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Abstract

Sea-level data from South Atlantic stations were quality-controlled and analysed. Eleven time series, longer than 20 years, were selected to study long-term variability. The main features of South Atlantic sea level were described by computing linear trends, mean seasonal cycles and power spectra for the selected time series. The data sparseness made it difficult to achieve a comprehensive description of the basin. The connection between sea level variability and ENSO was studied using the Buenos Aires time series, integrated by Palermo data. It was possible to recognize that sea level variability is strongly connected with that of river discharge into Rio de la Plata, which in turn exhibits a lagged teleconnection with ENSO. The time lag between ENSO and sea level anomalies is about 5 months.
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1. Introduction

The South Atlantic Ocean is a very large and inhomogeneous region, since it extends in latitude from the Equator to Antarctica and is locally affected by large river outflows, as in the Rio de la Plata area. South Atlantic plays an important role in the global ocean circulation and climate variability. In fact, it participates in the deep thermohaline circulation that connects the North Atlantic and Indian Oceans and its southern part communicates with the Pacific Ocean via the Antarctic Circumpolar circulation. Recent papers described several features of South Atlantic variability on interannual to multidecadal time scales in connection with the atmospheric forcing (e.g. Venegas et al., 1997; Venegas et al., 1998; Wainer and Venegas, 2002). The influence of large-scale climatic patterns was also investigated. For instance, Colberg et al. (2004) studied, by means of a General Circulation Model, the response of South Atlantic circulation to El Niño–Southern Oscillation (ENSO; Philander, 1990). Hughes et al. (1999) recognized, also from model simulations, an ocean variability mode in the wind-driven transport through the Drake Passage. The connection of this mode with the atmospheric Southern Annular Mode was found by Meredith et al. (2004).
In the framework of the “European Sea-Level Service – Research Infrastructure” (ESEAS-RI) project world monthly mean sea level (MSL) data were quality controlled and analysed. In the present study South Atlantic sea level was studied in order to describe some features of the multi-decadal sea-level variability and possible connections with ENSO. As it will be seen, the available data set could not account for such differences properly and a comprehensive description of the region was not possible. In fact, most of the time series are relatively short and sparse, and, moreover, the data quality control further reduced the number of suitable time series. Nevertheless, some characteristics of sea-level variability could be outlined.
In the next Section, the data and methodologies used in this study will be described. Section 3 will present some general features of sea-level variability, while Section 4 will be devoted to the teleconnection between sea level and climatic patterns. Conclusive remarks will follow in Section 5.
2. Data and methods
The region of interest is defined as the geographical domain within 80°S–10°N latitude and 70°W–20°E longitude (Figure 1). The data set is composed of the monthly MSL data extracted from the PSMSL data bank (Woodworth and Player, 2003). The area under study includes 103 stations, that are listed in Table 1 and whose locations are shown in Figure 1a. 51 stations are provided with a Revised Local Reference (RLR), i.e. the data are referred to a land-based benchmark, while for 52 stations (METRIC) such connection does not exist. The oldest data are found in 1905 (Buenos Aires, Argentina) and the most recent in 2002 (Stanley II, Falkland Islands). Figure 2 summarizes the data availbility as a function of time for each station. It is evident that the time coverage is irregular, with several short time series, most of which start around 1950 and after. Many gaps are also present. A few time series in Argentina start around 1910, but only two of them, namely Quequen and Buenos Aires, continue after 1950.
All the time series were submitted to quality control in order to identify possible erroneous data, datum changes, unrealistic trends. The basic quality control procedures were agreed in the ESEAS-RI project and are described in Shaw et al. (2005).

One of the most important elements of the quality control is the intercomparison of time series of nearby stations, particularly to identify discontinuities and drifts. Unfortunately, most of the South Atlantic data compose short and interrupted time series and, moreover, stations are often sparse. This limits the possibility of finding neighbouring stations and obtaining reliable comparisons. To identify suspect data and stations, the comments reported in the PSMSL documentation were also taken into account.

In order to perform a long-term analysis, only the time series with at least 20 consecutive valid years were taken into account. A year was considered valid when at most two non-consecutive monthly values were missing. Although short time series were not useful for long-term analysis, they were used in the quality control of the long time series.

