal activity. Moreover Alvarez et al. (2014) 
also found a 17-days period for the precipitation anoma-
lies over SESA associated with the leading mode of the 
outgoing long-wave radiation (OLR) at the intraseasonal 
timescales for winter. Moreover, in Fig. 7, from lag −8 
to lag 8 it can be distinguished over South America an 
opposite pattern between SESA and SOCH (Southern 
Chile). To explore the connexion between these regions, 
areal average of precipitation over SESA and SOCH were 
calculated (the boxes corresponding to SESA and SOCH 
regions are shown in the panel corresponding to lag 0 of 
Fig. 7). Figure 8 displays the lagged correlation between 
FI95 and filtered precipitation anomalies in SESA and 
SOCH. In this case, precipitation anomalies were cal-
culated using CPC-uni data, because the boxes of pre-
cipitation are defined over land. It is worth to note that 
correlation was also done using ERA40 reanalysis and 
the result was very similar. The first thing to note is that 
precipitation anomalies associated with the frontal activ-
ity over the south-eastern Pacific Ocean in the two regions 
are in opposite phase, confirming the behaviour shown in 
Fig. 7. When FI95 is positive there is a maximum corre-
lation with the precipitation anomaly over SOCH and a 
maximum anticorrelation with precipitation over SESA 
region at lag 3. This pattern reverses at lag 10.This behav-
iour suggests that the precipitation anomalies over these 
two regions are consistent and controlled by the progres-
sion of the frontal activity. In order to confirm the behav-
iour of the pattern of the precipitation anomalies, an EOF 
analysis was performed on the precipitation anomaly 
field over southern South America. The first three modes 
display opposite signs in these regions (not shown) and 
explain 19 % of the total variance. To further analyse 

Fig. 6  Lagged regression of the front-index anomaly field against 
the filtered (11–60 days) time series of FI95 from lag −8 to 8 days. 
Dots mean 95 % confidence level, according a Fisher test. Units are 
1.e10 °C m−1 s−1
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the relationship between precipitation anomalies at both 
SESA and SOCH regions at the intraseasonal timescale, 
lagged correlations were calculated. Results are shown 
in Fig. 9. The maximum negative correlation is found in 
lag 0, indicating that both regions are in opposite phase. 
Given the evidence discussed previously, this behaviour 
may be due to the frontal activity. It is worth to note that 
every 16–17 days the precipitation anomalies in SESA 
and SOCH are positively correlated, suggesting that posi-
tive anomalies over SESA occurs close to 7 days before 
and 8 days after positive anomalies occur over SOCH. 
This period matches with that found in Fig. 7, where 
every 17 days (approximately) the pattern of the precipi-
tation anomalies field influenced by the FI anomaly in 
FI95 region is repeated.

4  Summary and conclusions

The main objective of this paper is to analyze the variabil-
ity of the frontal activity in order to better understand its 
relationship with the large-scale atmospheric circulation 
and precipitation variability at the intraseasonal timescale 
(11–60 days). The analysis is focused on the SH winter 
season, due to wintertime precipitation over subtropical 
to high latitudes is mostly triggered by fronts (Catto et al. 
2012).

Fig. 7  Same as Fig. 6 but for the precipitation anomaly field. Dots 
mean 95 % confidence level, according a Fisher test. Units are 
mm day−1

Fig. 8  Lagged correlation between the filtered (11–60 days) time 
series of FI95 and time filtered (11–60 days) series of precipitation 
in SESA (blue line) and SOCH (red line). Dash lines indicate 95 % 
confidence level, according a Fisher test

Fig. 9  Lagged correlation between filtered (11–60 days) time series 
of precipitation in SOCH and filtered (11–60 days) time series of 
precipitation in SESA. Dash lines indicate 95 % confidence level, 
according a Fisher test
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The frontal activity is represented by the FI, introduced 
by Solman and Orlanski (2010) and the 500 hPa geopoten-
tial height is used to characterize the large-scale atmos-
pheric circulation. An EOF analysis was applied to the fil-
tered anomalies of FI in order to identify the main patterns 
of variability at the intraseasonal timescales. The two lead-
ing modes of FI showed centers of positive and negative 
values located over the high latitudes of SH, especially over 
the southern Pacific Ocean and the south-western Atlantic 
sector. Moreover, the regression between the PCs of the 
filtered 500 hPa geopotential height anomaly field (the so-
called PSAs modes) and the FI anomaly field shows a pat-
tern which resembles the main modes of variability of FI, 
suggesting that variability modes of FI are influenced by 
intraseasonal variability of the large scale circulation, i.e. 
frontal activity is controlled by the atmospheric circulation. 
It was also found that precipitation anomalies are affected 
by the intraseasonal variability of fronts: positive (negative) 
anomalies of the FI match with positive (negative) anoma-
lies of precipitation, indicating that the variability of fronts 
impacts on the variability of precipitation. Moreover, pre-
cipitation anomalies projected onto PCs of both FI and the 
500 hPa showed similar structures. These results may be 
considered as evidence for supporting the hypothesis posed 
in the Introduction section: the intraseasonal variability of 
the frontal activity is influenced by the intraseasonal vari-
ability of the atmospheric circulation and in turn affects the 
variability of precipitation at these timescales.

Furthermore, the two main modes of variability of FI 
are in quadrature and temporally related. This behavior is 
supported by a lagged regression analysis showing that the 
first and second modes alternate each other every 4 days 
and positive and negative phases of the same mode alter-
nate every 8 days, approximately, suggesting a period of 
around 17 days. Additionally, the lagged correlation between 
the PCs of the first and second modes of FI also suggests a 
17 days period for each FI mode, agreeing with results found 
by MH, but for the PCs of PSA1 and PSA2. It was also 
found that frontal activity develops within a wave-packet 
characterized by a downstream development with duration 
of around 16–17 days. The lagged regression between the 
FI95 time series (calculated as an area average of FI over 
one of the centers of action) and precipitation anomalies over 
the SH showed that the precipitation anomaly field associ-
ated with frontal activity variability is repeated around every 
17-days (especially in the vicinity of South America). This 
result is in agreement with those found by Alvarez et al. 
(2014), who identified a 17-days period in the precipitation 
anomaly field, but regressed against OLR. Inspection of the 
sequence of regression maps from lags −8 to 8, an opposite 
pattern between SESA and SOCH regions was found in the 
precipitation anomaly field. Furthermore, lagged correlation 
between time series of FI95 and time series of the average 

precipitation anomalies in SESA and SOCH confirms the 
opposite behaviour in both regions. This result suggests that 
precipitation anomalies over these two regions are controlled 
by the progression of the frontal activity. This opposite pat-
tern is also appreciated in the correlation between SESA and 
SOCH, where a maximum negative correlation was found 
at lag 0, reinforcing that precipitation over these regions is 
anticorrelated. Moreover, the maximum positive correlation 
between the two time series repeated every 16–17 days, sug-
gesting that the frontal activity is to a large extent responsi-
ble of this behaviour.

Overall this study suggests that the intraseasonal vari-
ability of the frontal activity over the SH during wintertime 
is conditioned by the variability of the atmospheric circu-
lation and in turn modulates the precipitation anomalies at 
this timescale. Moreover, the 17-days period highlighted in 
this study associated with the evolution of the frontal activ-
ity wave-packet, may be useful for extended range predic-
tion of precipitation anomalies in the region.

From these results and taking into account the numerous 
articles that relate the atmospheric circulation and precipi-
tation anomalies at the interannual timescales, this study 
will be extended to better understand to what extent the 
interannual variability of fronts may relate with the interan-
nual variability of precipitation over the SH.
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