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ABSTRACT

Climate variability at different scales of the atmosphere is a research field that
has received a very special interest in recent years. In this work we study the
temporal and spatial atmospheric circulation variability, through an analysis of
monthly anomalies for the 850 hPa at three South America rawinsonde stations.

In particular, we analyze extreme anomalies in the eastern region of tropical
and extratropical South America, and its regional behaviour related to climatic change.
Also, a latitude-longitude comparison is presented.

For this study we use rawinsonde data from Argentina (Cérdoba and Ezeiza)
and the south of Brazil (Galedo) spanning the period January 1973 - October 2005
and covering an area of interest limited by the latitudes 20° S and 40° S. The two
former stations represent the extratropical region, while the latter represents the
tropics. Geopotential heights obtained from the rawinsondes are the variables used in

this analysis.

The methodology used consists in the application of basic statistics parameters,
Fourier analysis, and a cluster analysis to classify the atmospheric circulation fields.

1. AIM

The aim of the present work is to
identify circulation patterns associated
with 850 hPa monthly mean geopotential
height extreme events, and to analyze the
possible relation between tropical and
extratropical regions.

2. DATASETS AND METHODOLOGY

This analysis has been based on
the Department of Atmospheric Science
(College of Engineering) of the University
of Wyoming rawinsonde database, which
is freely available to researchers.
Soundings taken at Galedo (SBGL)
(@p=22°48" S, A=43°15" 0Q), Codrdoba
(SACO) (@=31°19" S, A=64°13" 0O) and
Ezeiza (SAEZ) (p=349°49"' S, A=580932" O)

were used. Only soundings taken at 12
UTC were used. The dataset covers the
period January 1973 - October 2005.

First of all we calculate monthly
means for the complete period (i.e,,
climatic means) for the 850 hPa
geopotential height at all three stations
(Fig. 1). Once we have the monthly means,
we apply a harmonic analysis (Jenkins and
Watts, 1968) to them in order to
determine the mean annual evolution. The
obtained harmonics show that the annual
wave dominates at SBGL with 93% of
explained variance. At the other two
stations the dominant wave is the
semiannual one, with 93% of explained
variance at SACO, and 92% of explained
variance at SAEZ. This could be easily
observed by looking at Fig. 1.

: Corresponding author address: Adrian E. Yuchechen, Programa de Estudios de Procesos Atmosféricos en el
Cambio Global (PEPACG), UCA/CONICET, Cap. Gral. Ramodn Freire 183, C1426AVC, Buenos Aires, Argentina

e-mail: aey@uca.edu.ar

1635



Proceedings of 8 ICSHMO, Foz do Iguacu, Brazil, April 24-28, 2006, INPE, p. 1635-1646.

1600

1550 1

Geopotential height (m)

1450 \ \ ‘ ‘ ‘ ‘

1500 aM.

—e— SBGL
! —8—SACO
—s—SAEZ

Month

Fig. 1 - 850 hPa climatic geopotential height monthly means

Using the obtained harmonics, we
build for each station the mean annual
evolution by including all significant
harmonics explaining more than 90% of
the variance. According to Fig. 1 these
basically correspond to the annual one for
SBGL and to the semiannual one for the
other two stations. We then subtract this
from every monthly mean, just to obtain
the height monthly mean anomalies for

70

the full period, thus removing the
deterministic component included in the
raw data. Hence, we obtain the 850 hPa
geopotential height anomaly time series
that will be studied (Fig. 2). These
monthly mean anomalies time series have
a missing data maximum at SACO (10%)
and a minimum at SAEZ (3% of missing
data).
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Fig. 2 a) - 850 hPa geopotential height monthly anomalies time series at SBGL
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Fig. 2 b) - Same as Fig. 2 a) but for SACO
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Fig. 2 c) - Same as Fig. 2 a) but for SAEZ

A way to compare the behaviour of of plots in Fig. 3 show the frequency
the anomalies at each station is to use the  distribution for the sequence of positive
empiric distribution function obtained from  and negative anomalies in each case. The
the sequences of months with equal sign maximum number of anomalies with the
of anomaly. We must keep in mind that same sign reaches no more than nineteen
the lack of data limits the results. The set  consecutive months at all three stations.