After the quality control and taking into account the 20-year threshold, 92 time series out of 103 had to be disregarded. The remaining 11 time series, selected for long-term analysis are: Takoradi in Ghana; Argentine Islands in Antarctica; Puerto Williams in Chile; Puerto Madryn, Quequen, Mar del Plata - Naval Base (henceforth simply Mar del Plata), Buenos Aires and Palermo in Argentina; Imbituba, Cananéia and Belém in Brazil. They are identified by thick lines in Figure 2. Note that only in the cases of Buenos Aires, Imbituba and Belém the available time series were accepted completely, while for the other stations the time series were partially discarded. All such stations are provided with a RLR. 

The teleconnections between sea level and ENSO were studied mainly on the basis of linear correlations. The relevant variables used in the study are: 1) The Southern Oscillation Index (SOI; Ropelewski and Jones, 1987), defined as the normalized pressure difference between Tahiti and Darwin. It is negative during an El Niño event. 2) The UNESCO river flow data of rivers Paraná and Uruguay, obtained from the National Center for Atmospheric Research database. 
Most of the correlations involve 3-monthly standardized anomalies. Each 3-month period will be identified by means of the initials of the three months, namely DJF (for December-January-February), JFM and so on until NDJ. The year is that of the central month. The standardization is obtained by removing the mean value from the observed data and dividing the result by the standard deviation.
3. Sea-level data analysis

Each of the selected time series was analysed as follows. In the first step the linear trend was estimated from the time series of annual MSL. The monthly data were then detrended and the mean seasonal cycle was computed on a monthly basis using complete years only. The mean seasonal cycle was removed and a few one-month gaps were filled by linear interpolation of the deseasoned residuals. The same analysis was made on the complete time series of monthly data, obtaining new linear trend, mean seasonal cycle and deseasoned residuals, henceforth called simply residuals.

The annual MSL data and linear fits for the 11 selected time series are displayed in Figure 3. The trends associated to the linear fits are listed in Table 2. Only three time series are at least 40-year long, namely Palermo (40 years), Quequen (59) and Buenos Aires (83). Moreover, periods common to more stations are few and short, which makes it difficult to compare trends from different records. In order to improve this comparison, relative trends and zero-lag correlations of detrended annual MSL were computed. For each time series pair at least 20 common years were required and the trends were computed using the common years.

Clearly, the observed trends reflect also vertical land movements. However, according to the seismicity maps available from the U.S. Geological Survey (http://www.usgs.gov), in the South Atlantic region most of the coastal areas does not exhibit notable seismicity, the exception being the southern end of South America and the Northern end of the Antarctic Peninsula, on both sides of the Drake Passage. As a result, among the 11 sites selected for long-term analysis only Argentine Islands and Puerto Williams are close to significantly seismic areas. Another factor affecting vertical land movement is the Glacial Isostatic Adjustment (GIA), whose influence can be taken into account using the values estimated by Peltier (2001). 

