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OCEANIC INDICES AND THEIR RELATIONS WITH THE MONTHLY PRECIPITATION
IN RIO GRANDE DO SUL STATE, BRAZIL

Eliane Barbosa Santos' and Gilberto Barbosa Diniz?

ABSTRACT. Climatic indices were obtained from the Sea Surface Temperature (SST) in the Atlantic and Pacific oceans, available on the website of the Earth
System Research Laboratory (ESRL), which belongs to the Physical Science Division (PSD) of the National Oceanic and Atmospheric Administration (NOAA). These
indices were created to represent the variations of SST in the Southwest Atlantic, Equatorial Pacific and South Pacific, with the aim of studying their influence on precip-
itation variability in the state of Rio Grande do Sul (RS), Brazil. The precipitation dataset was obtained from the National Institute of Meteorology — Instituto Nacional de
Meteorologia (INMET — 8° Distrito de Meteorologia — Porto Alegre) and State Foundation for Agricultural Research — Fundacdo Estadual de Pesquisas Agropecuarias
(FEPAGRO). Afterwards, there were made cross-correlations between the indices, and correlations between the indices and the precipitations of the RS for the period
1948-2009. The precipitation correlations were simultaneous and lagged, with the indices preceding the precipitation up to 2 months, to determine the predictive power
of the indices, and estimate the evolution of this variable in the spatiotemporal domain. The index of the Southwest Atlantic SST was not significant for the precipitation
of RS in the months from November to February. The highest degree of association between the indices of the Equatorial Pacific and South Pacific with precipitation
were found in November. In general, it was observed that the significant coefficients in the simultaneous correlations remained until lag 2, i.e., the SST in the Equatorial
Pacific and South Pacific can be good predictors of the rain quality for the state of the RS, up to 2 months in advance.

Keywords: Equatorial Pacific, South Pacific, Southwest Atlantic, correlation analysis.

RESUMO. Foram determinados indices climaticos obtidos da Temperatura da Superficie do Mar (TSM) nos oceanos Atlantico e Pacifico, disponiveis na pagina da
internet do Earth System Research Laboratory (ESRL), pertencente a Physical Science Division (PSD) da National Oceanic and Atmospheric Administration (NOAA).
Esses indices foram criados para representar as variagdes de TSM no Atlantico Sudoeste e Pacifico Equatorial e Sul, com o objetivo de estudar suas influéncias na
variabilidade da precipitagdo do Estado do Rio Grande do Sul (RS). Os dados de precipitagdo foram obtidos do Instituto Nacional de Meteorologia (INMET, 8° Distrito
de Meteorologia — Porto Alegre) e Fundacdo Estadual de Pesquisas Agropecudrias (FEPAGRO). Posteriormente, foram realizadas correlacdes cruzadas entre os indices,
e correlagdes entre os indices e as precipitagdes do RS para o periodo de 1948-2009. As correlagdes com as precipitagdes foram simultaneas e com defasagem, com
os indices precedendo a precipitagdo em até 2 meses, para determinar o carater preditivo do indice em questao, e estimar a evolugdo dessa varidvel no dominio espaco-
temporal. O indice das TSM do Atlantico Sudoeste ndo foi significativo para as precipitagdes do RS nos meses de novembro a fevereiro. O maior grau de associagao entre
os indices do Pacifico Equatorial e Sul com as precipitages foi encontrado em novembro. No geral, foi observado que os coeficientes significativos nas correlagdes
simultaneas, permaneceram até o lag 2, ou seja, as TSM do Pacifico Equatorial e Sul podem ser bons previsores da qualidade da chuva para o Estado do RS, com até
2 meses de antecedéncia.

Palavras-chave: Pacifico Equatorial, Pacifico Sul, Atlantico Sudoeste, andlise de correlagdo.
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INTRODUCTION

The pluvial precipitation variability is considered one of the
greatest risks for agriculture in the state of Rio Grande do Sul
(RS), as a whole set of activities is closely associated to the plu-
vial regime and these activities are severely affected by extreme
gvents, like droughts or floods. The pluvial precipitation average
values in RS present regularities along the year, but large vari-
ations along them. Berlato et al. (1995) and Avila et al. (1996)
showed that there is a large interannual variability of this variable
which becomes the main limitative factor of the Spring-Summer
cultures that represent about 90% of the entire grain production
of RS.

