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Sea Surface Temperature Anomalies (SSTA), in four coastal hydrographic stations of 
Colombian Pacific Ocean, were analyzed. The selected hydrographic stations were: 
Tumaco (1°48'N-78°45'W), Gorgona island (2°58'N-78°11'W), Solano Bay (6°13'N-
77°24'W) and Malpelo island (4°0'N-81°36'W). SSTA time series for 1960-2015 were 
calculated from monthly Sea Surface Temperature obtained from International 
Comprehensive Ocean Atmosphere Data Set (ICOADS). SSTA time series, Oceanic Nino 
Index (ONI), Pacific Decadal Oscillation index (PDO), Arctic Oscillation index (AO) and 
sunspots number (associated to solar activity), were compared. It was found that the SSTA 
absolute minimum has occurred in Tumaco (-3.93°C) in March 2009, in Gorgona (-3.71°C) 
in October 2007, in Solano Bay (-4.23°C) in April 2014 and Malpelo (-4.21°C) in December 
2005. The SSTA absolute maximum was observed in Tumaco (3.45°C) in January 2002, in 
Gorgona (5.01°C) in July 1978, in Solano Bay (5.27°C) in March 1998 and Malpelo 
(3.64°C) in July 2015. A high correlation between SST and ONI in large part of study 
period, followed by a good correlation with PDO, was identified. The AO and SSTA have 
showed an inverse relationship in some periods. Solar Cycle has showed to be a modulator 
of behavior of SSTA in the selected stations. It was determined that extreme values of SST 
are related to the analyzed large scale oscillations. 
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I. INTRODUCTION 
 
In a context of global warming in recent times it has become important the study of 

atmospheric and oceanic processes that influence or are precursors of extreme events that may 
affect the quality of life in coastal areas. According to the Intergovernmental Panel on Climate 
Change [1]., an extreme event is defined as the occurrence of a weather or climate value that has 
exceeded its upper or lower threshold within the range of the observations of the variable. In the 
world there are many studies about finding a relationship between the occurrence of extreme 
events and long period phenomena, for example in [2]. with modeled data, a great association 
has been shown between El Niño southern Oscillation (ENSO) with the Pacific Decadal 
Oscillation (PDO) phenomena and extremes of temperature and precipitation on the west of the 
US. Particularly for extreme values identified in the Sea Surface Temperature (SST), there are 
research associated with events of coral bleaching, such as in [3]. where the effect of the positive 
phase of ENSO on events of coral beaching has been analyzed for the Gulf of Panama and the 
Galapagos Islands. In the Colombian seas, there is information about the occurrence of extreme 



weather phenomena; as an example there are the data with number of extreme events given by 
the Colombian Oceanographic and Hydrographic Research Center in [4]. Which show an 
increase in number and frequency of these events in the Colombian Caribbean Sea (CCS) and the 
Colombian Pacific Ocean (CPO). For CCS in [5]. have been analyzed extreme events for the 
Caribbean basin related to the height of waves, taking into account their occurrence during short 
period phenomena such as the transit of cold fronts or hurricanes, which can generate flooding or 
damage to structures. In the CPO there are studies focused on finding relationships between Sea 
Surface Temperature SST and SSTA with long period phenomena as [6]. where was shown a 
high association between SSTA and ENSO, but without referring to extreme values. Thus, this 
paper aims to identify the extreme values of Sea Surface Temperature (SST) associated with 
long period phenomena for coastal hydrographic stations in the CPO. The behavior of the SSTA 
is analyzed to identifying their extreme values; also the behavior of indicators of long-period 
phenomena such as Oceanic Niño Index (ONI), the Pacific Decadal Oscillation (PDO) index, the 
sunspots number, and the Arctic Oscillation (AO) Index have been analyzed. Finally the 
relationship of long period phenomena with found SST’s extreme values is determined. 
  
 

II. METHODOLOGY 
 

The study area was the CPO, located between 77°45'W and 84°00'W of longitude and 
between 1°30'N and 6°30'N of latitude (Fig. 1), in this area, four coastal hydrographic stations 
were chosen: Two of continental coastal type; Solano Bay, located in 6°13'N-77°24'W and 
Tumaco, located at 1°48'N-78°45'W. Two of insular coastal type; Gorgona island, located in 2° 
58'N-78°11'W and Malpelo Island, located at coordinates 4°0'N-81°36'W. 