Table 3 summarizes the results of time-series comparisons in terms of correlations and relative trends. The lower-left part of the table shows the linear correlation coefficients for zero-lag correlations of detrended annual MSL. Significant correlations are found between the stations from Mar del Plata to Cananéia, all on the shelf area affected by the Rio de la Plata fresh water outflow (Piola et al., 2005). The upper-right part of the table reports the relative trends for pairs of time series computed from the observed annual MSL and after applying the correction for GIA influence, which is available for all sites except Argentine Islands. A high confidence, that in this case is chosen to be greater than 0.95, indicates that the relative trend is very likely different from zero, or, in other words, that the two time series exhibit significantly different trends. Significant relative trends not only involve Argentine Islands and Puerto Williams, whose time series exhibit peculiar trends, but also stations that are not very far from each other, like Mar del Plata and Buenos Aires.
The mean seasonal cycles of MSL are shown in Figure 4 together with those of atmospheric pressure. Monthly  atmospheric pressure was extracted from the NCEP reanalyses for 1948-2004 (Kistler et al., 2001). The atmospheric pressure at the tide gauge locations was obtained by interpolation of the gridded data. Despite the fact that the MSL time series cover different periods some features can be recognized. In the southernmost stations, namely Argentine Islands and Puerto Williams, the seasonal cycles exhibit relatively small amplitudes, of about 100 mm, and a minimum in early spring. Puerto Williams shows a summer maximum while at Argentine Islands the maximum is found in autumn. Moving northwards along the Argentinian coast the stations from Puerto Madryn to Mar del Plata exhibit well defined minima in late winter and maxima in summer-spring. The summer-spring maximum characterizes also the stations in the Rio de la Plata area, namely Buenos Aires and Palermo, where the minimum is found in mid-winter. The amplitudes reach about 200 mm. The Brazilian stations of Imbituba and Cananéia, not far from the Tropic of Capricorn, show a different pattern, with maximum in May and minimum in October-November. Completely different seasonal cycles are found in the Equatorial stations of Takoradi and Belém, with two maxima and two minima. The MSL and atmospheric pressure seasonal cycles appear to be generally opposite to each other at the mid-latitude stations, that is from Quequen northwards, up to Cananéia, while at the Equatorial and high-latitude stations the relationship is less clear.
The presence of a statistically significant (at p > 0.95) inverted barometer (IB) effect was verified on a monthly basis by studying the correlation between the detrended and deseasoned MSL and atmospheric pressure data. An IB effect is found in all months at Argentine Islands and from February to November at Puerto Williams, while, at the other stations, it is found only occasionally. Therefore, except at the southernmost stations, the MSL variability appears to be mainly due to thermohaline and wind-induced variability in the ocean circulation, rather than atmospheric pressure.
In an attempt to detect periodic signals, the time series of monthly residuals were submitted to spectral analysis by means of the Lomb periodogram (Lomb, 1976; Press et al., 1992). Figure 5 displays the monthly residuals and related power spectra for Takoradi, Argentine Islands and Buenos Aires. Table 4 lists the significant periodic components detected for each station. A comparison of different stations is not possible because the records have different lengths and cover different periods. The periodic components can be roughly grouped in two bands characterized by periods shorter or longer than 10 years. Note, however, that some components have periods similar to or longer than the record lengths, probably accounting for residual non-linear trends, as shown for Takoradi and Argentine Islands (Figure 5a-d).
An Empirical Orthogonal Functions (EOF) analysis was also applied to monthly residuals to put in evidence the regional variability of sea level. The small number of useful time series, their shortness and the fact that they cover different periods seriously limited the analysis. The following data sets were analysed: A) Puerto Madryn, Quequen, Mar del Plata, Buenos Aires, Palermo and Argentine Islands for 1960-1982; B) Puerto Madryn, Quequen, Mar del Plata and Buenos Aires for 1958-1982; C) Argentine Islands and Puerto Williams for 1965-1986. Data set A include the maximum number of time series characterized by a reasonable length, while data sets B and C are built according to Shaw et al. (2005), who grouped stations on the basis of coherency analysis. Spectral analysis of the EOFs was subsequently performed to detect significant periodic components. The results are summarized in Table 5.
For data sets A and B more than two EOFs are available and the first one explains between 50 and 60% of total variance. It should be noted that the spectral characteristics of EOF1 in the two cases are very different, as it mainly describes short-term variability for data set A and long-term for data set B. This shows that the analysis is very sensitive to the data used, which is not surprising due to the small number of time series.
4. Teleconnections between sea-level and ENSO
From the EOF analysis outlined above it is evident that South Atlantic sea-level variability cannot be synthetically represented on a regional basis for periods longer than a couple of decades. To study the possible connections between sea-level and ENSO, the attention focussed on individual sea-level records. 