To study the precipitation variability, it should be considered
the ocean influence, which is a determining role for the sensible
and latent heat flows, as these are the flows that provide humidity
and heat for the atmosphere and are essential for the convection
and precipitation patterns (Tao & Simpson, 1991). Many recent
studies provided evidences that the Atlantic and Pacific oceans
play a significant role on the climatic fluctuations that occur in the
South region of Brazil (Diaz et al., 1998; Grimm et al., 1998, 2000;
Cardoso & Silva Dias, 2004; Firpo, 2012). However, it is still little
known about how both ocean influences are developed and how
they can be explored to improve the climatic prognostic.

In this context, one of the most important variability scales
is the interannual. Most of the atmosphere variability is related
to the tropical oceans and the most important mode of the in-
terannual variability of the ocean atmosphere system is the El
Nifio-Southern Oscillation (ENSO) (Kayano & Andreoli, 2007).
The ENSO phenomenon effects are observed in global scale and
mainly alter the pluviometric and thermic regime in many regions
of the world (Ropelewski & Halpert, 1987; Kiladis & Diaz, 1989),
including RS, with a strong signal (Firpo, 2012).

The ENSO is an oceanic-atmospheric phenomenon that,
when the ocean interacts with the atmosphere, modifies the field
of atmospheric pressure at sea level and the wind field over the
Equatorial Pacific, changing their patterns in the regional and
global scales. The oceanic component is characterized by the Sea
Surface Temperature (SST) change in the Equatorial region of the
Pacific Ocean and presents two distinctive phases, called EI Nifio
and La Nifa.

Besides ENSO, other SST patterns also affect the climate
variability in RS. In this context, it is noteworthy the importance
of the Atlantic, specially the Southwest Atlantic (SWA). The SWA
stands out for the proximity to the RS state, extending along its
gast coast and being the route of the transient systems that af-
fect it (Pezzi et al., 2009). It is also one of the most energetic
ocean zones (Pezzi & Souza, 2009) as it is a cyclogenetic region

(Gan & Rao, 1991), where the Brazil-Malvinas confluence occurs
(Gordon, 1989), and an area where there is the presence of the
South Atlantic Convergence Zone (SACZ) (Kousky, 1988).

According to Diaz et al. (1998), SST positive (negative)
anomalies in the SWA are associated to precipitation positive
(negative) anomalies in the extreme south of Brazil and Uruguay.
However, Haylock et al. (2006) suggested that the SWA SST do
not present a direct relation to the precipitation extreme events
occurred over South America and Brazil.

The Equatorial Pacific SST during La Nifia events, regardless
the year season, are significantly associated to the SST below
the normal in the SWA. During El Nifio events, significantly in-
fluences with temperatures above the normal in the SWA were
observed in Summer (simultaneous) and in Autumn (1 quarter
lagged) (Silva, 2001).

Soppa et al. (2011) observed ENSO influences over the ther-
mic oscillations in the SWA. The results indicate a statistically
expressive time lagged correlation between ENSO and thermal
anomalies in the SWA, but without a direct association between
El Nifio (La Nifia) warm (cold) events and positive (negative) SST
anomalies. In general, the ENSO warm phase may cause an ex-
cess of precipitation in RS, and the opposite is expected during the
ENSO cold phase. Grimm et al. (1998, 2000) showed that the El
Nifio and La Nifa events significantly influence the seasonal pre-
cipitation in the south region of Brazil, specially during the Spring
and Autumn months, and, in the year after the ENSO warm events,
the precipitation anomalies may be influenced by the SWA SST.

The South Pacific SST may also affect the precipitation in RS.
According Cardoso (2005), the South Pacific SST anomalies, in
the South Pacific Convergence Zone (SPCZ) region, may act as
forcing and directly affect the precipitation regimes in the South
and Southeast of Brazil.

The precipitation behavior analysis may help in the diagnosis
of extreme precipitation events and contribute to a better strate-
gic planning; minimizing then the risk of occurring loses, espe-
cially in the productive sector (particularly those related to agri-
culture, generation and distribution of electric power industry).
Thus, the purpose of this paper is to study the influence of indices
obtained from the Pacific and Atlantic ocean SST in the pluvial
precipitation variability in the state of the RS and to analyze the
possibility of the pluvial precipitation predictability with some
months in advance.