Number of cases

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Consecutive months

B SBGL BSACO BSAEZ

Fig. 3 a) — Frequency distribution for consecutive months with positive values of 850 hPa geopotential height
monthly mean anomaly
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Fig. 3 b) — Same as Fig. 3 a) but for negative anomalies

In all cases the frequency
distribution has a decreasing exponential
shape whether the anomalies are positive
or negative. The decrease from a single
month with the anomaly of some sign to
two consecutive months with the same
anomaly sign is fastest at SBGL. At the
extratropical stations this decrease is
slowler, meaning that the interannual
variability is not as important as in SBGL.

Once we have 850 hPa level
monthly mean anomalies for each station,
we classify them by a quintile method
classification. To deal with extreme events
we have to give special attention to the
first and the last quintiles. We will study
the behaviour of the 500, 300 and 100
hPa levels at all the three stations when
an extreme event occurs at the 850 hPa
level.

Those months classified as extreme
events are used to select the
corresponding monthly mean anomalies
fields from the NCEP/NCAR reanalysis
database™ (Kalnay et al., 1996). These
fields are to be used for the Principal
Component Analysis (PCA). Our area of
interest is located in latitudes within 100 -
600 S and longitudes within 20° - 120° O.
We use the Principal Component Analysis
method in mode T, using the correlation
matrix as the input (Green et al., 1978;

: See http://www.cdc.noaa.gov/Composites/Day/

Richman, 1986; Salles et al., 2001). The
fundaments of this methodology can be
found in Richman (1986). Each subset is
analyzed independently from the others.

3. RESULTS

3.1 Principal components and
vertical structure

Table I shows the explained
variances for each of the first five
extracted components.

PC | SBGL | SACO | SAEZ
1 28.52 | 31.58 | 31.26
2 20.12 | 21.62 | 18.68
3 15.73 | 14.22 | 12.81
4 11.52 | 10.41 9.98
5 7.94 6.64 9.18

Table I a) - Explained variances (%) for the first five
components of the first quintile

PC | SBGL | SACO | SAEZ
1 29.11 | 29.52 | 29.92
2 20.51 | 24.10 | 21.81
3 13.25 | 14.53 | 15.84
4 10.90 | 10.43 9.72
5 8.24 7.73 8.50

Table I b) - Same as Table I a) but for the last
quintile
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There are no important changes if
we compare the explained variance for
each of the first five components along the
stations. However, it is important to
mention that the first component of the
first quintile explains a little more variance
in SACO and SAEZ than in SBGL. In other
words, the main structure of the field of
extreme events anomalies is best
explained by the first component at the
two extratropical stations. This feature
doesn’t repeat for the higher order
components. As to the last quintile, the

first component has a more homogeneous
explained variance at all three stations.
The set of plots in Fig. 4 show the
first component for the 850 geopotential
height monthly mean anomalies included
in the first quintil. They also show the 850
hPa monthly mean anomalies field having
the maximum correlation found (either
maximum or minimum) with the first
component, and the monthly mean
anomalies fields for the 500, 300 and 100
hPa levels for the same month.
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Figure 4 a) — PC1 extracted from the first quintile extreme events for 850 hPa monthly mean geopotential
height anomalies at SBGL (top). It also shows the monthly mean geopotential height anomalies fields for
October 1973: 850 hPa (centre left), 500 hPa (centre right), 300 hPa (bottom left) and 100 hPa (bottom right).
The correlation between the first component and the field of 850 hPa is the maximum found and equal to 0.92
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Comparing the first component and
the 850 hPa field in Figure 4 a) we see
that the first component is related to the
presence of four systems at 850 hPa. Two
of them represent low pressure systems
(one located to the east of the Brazilian
coast and the other to the southwest of
the Chilean coast) and the other two
representing high pressure systems

(located to the east of the argentine coast
and to the west of the Chilean coast).
These systems depict a col (WMO, 1992)
over the southern Pacific Ocean, west of
the Chilean coast. It can be seen that the
same structure also appears in the other
fields, with maximum anomalies located al
the 100 hPa level.
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Figure 4 b) - Same a Figure 4 a) but for SACO (November 2002); the correlation between the first component
and the field of 850 hPa geopotential anomalies for this date is the maximum found and equal to 0.92