The longest record in the region, namely Buenos Aires, covers almost the whole 20th century and is suitable for climatic studies. To increase the record length, a composite Buenos Aires time series was obtained by merging the original Buenos Aires record with that of Palermo. The two stations are approximately 10 km apart and their time series overlap during 1960-1987. The linear trends in the common period are 4.8 and 4.0 mm/year, respectively, and do not differ significantly (at p > 0.95, see Table 3). Moreover, the correlation coefficient between monthly residuals exceeds 0.9 (Table 3). The composite time series consists of Buenos Aires data for 1905-1987 and Palermo data for 1988-1999. 
As recalled in the Introduction, ENSO is one of the major climate patterns that affect South America. The teleconnection between Buenos Aires sea level and ENSO was investigated by means of lagged correlations involving 3-monthly sea-level anomalies and SOI. They are anticorrelated, meaning that sea level is higher than normal during El Niño (negative SOI) and lower during La Niña (positive SOI). The maximum anticorrelation for 1905-1999 is found between ASO sea level and previous AMJ SOI, with r = –0.54 (significant at p = 0.998). Significant correlation is found for a large part of the year, since sea level in the whole Austral spring and summer, from ASO to DJF, is anticorrelated with previous MAM to ASO SOI, that is with 4-5 months delay on average. Figure 6a shows the time series of standardized anomalies of ASO sea level and AMJ SOI. 
In order to explain the teleconnection a possible pathway can be envisaged, involving ENSO, the precipitation regime and the river outflow on Southeastern South America, and, finally, Buenos Aires sea level.
The teleconnection between ENSO and the precipitation anomalies over Brazil was recognized by several authors. In particular, Ropelewski and Halpert (1987) found that during El Niño events precipitation is higher than normal in November through the next February over Southeastern South America, and Grimm et al. (1999) showed that wet Austral springs in Southeastern Brazil are connected with warm ENSO phases.
In Southeastern South America major rivers form the second most important river system in the continent after the Amazon river. Two major rivers discharge into Rio de la Plata, where they merge, namely Paraná and Uruguay (Figure 7). According to the UNESCO data, the 1908-1988 average climatological annual outflow of the two rivers together is about 19500 m3 s-1, varying from 16700 m3 s-1 in December and 22200 m3 s-1 in May. The observations refer to river gauges located at Timbues (32.67°S, 60.71°W) for Paraná and Monte Caseros (30.25°S, 57.63°W) for Uruguay, both some hundreds kilometres far from to the river mouths (Figure 7). It is assumed here that the variability of the river flow into Rio de la Plata can be represented by the total outflow observed at the river gauge stations. The connection between ENSO and river flows was studied by Mechoso and Iribarren (1992), who recognized that flows are larger than normal in Austral spring-summer in years with El Niño events.
The large fresh water discharge affects a notable portion of the Argentinian, Uruguayan and Brazilian shelf areas (Piola et al., 2005). Therefore, the Buenos Aires sea-level variability is likely to be modulated by that of the river outflow, the station being located in the inner part of Rio de la Plata.
The connection between sea level and river outflow was studied in the same way as that between sea level and ENSO, using lagged correlations between 3-monthly sea-level and river flow anomalies. It was verified that the distribution of river flow anomalies is close to normal, due to the fact that the mean outflow is 3-4 times larger than the standard deviation. As a further improvement towards normal distribution, each anomaly used in this work was expressed as the ratio between the observed and the mean value.

All the 3-monthly sea levels, except JFM, were significantly (at p > 0.95) correlated with river outflow. In JFM, however, a 0.943 confidence was reached. The maximum correlation was always simultaneous, i.e. within ±1-month lag, and, with the exception of JFM, significant correlations were always found within ±3-month lags up to ±6-month lags in ASO. The highest correlation coefficients were found in Austral winter, from MJJ to JAS, exceeding 0.6 (p > 0.999). Figure 6b displays the time series of ASO sea level (r = 0.61) and river outflow standardized anomalies.
The connection between summer-spring river outflow and SOI found by Mechoso and Iribarren (1992) was confirmed here. In particular, the outflow from OND to DJF was anticorrelated with the SOI from previous AMJ to subsequent FMA, meaning that positive outflow anomalies are related to warm ENSO phases, i.e. El Niño events. The time series of NDJ river outflow and previous JJA SOI standardized anomalies are shown in Figure 6c (r = –0.51). Thus, the summer-spring river outflow was correlated with SOI with a delay of approximately 5 months.