METHODOLOGY
Datasets

The monthly precipitation dataset was obtained from the National
Institute of Meteorology — Instituto Nacional de Meteorologia
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Figure 1 — Spatial distribution and altitude (grey scale) of the meteorological stations of the state of the RS used in this paper.

(INMET — 8° Distrito de Meteorologia — Porto Alegre) and State
Foundation for Agricultural Research — Fundagdo Estadual de
Pesquisas Agropecudrias (FEPAGRO). These data are consistent
and the failures were filled up using statistical techniques, accord-
ing to the methodology proposed by Diniz (2002). It was used as
a criterion to choice the stations, the availability and uniformity of
long time series data, in the corresponding period from 1948 to
2009. As a result, 26 stations were selected (Fig. 1), distributed
in the state of the RS.

Besides the precipitation dataset, the SST data, spaced in a
2.0° x 2.0° grid, were used for both oceans, Atlantic and Pacific.
These data are available at the site of the Earth System Research
Laboratory (ESRL), which belongs to the Physical Science Divi-
sion (PSD) of the National Oceanic and Atmospheric Administra-
tion (NOAA).

Methods

To represent the variations of SST in the Southwest Atlantic,
Equatorial Pacific and South Pacific, SST monthly indices were
determined. Figure 2 shows the regions obtained for the indices
calculus.

Southwest Atlantic Index (SWAI): it was calculated using the
Southwest Atlantic region between 20°S to 40°S and 20°W to
60°W. This region was chosen based on the regions used in
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previous papers (Sansigolo et al., 2004; Cardoso, 2005; Pezzi
etal., 2009; Firpo, 2012).

Equatorial Pacific Index (EPI): the most used region for re-
search and monitoring of the Equatorial Pacific SST is the Nifio
3.4 region (Bunge & Clarke, 2009). Nifio 3.4 is, in general, cho-
sen due to, in this region, the SST variability possesses a strong
effect on the displacement of the Western Pacific precipitation
which in turn modifies the location of the heating source that
controls/modulates the general atmospheric circulation. Thus, the
index was obtained in the region corresponding to Nifio 3.4,
between 5°S to 5°N and 120°W to 170°W.

South Pacific Index (SPI): it was determined using the South
Pacific region between 20°S to 40°S and 130°W to 170°W, the
area corresponding to SPCZ (Barros & Silvestri, 2002; Firpo,
2012).

The indices were elaborated for the 1948 to 2009 period, cal-
culating the average and the standard deviation of the SST series
of each region. These deviations were standardized and consti-
tuted index time series, that is, to determine the indices it was
used the formula:

CEZ‘]' — CE]'

SI =

— )

where: SI = standardized index, x,;; = the value found for a
given year (¢) and month (5), ; = the average value for a given
month (5) and s; = standard deviation for a given month ().
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Figure 2 — Spatial domain of the used data, indicating the SST time series regions for the index calculus.

To verify the possibility of trend occurrence in the studied
time series (indices obtained from the SST and the precipitation
series), it was used the Mann-Kendall (MK) non-parametric sta-
tistical test, according to the methodology proposed by Sneyers
(1992). Goossens & Berger (1986) assert that the Mann-Kendall
test is the most appropriate method to analyze the climate changes
in climatologic series. However, it is needed to highlight that the
significative presence of seasonalities or autocorrelations affects
the sensitivity of this method (Hamed & Rao, 1998; Bayazit &
Ondz, 2007). The presence of these two factors amplify the prob-
ability of detecting false increasing trends (Blain, 2010).

The MK test considers that, in case of a time series stability,
the value succession occurs independently, and the probability
distribution must always remain the same (random and simple).
Among the benefits of using this method, it is the capacity to iden-
tify the trend direction and starting point. Besides, the data do not
need to belong to a specific distribution, and its result is not af-
fected by extreme values, since the calculus is based on the sig-
nal and not on the difference values of the test variable (Onéz &
Bayazit, 2003).