 
Fig. 1. Bathymetric and topographic map of Colombian Pacific Ocean, with locations of coastal 

hydrographic stations. Source: Plotted from ETOPO1 data.[7] 
 

Monthly SST data were obtained for period between 1960 and 2015 from the database 
Comprehensive Ocean Atmosphere Data Set (ICOADS) [8]. were used. Monthly values of ONI 
were obtained from database of the Climate Prediction Center [9]. Monthly data of PDO and AO 
indexes from the Joint Institute for the Study of the Ocean and Atmosphere [10]. And sunspots 



number data from Marshall Space Center NASA [11]. The SST climatology in each station were 
calculated taking into account the base periods 1981-2010 and 1961-1990 following the 
procedure given in [12]. Missing data of SST were replaced with their corresponding 
climatological values considering their respective values in the base period. SSTA ASST(t)  (°C) 
for all month t were calculated as follows: 

 
 )()(  (t)ASST tCtSST −=              (1) 

 
Where SST(t) is the value of SST (°C) in month t, C (t) (° C) its climatological value  and 

it is defined as follows: 
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Where J is a month’s set i= January,…, December, in base periods  P={1961-1990, 1991-

2010}. ASST(t) in (1) was calculates  with climatology of the first base period to 1990 after with 
second period. Subsequently with SSTA values, their extreme values were identified following 
[1] outlining thresholds for SSTA. Given the characteristics of the CPO where seasonality marks 
the behavior of SST, an extreme value was defined if the value of SSTA (Y, m) in the year Y 
and month m is above (below) the upper threshold U (lower L) defined as follows. 
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In each season S = 1-3 (January-March), 4-6 (April-June) 7-9 (July- September): 10-12 
(October-December). The occurrence of an extreme value in a given month was identified as 
SST extreme event. Subsequently, the events that occurred more or equal to three months 
consecutively were highlighted to determine persistence, which may be associated with 
important events of the long-period phenomena analyzed. Finally, to compare the behavior of the 
SSTA with long period phenomena , annual moving average of the series of SSTA with indices 
PDO, AO and number of sunspots (SUN) -as solar cycle activity index- were calculated. 
Subsequently SSTA values with each of these indices were compared using wavelet coherence 
with MATLAB tool given by [13]. 

 
  

III. RESULTS 
 

 The SSTA values for each hydrographic station are in Fig. 2., There is possible to detail 
that the station with the highest SSTA oscillation amplitude is Bahia Solano, followed by 
Tumaco, then Gorgona Island and finally the oceanic island of Malpelo, revealing different 
behavior of SST at each station, mainly due to differentiable characteristics given in the CPO 
[14]. Where the effect of proximity to the continent of the hydrographic stations is very 
important. Particularly, considering that Solano Bay is located in an area where the contribution 
of rain and inland waters is significant [15]. With concern to Malpelo Island, the fact that it is 
located in an area with more oceanic features, allows a SST behavior more uniform [16]. 



However, periods with similar behavior of SSTA between stations were also identified; as an 
example these stations share the cold periods of 1968-1970, 1973-1977, 1985-1986 and warm 
periods of 1965-1967, 1969, 1972-1973 1982-1983 1986-1987 1997-1998 2009-2010 2014-
2015. 
 

 
Fig.2. Sea Surface Temperature Anomalies in the hydrographic stations and their annual 

running mean. 
 

The values of annual moving averages of SSTA in hydrographic stations, along with 
indexes ONI, PDO, SUN and AO are in Fig. 3. There was possible to see that in the study period 
the behavior of SSTA is subject to the behavior of ONI index. Followed by the PDO index, 
which highlights the significant positive SSTA values can be found when the ONI and PDO are 
in phase; for example, during warm periods of 1982-1983, 1997-1998 and 2015-2016 and cold 
periods of 1986 and 1999. Concerning the Solar Cycle, it was observed that SSTA can be found 
modulated by behavior the activity of the sun, especially in cold periods; for example, in 1985-
1987 and 1975-1977 periods 2005-2010 in which negative values are observed SSTA, 
meanwhile AO show a opposite behavior with SSTA in some periods, an example is the period 
1975 -1977. In the analysis of wavelets it was evident that in all stations and in much of the 
study period the ONI and SSTA show high coherence with a direct relationship. The stations 
studied, which presented greater coherence between the SSTA and of long-period phenomena 
indexes in the wavelet analysis was the station of Malpelo (Fig. 4). Taking this station as an 
example, the wavelet has shown great coherence between ONI and the SSTA throughout the 
study period for cycles from 24 to 64 months, according to the characteristic period of the ENSO 
cycle (Fig. 4 (a)). Between the PDO index and SSTA a great coherence was observed since 1985 
(Fig 4 (b)). About Solar Cycle, important values of coherence were observed in the period 1960-
1985 for a characteristic cycle of 11 years (Fig. 4 (c)). For AO index, greater coherence with 