In conclusion, Buenos Aires spring-summer sea level turned out to be teleconnected with ENSO via the river discharge into Rio de la Plata, in turn modulated by precipitation. ENSO leads by about 5 months, on average, however, the correlation pattern extends notably in time before and afterwards. 
The robustness of the teleconnections was checked by splitting the analysed period into two parts. Consider the teleconnection between ASO sea level and AMJ SOI: For 1905-1952, r = –0.70 (p = 0.997), while for 1952-1999, r = –0.37 (p = 0.847). In the latter period no significant (p > 0.95) correlations were found. The same check applied to the teleconnection between river outflow and ENSO showed that during the first half of the period significant correlations existed, similarly to the whole period, while in the second half no correlation was found, coherently with the results above. This result may indicate that changes in the teleconnection patterns related to ENSO took place during recent decades. Similar changes involving ENSO were found by Krishna Kumar et al. (1999), with a dramatic weakening of the teleconnection between ENSO and the Indian Monsoon after 1980, which was attributed to both tropical and extratropical circulation variations.
Possible teleconnections involving sea-level from the other stations were also considered. It turned out that neither ENSO nor river discharge into Rio de la Plata were correlated with sea-level. Obviously, river discharge is not likely to affect sites too far from Rio de la Plata, but this result may indicate that the teleconnection between ENSO and sea level occurs indirectly, through the intermediate step of river outflows. A further possible explanation is that, except Buenos Aires, the other time series cover mainly the post-1950 period, when the teleconnecton with ENSO appears weaker than before.
5. Conclusive remarks
South Atlantic sea level data were quality-controlled and analysed in order to extract time series useful for long-term studies. A comprehensive description of the region was not possible because only 11 useful time series, i.e. at least 20-year long, survived the quality control, and, moreover, those time series covered different periods. The eastern side, along the African coast, was particularly poorly represented, since only the Takoradi station provided a useful time series.

The Buenos Aires time series turned out to be long enough, namely 87 years, to be used for studying sea-level variability in connection with ENSO. It was possible to recognize that the variability of Buenos Aires sea level in spring-summer is modulated by that of the fresh water discharged into Rio de la Plata by rivers Paraná and Uruguay. This, in turn, depends upon the precipitation regime over Southeast Brazil, related to ENSO. A time lag of approximately 5 months is observed between ENSO and sea level anomalies. This teleconnection seems to have weakened during last decades compared to the first half of the 20th century.
The overview presented in this work is clearly far from being exhaustive, since it represents just a first step towards a comprehensive description of long-term sea-level variability in the South Atlantic basin. Severe limitations in the analysis are present, meaning that tide gauge observations alone are probably insufficient and that the integration with ocean General Circulation Models is required.
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Figure captions

Fig. 1 – Maps of the South Atlantic region studied. a) All stations, b) only the stations selected for long-term analyisis. Black diamonds indicate RLR stations, white circles METRIC stations.

Fig. 2 – Scheme of data availability as a function of time for each station. Thin lines indicate the presence of monthly means, thick lines identify the data useful for long-term analysis. The station numbers shown on the y-axes correspond to those reported in Table 1.

Fig. 3 – Annual MSL and linear fit for the long-term time series. Each record has been offset vertically for presentation purposes.

Fig. 4 – Seasonal cycles of MSL with standard deviation (black dots, in millimetres) and atmospheric pressure (white dots, in tenths of hPa). Time series have been offset vertically for presentation purposes.

Fig. 5 – Detrended and deseasoned monthly residuals (left panels) and related power spectra for frequencies lower than 1 cpy (right panels) for Takoradi (a, b), Argentine Islands (c, d) and Buenos Aires (e, f). The dashed horizontal lines in panels b, d, f indicate the 0.95 confidence level.
Fig. 6 – Time series of standardized anomalies: a) ASO Buenos Aires sea level (black dots) and previous AMJ SOI (white circles); r = –0.54, p = 0.998. b) ASO Buenos Aires sea level (black) and ASO river outflow (white circles); r = 0.61, p > 0.999. c) NDJ river outflow (black) and previous JJA SOI (white); r = –0.51, p = 0.994.
Fig. 7 – Schematic map of the region of Rio de la Plata and rivers Paraná and Uruguay.