The time series randomness was evaluated by the non-test
of sequences of adherence to the normal distribution, called runs
tests, which checks whether the elements of the series are inde-
pendent of each other. Was adopted a 5% significance level for
the test. The non rejected series in these tests were submitted to
the MK test. For the rejected series in the Runs Tests, it was used
the Seazonal Mann-Kendall (SMK) test, the method proposed by
Hirsch et al. (1982) and Hirsch & Slack (1984) with the purpose
to adapt the MK for autocorrelated series, as well as to deal with
difficulties imposed by possible seasonalities.

Considering the 5% significance level, significative trends
were removed from the time series, making successive differences
of the original series.

To verify the dependence between the Pacific and Atlantic
ocean SST, simultaneous and lagged correlations, among the SST
indices, were performed. The SST indices were also usedto obtain
the monthly correlation with the standardized precipitation of the
26 meteorological stations of RS, in the months from November
to February, which are considered important months for the grain
production in RS. These climatic indices were correlated with the
precipitation in the same months, that is, with lag 0, the Novem-
ber pluvial precipitation with the November index and so on for the
other months. These simultaneous analyses are valid to identify
areas in the region that present greater relation with the index, but
do not indicate a pluvial predictability in these months. For this
reason, correlations with lags were also analyzed, with indices up
to 2 months ahead, i.e., preceding the precipitation, since an as-
pect that there is not a general agreement yet is which lag time, or
lag, would be in the response that the precipitation would present,
if it occurs SST changes in the Pacific and/or Atlantic.

For the correlation calculus, it was used the Pearson correla-
tion method, known as ordinary correlation or linear correlation,
which is a simple and efficient tool to estimate the relationship
ranking among any variables.

The correlation coefficient significance level was defined us-
ing the Student’s t test.

RESULTS AND DISCUSSION

In the study of the precipitation series of the 26 used station, the
trend (positive) was significant (at 5% level) for 15. For the series
of the indices obtained from the SST, all of them showed signifi-
cant trends (positive).

After removing the trends, the time series were used to obtain
relations among them. To show the relation between the SST of
the Pacific and Atlantic oceans, cross correlations among the in-
dices (SWAI, EPI and SPI) were performed. In Figure 3 it can be

Revista Brasileira de Geofisica, Vol. 32(3), 2014
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Figure 3 — Cross-correlation among the indices: (a) SPIand SWAI; (b) EPI and SWAI; and (c) EPI and SPI.

noticed that the SWAI showed low coefficients with the EPI and
SPlindices. lts values in the simultaneous and lagged correla-
tions were about —0.1 to 0.17. The indices that showed greater
coefficients of simultaneous and lagged correlation were the EPI
and SP!I. In the first EPI and SPI correlations with lags (lag —4
to lag 10), the values were negative, showing an inverse relation
among the indices, that is, the Equatorial Pacific SST anomalies
were positive (negative) when the South Pacific SST anomalies
were negative (positive).

In the positive lags, the EPI is lagged in relation to the SPI
and its highest coefficient was about —0.49 in the lags 2, 3and 4.
In the negative lags, the EPI is ahead in relation to the SPI and its
highest coefficient was about 0.29 in lags —10 and —11.

In Figures 4, 5 and 6 there is a spatial distribution of the
correlation coefficients, among the precipitations and the SWAI,
EPIand SPI indices, respectively. The shade highlights, through
Student’s t test, the regions with statistically expressive correla-
tions, at 5% significance level.

Brazilian Journal of Geophysics, Vol. 32(3), 2014

Although the SWAI represents a region near the state of the
RS and is also the route of the transient systems that affect it
(Pezzi et al., 2009), it was not representative for the precipitations
in RS in the months from November to February, showing few
significant coefficients (Fig. 4). The best results were found in the
simultaneous correlations in December and January.

In the correlations of the precipitation series with the EPI
(Fig. 5), the significant coefficients found in the simultaneous
correlations remained until lag 2. All significant coefficients were
positive, indicating that SST anomalies in the IPE influence the
precipitation in RS in a direct way. As the EPI values are in Nifio
3.4 region, then the EPI positive and negative values are, in gen-
eral, indicators of the occurrence of El Nifio and La Nifia events,
respectively, attesting, in principle, that it rained more (less) in El
Nifio (La Nifia) years in this regions.