Figure 4 b) represents two opposite
systems in both sides of southern South
America, south of 35° S: a ridge to the
west, over the Pacific Ocean, and a low
pressure system to the east, over the

Atlantic Ocean. Again, the system
structure with height resembles the 850
hPa field, and maximum values of
anomalies are reached at the 100 hPa
level.
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Figure 4 c) — Same a Figure 4 a) but for SAEZ (April 1990),; the correlation between the first component and
the 850 hPa field is the maximum found and equal to -0.98

In Figure 4 ¢) we can see that the
synoptic situation in southern South
America is similar to that shown in Figure
4 b), but with more intense systems.
There is present a low pressure system
located to the southeast of the Argentine
coast, with its center located over the
Southern Georgias Islands, and a high
pressure system located to the southwest
of the Chilean coast, over the southern
Pacific Ocean. The vertical structure
resembles the 850 hPa field but this time
the maximum values of anomalies are

reached at both the 300 and 100 hPa level.

Moreover, the anomalies present in this
set of maps are the strongest ones.

It can be inferred that the
circulation field anomalies depicts a zonal

high-low pressure dipole south of 359 S
for those months associated with the PC1
for both extratropical stations. However,
those months associated with the PC1 at
SBGL shows the inverted pattern, giving a
typical situation of blocking in the
southern Atlantic Ocean (Grandoso and
Nufiez, 1955; Trenberth and Mo, 1985;
Berbery and Nufiez, 1989; Sinclair, 1996;
Canziani et al., 2002).

3.2 Interanual variability

This section studies the monthly
variability of the extreme circulation
patterns. Tables that show the distribution
of the best relationship between the 850
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hPa level monthly mean anomalies
geopotential height and the first five
principal components were built to this
purpose. The Table II set shows those
months associated to each one of the first
five principal components. Only extreme
events for which the PC Joading exceeds
0.7 are considered significant. Table II a)
shows months included in the last quintile

with significant loadings for SBGL. A
number from 1 to 5 indicates that that
month is significant related to the
component. Months marked with an “X”
means that that month is not related to
any of the first five principal components.
Finally, those months with missing data or
not classified as an extreme event are left
blank.

Year | ENE | FEB | MAR | ABR

JUN | JUL

AGO | SEP V | DIC

1973 1

1974 X X

1975

1976 1

1977 3

X

—
w|X|—|A[|X|O

—_

1978 X

<
N[ X[~ X[ X|>
<

1979 X X

1980

1981 2

1982 X

1983

1984

1985 | X

1986

1987

XXX

1988

1989 X X

1990 X

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000 | X 1

2001 X

2002

2003

2004

2005 ] X X

Table II a) - Months associated with any of the first five principal components for the first quintile at
SBGL

It can be seen from Table II a) that
there is a prevalence of highest order
components at the beginning of the period
for the extreme events included in the first
quintile. The opposite situation takes place
when we analyze the last quintile (Table II

b), where higher order components
appear important in the second half of the
period. Furthermore, first quintile events
are more common before 1990 and last
quintile ones are more common after that
year.
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Year | ENE | FEB | MAR | ABR | MAY

JUN | JUL

AGO | SEP | OCT | NOV | DIC

1973 | X

1974

1975

1976

1977 X

1978

1979

1980 X

1981 | X

1982

1983

X[ | XIN

1984 | 4

1985

1986

1987 X

1988

1989

1990

1991

1992

1993 | X

N [ X

1994

1995 | X

1996

=X W

1997

A
XX | = [ XXX

1998 | 2

N [X[X[|X|X|N|N [~ X

1999 | X

X
x

2000

2001 | X 2

2002 1

2003 1 X

X

2004

2005

2

Table II b) - Same a Table II a) but for the last quintile

Thus, the methods applied show an
important increase of extreme high events
and a decrease of extreme low events
since 1990 at SBGL, and SACO shows a
similar behaviour. However, SAEZ
presents a homogeneous distribution of
extreme high and extreme low events for
the full period (SACO and SAEZ tables not
shown).