SSTA can be seen for cycles from 16 to 64 months; mainly between 1965 and 1976, with a 
predominantly inverse behavior (Fig. 4 (d)).  

 
Fig.3. Annual running means of SSTA in the hydrographic stations and ONI, PDO, sunspot 

numbers SUN (standardized), and AO index. 
 

 
Fig.4. Wavelet Coherence between long period phenomena indexes and SSTA in Malpelo.(a) 
ONI vs SSTA and (b) PDO vs SSTA in Malpelo: Significant section shows phase behavior. (c) 

Sunspot Number and SSTA:  Phase Behavior in a cycle of 128 months. (d) AO-SSTA: Significant 
section shows anti phase behavior. 

 



The maximum and minimum absolute values of SSTA in the study stations are in Table 
1. There can be seen that the maximum absolute values in all stations were presented at events El 
Niño or positive phase of ENSO; 1978-1979 in Gorgona Island, 1997-1998 in Solano Bay, 2002-
2003 in Tumaco and 2015-2016 El Niño for Malpelo Island, which are the years in which El 
Niño was moderate to strong (Fig. 3). For the absolute minimum of SSTA no direct relationship 
with the ENSO oscillation was observed, these values could be driven by high frequency 
phenomena such as the American monsoon or Madden-Julian oscillation; or regional processes 
such as activity wind gap of Panama or Chocó’s low level jet,  phenomena that can influence the 
variability of SSTA in the CPO. 
 

Table 1. Absolute minimum and maximum of Sea Surface Temperature Anomalies 
Hydrographic 
Station 

Absolute 
min. SSTA Date 

Absolute 
Máx. SSTA Date 

Tumaco -3,93 March 2009            3,45 January 2002            
Gorgona -3,71 October 2007           5,01 July 1978            
Solano Bay -4,23 April 2014            5,27 March 1998            
Malpelo -4,21 December 2005           3,64 July 2015            

 
 
For each hydrographic station, Fig. 5 shows the number of extreme events per year, only 

considering the occurrence of extreme values from three or more months a year. In general it was 
observed that the number of cold events is greater than number of warm events for all the 
stations, except for Gorgona island station. It is also possible to detail in Fig. 5 that along time 
the occurrence of cold events are declining.  

 
 

 



 
Fig.5. Number of warm and cold events.  

 
As for the warm events are concerned, in Fig 5 the effect of El Niño events in 1982-83 

1997-98 and the most recent 2015-16 is shown, there the number of events per year in all the 
stations were greater than six, moreover given the evidence of the relationship between the ONI 
and the PDO index with SSTA also with ONI and PDO with significant positive values and 
being both in phase as is showed in Fig.3., is very likely that these phenomena were precursors 
of the occurrence of such important warm events. Furthermore, as is shown in Tables 2-A.and 2-
D., these phenomena could cause the occurrence of consecutively extreme values of SSTA with 
magnitudes close to or above 2°C (Fig.1.). 

It was also noted that for the period of 1987-88 the number of warm events did not 
exceed the value of 5 (except for Malpelo island) and only were persistent in Malpelo Island and 
Bahia Solano (Table 4-B. and 4-C.) when a El Niño event (strong) was held together with a 
positive phase of PDO as its seen in Fig. 3, but in that time solar activity was at its minimum, 
which could indicate an effect of attenuation or modulation of a positive phase PDO with El 
Niño on the SSTA in the CPO. 

A similar behavior was observed in the year of 1969 with a number persistent of warm 
events in all hydrographic stations in a context of El Niño together with the positive phase of 
PDO, but with the solar cycle at its peak in addition to a possible contribution from the negative 
AO phase, taking into account the reverse behavior that has showed the SSTA in that period. 