Table 1
List of South Atlantic sea-level stations according to the PSMSL data base. (R) indicates a station with Revised Local Reference. The stations selected for the long-term analysis are shown in bold.
—————————————————————————————————————————————————————
  Country
 Station
Country
Station

—————————————————————————————————————————————————————
Guinea
  1 Conakry

Sierra Leone
  2 Freetown

Ascension
  3 English Bay (R)
Ivory Coast
  4 Abidjan (R)

  5 Abidjan-Vridi

Ghana
  6 Takoradi (R)

  7 Accra


  8 Tema (R)
Nigeria
  9 Lagos


 10 Lagos II


 11 Forcados (R)

 12 Port Harcourt


 13 Bonny


 14 Calabar

Fernando Poo
 15 Santa Isabél

São Tomé e Príncipe
 16 São Tomé
Congo
 17 Pointe Noire (R)
St Helena
 18 Jamestown Landing Steps (R)
Angola
 19 Luanda


 20 Lobito


 21 Moçàmedes

Namibia
 22 Walvis Bay (R)
 
 23 Lüderitz (R)
South Africa
 24 Port Nolloth (R)

 25 Stompneus Bay (R)

 26 Saldanha Bay


 27 Salamander (R)

 28 Robben Island


 29 Granger Bay (R)

 30 Table Bay Harbour (R)

 31 Hout Bay


 32 Simons Bay (R)

 33 Hermanus (R)
Antarctica
 34 Bahía Esperanza (R)

 35 King Sejong


 36 Argentine Islands (R)


 37 Puerto Soberanía


 38 Bahía Esperanza 2


 39 Almirante Brown (R)

 40 Melchior


 41 Artigas

Chile
 42 Puerto Williams (R)

 43 Diego Ramirez

Argentina
 44 Ushuaia I (R)

 45 Ushuaia II (R)

 46 Ushuaia III


 47 Rio Grande


 48 Puerto Deseado (R)

 49 Comodoro Rivadavia (R)

 50 Puerto Madryn (R)


 51 Piramide (R)

 52 San Antonio


Argentina (cont.)
 53 Rosales (R)

 54 Belgrano (Bahía Blanca)


 55 Quequen (R)


 56 Mar del Plata (Puerto) (R)

 57 Mar del Plata (Naval Base) (R)


 58 Mar del Plata 2


 59 Mar del Plata


 60 San Clemente


 61 Mar de Ajo (R)

 62 Oyarvide


 63 La Plata


 64 Rio Santiago (R)

 65 Buenos Aires (R)


 66 Palermo (R)


 67 Isla Martin García (R)
Falkland Islands
 68 Stanley (R)

 69 Stanley II (R)
South Georgia
 70 King Edward Point

Uruguay
 71 Colonia (R)

 72 Fray Bentos


 73 Montevideo (Punta Lobos) (R)

 74 Punta del Este (R)

 75 La Paloma (R)
Brazil
 76 Imbituba (R)

 77 Cananéia (R)


 78 Santos


 79 Ubatuba


 80 Ilha Guaiba


 81 Rio de Janeiro (R)

 82 Ilha Fiscal


 83 Ilha de Trindade


 84 Ilha de Trindade


 85 Canavieiras (R)

 86 Salvador (R)

 87 Recife (R)

 88 Natal A


 89 Natal B


 90 Natal C


 91 Fernando de Noronha

 
 92 Fernando de Noronha A


 93 Fernando de Noronha B


 94 Fernando de Noronha C


 95 St Peter & St Paul Rocks


 96 Termisa


 97 Fortaleza


 98 Salinópolis (R)

 99 Belém (R)


100 Santana (R)
French Guiana
101 Degrad des Cannes (Cayenne)
Guyana
102 Georgetown


103 Rosignol

—————————————————————————————————————————————————————
Table 2

Linear trends of long-term time series and rms of residuals to the fitted trend.