3.3 850 hPa geopotential daily
anomalies
The aim of this section is to

improve the understanding on the
behaviour of the 850 hPa geopotential

height daily anomalies at SAEZ. For this
purpose we include the daily anomaly
fields corresponding to the two months
with lowest monthly anomaly values in the
first quintile (June 1997, June 1982) and
the two months with highest monthly
anomaly values in the last quintile (May
1996, May 2004). From now on we will
call EH (extreme high) to the first set and
EL (extreme low) to the last one. We
analyze those sets independently from
each other by a Principal Component
Analysis. Table III show the explained
variance for each of the extracted
components for both sets.

1643



Proceedings of 8 ICSHMO, Foz do Iguacu, Brazil, April 24-28, 2006, INPE, p. 1635-1646.

PC EL EH

1 | 32,32 | 29,34
2 | 21,12 | 24,04
3 | 16,64 | 15,89
4 7,23 9,41
5 5,08 5,61

Table III - Explained variances for the first five
principal components extracted for the EL and EL set

Fig. 5 shows PC1 for the EH set and
the anomalies field for the day with better
correlation with it (1 May 1996). The
synoptic situation depicted shows a low-
high pressure quasi zonal dipole south of
309 S. Hence, PC1 is related to winds

blowing from the south at SAEZ.

Fig. 5 - PC1 for the EH set (left) and anomalies field for 1 May 1996 (right); the correlation between PC1 and
the anomalies field is the maximum found and equal to 0.83

Fig. 6 shows PC2 and the
anomalies field having better correlation
with it. The synoptic situation shows two
low pressure systems located over the
oceans and a system of high pressure

between them. The circulation pattern
depicted gives winds blowing from the
west-southwest at SAEZ, a well known
regional phenomenon called “"Pampero”.
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Fig. 6 — PC2 for the EH set (left) and anomalies fields for 30 May 2004 (right),; the correlation between PC2
and the anomalies field is the maximum found and equal to 0.83

Fig. 7 shows PC1 for the EL set. As
usual, PCl depicts two systems of
opposite sign. The low pressure system is
located over the southern Pacific Ocean,
whilst the high pressure system is located

over the southern Atlantic Ocean. This
circulation pattern gives a wind blowing
from the southwest at SAEZ, already
mentioned as “Pampero”.
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Fig. 7 — PC1 for the EL set (left) and anomalies field for 22 June 1982 (right), the correlation between PC1 and
the anomalies field is the maximum found and equal to -0.90

The circulation pattern shown in Fig.
8 corresponds to PC2 for the EL set and
depicts a high pressure system over the
southern extreme of the continent and

two low pressure systems located each
one over each ocean. PC2 resembles the
way high pressure systems usually crosses
the Andes easterly.
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Figure 8 — PC2 for the EL set (left) and anomalies field for 16 June 1982 (right); the correlation between PC2
and the anomalies field is the maximum found and equal to -0.84

4. CONCLUSIONS

As to the anomalies time series, it
can be seen the appearance of a change
of sign at SBGL and SACO from 1990
onwards. This phenomenon is not
observed at SAEZ. To the scale of analysis
of this work, it could be inferred that SBGL
and SACO are driven by the same
dynamic  conditions. This can be
associated to variations in the behaviour
of the patterns representing each of the
months, already analyzed (Tables II a, b).
This could be due to the southward
displacement of the semi permanent
South Atlantic anticyclone (Escobar et al.,
2004). The authors will keep on
researching about the relation between
the change of sign of the anomalies and
the displacement of the semi permanent
South Atlantic anticyclone.

As to the analysis of the extreme
low 850 hPa geopotential height monthly
anomalies, PCls explains no less than
28% of the variance at all three stations.
If we compare the PCls obtained we note
that there are present two different
regimes: one tropical and one extra
tropical. Regionally, to first approximation
both regimes are well described by a
dipole. When analyzing SBGL, this dipole
can be associated with blocking situations
at the southern extreme of the continent.
Analyzing the extra tropical stations this
dipole appears inverted. Moreover, this
behaviour repeats with height.
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