Other periods in which a large number of warm events in some of the stations had to 
correspond mainly to the weak or moderate El Niño events in lag phase with the another 
oscillations; in 1964/65 with negative phase of AO (favoring an increased SST) and others in a 
negative phase, in 1990-1995 the effect of the solar cycle in the first two years and then with the 
PDO detailed. The events of 2009-10 were shown in a context of moderate El Niño with a 



negative phase of the PDO, meanwhile in 2014 related to a positive phase of the PDO. Finally in 
the period 2001-02 a particular situation in Tumaco station was observed, with a heating season 
probably due to a regional atmospheric or oceanographic process. 

 
Table 2. tree or more consecutive SSTA (°C) values of warm events at the hydrographic 
stations. 

     
A. Tumaco 

          
B.SolanoBay 

      Y\M E F  M A M J J A S O N D 
 

 Y\M E F  M A M J J A S O N D 
1965       1,48 1,18 0,93 1,53 1,17 0,72       

 
1964 0,98 1,61 1,33                   

1969       1,63 0,82 1,54             
 

1969   1,36 1,58 0,58 1,67 1,66 0,64 0,97         
1982                   1,62 1,64 2,42 

 
1983     1,68 0,63 1,21 1,77 1,64 2,02 0,99       

1983 1,73 1,24 3,27 2,08 2,50 2,97 2,05 1,49 0,84       
 

1987                 1,65 1,72 0,84 0,69 
1997           0,93 1,46 1,13 1,46 2,38 1,82 2,05 

 
1988 0,88 1,86                     

1998       0,88 1,46 1,63             
 

1990 1,38 1,96 1,30                   
2002         2,31 3,33 1,67           

 
1997           1,18 1,11 1,19 1,63 0,63 2,31 1,06 

2015     1,27 2,38 1,31   1,23 1,15 3,41 2,13 1,44 1,76 
 

1998   3,34 5,27 3,07 1,10 0,59 1,51 1,30 1,05       

     
C. Malpelo Island 

         
D. Gorgona Island 

      Y\M E F  M A M J J A S O N D 
 

 Y\M E F  M A M J J A S O N D 
1969     1,78 1,66 1,30 1,18 0,98           

 
1965         0,94 0,69 1,86   0,69 1,03 1,76   

1972           0,76 1,19 1,29 0,61 0,78 0,59 0,93 
 

1969       1,54 1,19 1,98             
1982                   0,86 0,95 0,71 

 
1983         2,04 2,50 2,35           

1983   0,82 1,81 1,51 2,42 2,08 0,81           
 

1991                   0,93 0,69 0,77 
1987                 0,98 1,13 1,65 0,86 

 
1997           0,54 1,46 1,83 1,05 1,99 1,86 2,17 

1991   1,24 1,02 0,67                 
 

1998             1,98 3,10 0,70       
1992   1,62 1,22 0,87                 

 
2014           0,98 1,93 1,43 2,00 2,39 1,78   

1993       1,30 0,71 0,86             
 

2015             1,09 1,53 1,00 3,29 1,21   
1997           1,03 1,21 1,69 1,32 1,41 1,57 1,01 

              1998   1,09 3,25 1,66 0,78 0,60 0,67 0,69         
              2009                   0,71 1,03 0,57 
              2015       1,71 1,26 1,37 3,64     1,20 0,80 1,99 
               

 Cold events, unlike the warm events did not always had a direct relationship only with 
the negative phase of ENSO cycle (La Niña) as can be seen in Fig. 3. Is underlined that these 
events in all hydrographic stations occurred with large number and persistence in the 1967-68 
and 1973-1977 periods (Fig 5, and table 3), which may be driven by the combination of several 
factors, among which seem relevant the AO and the solar activity.  

In the first period of 1967-68 in addition to a weak La Niña, the PDO was in negative 
phase and AO in positive phase (Fig. 3.), since that in these periods these fluctuations played an 
important role in the behavior of the SSTA, it’s possible to infer that all these conditions together 
contributed to the cooling of surface water in the CPO. However, no persistence was observed 
(Table 3), which could be due to the modulation by the solar cycle.  