For agriculture in RS, El Nifio and La Nifia winds, besides
losses, may cause benefits. Berlato et al. (2005) found a strong
trend of EI Nifio to favor the corn cultivation, promoting high
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Figure 4 — Correlation between the monthly precipitation of the state of the RS and the SWAI, for the months from November to February, with lags from 0 up to
2 months.
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Figure 5 — Correlation between the monthly precipitation of the state of the RS and the EPI, for the months from November to February, with lags from 0 up to 2
months.
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Figure 6 — Correlation between the monthly precipitation of the state of the RS and the SPI, for the months from November to February, with lags from 0 up to 2
months.

Revista Brasileira de Geofisica, Vol. 32(3), 2014



379

SANTOSEB & DINIZ GB

productivity, and, in La Nifa years, found high frequency of low
productivity. In El Nifio occurrence, in general, the Summer cul-
tures (soya and corn, particularly) are benefitted, because there
are not water shortages (Cunha, 1999). Thus, the significative co-
gfficients found in the correlations between the RS precipitations
and the EPI (Fig. 5) are important for handling many cultivations.

Although the ENSO influence occurs during all period of
these event action, there are periods in the year that are more af-
fected by the ENSO phases, and the beginning of Summer (Oc-
tober, November and December) is one of them. November was
the month that presented the best results of the correlations be-
tween the precipitations and the EPI, and 1% significative val-
ues were found in almost all RS regions. These results are in ac-
cord with Lopes et al. (2007) that found the greatest coefficients
of correlation among the precipitations in the state of the RS
and the Nifios region SST and the ENSO multivariate index, in
October-November and November-December quarters.

Among the four studied months, January was the sole month
that did not present any region with significative coefficients, in
the simultaneous correlations of the EPI with precipitation, as well
as in the lagged correlations of the EPI with precipitation.

Like the correlations performed with the EPI, the SPI also pre-
sented its greatest coefficients in November (Fig. 6). The signifi-
cant coefficients in November were negative in the simultaneous
and lagged correlations, that is, the South Pacific SST anomalies
were positive (negative) when the precipitation anomalies were
negative (positive). As the EPI and SPI indices showed a signi-
ficative inverse relation, and the EPI is very representative for the
precipitation of RS in November, it was already expected that in
November the correlations between the SPIand the precipitations
were negative.

The IPS was defined using the area corresponding to SPCZ.
This Convergence Zone occurs during the ENSO cold (La Nifia)
and neutral phases, and in the warm phase (EI Nifio) this con-
vergence zone disappears, i.e., in the simultaneous occurrence of
the La Nifia and South Pacific positive anomalies, the possibilities
of occurring negative anomalies precipitation increase.

In the other months (December, January and February), the
IPS with precipitation correlation showed significant coefficients
in small regions, and these regions expanded with the lag in-
crease. In December and February, all correlation values were
negative, however, in January, regions with significant positive
coefficients were found.

The results found in the correlations between the precipita-
tions and the SPI attest the results of Cardoso (2005), that the
South Pacific SST anomalies may affect the precipitation regime
in the state of the RS.

Brazilian Journal of Geophysics, Vol. 32(3), 2014

CONCLUSIONS

The simultaneous and with lag correlations among the indices
obtained from the SST indicate that there is a dependence re-
lation between the patterns of the Equatorial Pacific and South
Pacific SST.

In the correlations between the SST indices and the state
of the RS precipitation, the lowest correlation coefficients were
found in the SWAI. This index presented few significative coef-
ficients, and it is not representative for RS precipitation in the
months from November to February in simultaneous and up 2
month lagged correlations. However, this index may be represen-
tative in other months and/or in correlations with greater lags.

Among the four studied months, November was the month
that showed the greatest correlation coefficients with the IPE and
IPS, that is, the precipitation in RS seems to have the highest
degree of association with the Pacific anomalies in November.

The SST variations in the Equatorial and South Pacific ocean
produce noticeable impacts in the precipitation of RS, showing
correlations that exceed the confidence level of 95 and 99% in
many regions.

The EPI and SPI indices may be good predictors of the rain
quality for the state of the RS, with up to 2 months in advance.
And any index that is representative of the SST variations may be
used like a potential predictor.

The found results may serve to reduce losses or to improve the
use of favorable climatic conditions for handling many cultures.
It is worth noting that the SST anomaly impacts over agriculture
depend on the kind of culture.
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