————————————————————————
Station
Period
Trend
Rms



(mm/year)
(mm)

————————————————————————

Takoradi
1930-1963
2.83
±
0.41
23

Argentine Islands
1960-1987
0.07
±
0.71
31
Puerto Williams
1965-1986
–5.35
±
1.24
37
Puerto Madryn
1958-1983
4.36
±
0.63
24
Quequen
1924-1982
1.03
±
0.23
30
Mar del Plata (NB)
1958-1985
–0.05
±
0.78
33
Buenos Aires
1905-1987
1.57
±
0.22
47
Palermo
1960-1999
2.85
±
0.65
48
Imbituba
1949-1968
0.65
±
0.77
20
Cananéia
1978-2000
2.58
±
0.87
28
Belém
1949-1968
0.28
±
1.01
26

————————————————————————

Table 3
Lower-left part: Linear correlation coefficients for zero-lag correlations of detrended annual MSL. Upper-right part: Relative MSL trends (station on top row of the table minus station on the leftmost column) in millimetres per year; the first figure refers to observed trends, the second to trends corrected for post-glacial rebound; a dash indicates that the correction for Argentine Islands is not available. Dots indicate that less than 20 years are in common to the time series. Values whose confidence is greater than 0.95 are shown in bold.
—————————————————————————————————————————————————————

TAKO
ARGE
PWIL
PMAD
QUEQ
MPLA
BAIR
PALE
IMBI
CANA
BELE
—————————————————————————————————————————————————————
TAKO
––––––
...
...
...
-1.0,-0.9
...
-1.6,-0.9
...
...
...
...
ARGE
...
––––––
-3.8,–
5.6,–
0.2,–
1.3,–
4.7,–
3.9,–
...
...
...
PWIL
...
0.75
––––––
...
...
7.8,8.2
12.6,13.5
11.2,12.1
...
...
...
PMAD
...
0.36
...
––––––
-4.2,-4.2
-5.1,-5.0
-1.7,-1.0
-0.9,-0.3
...
...
...
QUEQ
0.36
0.40
...
0.25
––––––
-1.0,-0.8
0.3,0.9
3.1,3.7
0.6,0.6
...
0.2,1.2
MPLA
...
0.17
0.19
0.44
0.12
––––––
3.4,3.8
3.2,3.6
...
...
...
BAIR
-0.19
-0.14
-0.13
0.33
-0.21
0.57
––––––
-0.8,-0.8
-0.0,-0.7
...
-0.4,-0.1
PALE
...
-0.19
-0.26
0.39
-0.08
0.42
0.91
––––––
...
0.2,-0.2
...
IMBI
...
...
...
...
-0.02
...
0.60
...
––––––
...
0.4,0.6
CANA
...
...
...
...
...
...
...
0.62
...
––––––
...
BELE
...
...
...
...
0.21
...
0.02
...
0.16
...
––––––

—————————————————————————————————————————————————————
Table 4

Significant (at p > 0.95) periodic components in the spectral analysis of monthly residuals. No significant peaks were found for Puerto Madryn, Quequen, Imbituba and Cananéia.

————————————————————————
Station
Periods (years)

————————————————————————

Takoradi
1.2, 7.1, 9.4, 28.3
Argentine Islands
19.9
Puerto Williams
15.7
Mar del Plata (Naval Base)
12.7, 27.9
Buenos Aires
6.7, 7.7, 8.8, 19.7, 25.9, 41.5
Palermo
3.6, 5.3, 8.0
Belém
1.7, 4.0

————————————————————————

Table 5

Percent of variance explained by each EOF and significant (at p > 0.95) periodic components. See text for details on the data sets used.

————————————————————————
Data set
PVE
Periods (years)

————————————————————————

A (6 records, 1960-82)
EOF1
57.6
1.2, 5.7


EOF2
18.0
—

EOF3
8.8
3.4, 22.9


EOF4
6.3
2.7


EOF5
4.7
—

EOF6
4.6
—
B (4 records, 1958-82)
EOF1
51.1
24.9

EOF2
32.8
20.8


EOF3
8.8
7.8


EOF4
7.4
4.6, 7.8, 11.3, 31.1

C (2 records, 1965-86)
EOF1
82.1
18.3


EOF2
17.9
27.4

————————————————————————
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