In the second period from 1973 to 1977, all the conditions were favorable for cooling 
processes; Strong La Niña, PDO in negative phase, positive phase of AO and a solar cycle close 
to its minimum, that together could induce to shows the SSTA with negative values at 
hydrographic stations, where persistent occurrence were observed with important values, even 
lower than -1.6°C in some cases recorded at stations near the continent (Table 3). 

The following cold periods at several stations were evidenced: between 1985 and 1986 
with a moderate La Niña and a solar minimum, 1996 with a weak to moderate La Niña and peak 
solar minimum, and 2005 when it was not possible to find a clear relationship with the 
phenomena studied in the present study and the SSTA. For other years, when several number of 
cold events were recorded, it was observed that those values may be associated with La Niña 
events but whose response in each of the stations study were given in an isolated manner (Fig. 3-
4 and Table 3). 

 
 



Table 3.  Tree or more consecutive SSTA (°C) values of cold events at the hydrographic 
stations.  
 

    
A. Tumaco 

            
B. Solano Bay 

      Y\M E F  M A M J J A S O N D 
 

Y\M E F  M A M J J A S O N D 

1963           -0,58 -1,00 -0,74         
 

1973                 -0,85 -1,03 -1,26   

1967                     -0,84 -0,72 
 

1975                   -0,53 -0,94 -1,21 

1968 -1,32 -1,06   -0,87 -1,39 -3,23             
 

1977             -1,31 -1,23 -0,58 -3,33     

1975             -1,02 -0,71 -1,39 -0,70 -1,08 -1,68 
 

1999       -0,88 -2,40 -1,48             

1976 -0,74 -0,78                     
              1977       -1,42 -1,15 -1,13 -1,70 -0,93         
              1980                       -0,88 
              1981 -1,17 -0,91                     
              1989               -0,96 -1,09 -0,63 -1,33   
              

    
C. Malpelo Island 

           

D. Gorgona 
Island 

      Y\M E F  M A M J J A S O N D 
 

Y\M E F  M A M J J A S O N D 

1964       -1,34 -0,94 -0,91 -1,07           
 

1974 -1,85 -0,86 -1,37                   

1967     -1,13 -1,02 -0,95         -0,46 -0,85 -0,44 
 

1976 -0,95 -1,06 -1,37   -1,56 -1,43 -0,59 -1,15         

1974                 -0,67 -0,75 -0,67   
 

1977     -1,60 -1,46 -1,11               

1977     -0,77 -0,72 -0,62               
 

1979       -0,86 -0,51 -1,27 -1,09           

1985 -2,02 -1,68 -2,53 -2,88                 
 

1996           -0,56 -0,98 -0,50         

1986 -0,79 -1,10 -1,61                   
 

2013         -0,80 -0,61 -1,12           

1989   -1,78 -1,94 -0,53                 
              2001   -1,07 -1,33 -1,01                 
              2007           -0,74 -0,56 -2,07         
               

 
IV. CONCLUSIONS 

 
From the above results it is concluded that in the study period, the occurrence of extreme 

events of sea surface temperature is closely related to the behavior of long period phenomena 
considered in this study (mainly ENSO and PDO, the solar cycle and the AO were next). 

In particular it is emphasized that depending on whether these phenomena are 
simultaneously in phase or not, the occurrence and magnitude of extreme events of SST is higher 
or lower. As the main precursor phenomenon of extreme events in the hydrographic stations, the 
ENSO oscillation was identified. 

For warm events it was found that their occurrence is mainly determined by events 
positive phase of ENSO or El Niño; of these, the extreme events occurred in greater numbers and 
persistently when El Niño was found in phase with the positive phase of PDO, as occurred in the 
periods 1968-1969, 1982-1983, 1997-1998 and 2015-2016. 

In cold events of SST besides La Niña the solar cycle also had an important role in 
influence the magnitude and number of events in 1973-1977, 1985-1986 and 1996 periods which 
minimum solar activity was observed; AO contribution was also evidenced in cooling processes 
for isolated periods (1967-1968 and 1975) identified by the inverse behavior of its index with 
SSTA at hydrographic stations. 

Also there were other events that probably were not related to the phenomena analyzed in 
this study. These events might occur by influence of some other high frequency phenomena or 
regional oceanographic and atmospheric processes. 
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