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Abstract: Bahía Culebra, at Gulf of Papagayo on the north Pacific coast of Costa Rica, is an area of seasonal 
upwelling where more intense cooling events may occur during some boreal winter weeks mainly. To study these 
extreme cool events, records of nine sea subsurface temperature stations from 1998 to 2010 were analyzed. Five 
events associated with extremely cool temperatures in this region were identified from these records and taken 
as study cases. Sea temperatures decreased about 8-9ºC during these events and occurred while cold fronts were 
present in the Caribbean, with strong trade wind conditions over Central America. These strong wind conditions 
may have favored the offshore displacement of the sea surface water. The axis of Bahía Culebra runs northeast-
southwest, a condition that favors and triggers cool water events, mainly because the displaced water is replaced 
by water from deeper levels. Rev. Biol. Trop. 60 (Suppl. 2): 173-186. Epub 2012 April 01.

Key words: Bahía Culebra, Gulf of Papagayo, Costa Rica, sea subsurface temperature, upwelling, cold fronts-
outbreaks, Central America.

During the boreal winter, Central Amer-
ica experiences an intensification of the trade 
winds as well as a southwardly intrusion of 
cold air masses, known as cold fronts or “cold 
outbreaks” (Amador et al. 2006). The con-
cept of “cold outbreaks” includes a synoptic 
configuration wherever they are present, be 
it a cold front or a shear line, followed by an 
advection of cold air, whose main character-
istic is a migratory anticyclone in the lower 
troposphere (Zárate 2005). The cold fronts, and 
the accompanying winds from the north, arrive 
most frequently to Central America between 
December and March (González 1999, Brenes 
et al. 2003), but reach their maximum intensity 
in January (Zárate 2005). These cold winds are 
locally known as “nortes” (Magaña et al. 1999, 
Magaña & Vázquez 2000). The cold air masses 
associated with the fronts come from northern 
Canada and the polar region. They may reach 

tropical latitudes in the Caribbean, and affect 
even the northern parts of South America 
producing strong winds and rain events on the 
Caribbean Sea basin (Amador et al. 2006).

The intrusion of cold fronts in the Caribbe-
an Sea, specifically their arrival to the Hondu-
ras Gulf is one of the conditions that originate 
the Caribbean “temporales” in Costa Rica (Fal-
las & Oviedo 2003). A “temporal” is defined 
as “a condition of several days of cloudy skies, 
with at least 24 hours of persistent rains of 
variable intensity, with outbreaks of rain at 
any time of the day” (Fallas & Oviedo 2003). 
As a consequence of the Foehn or Föhn effect 
(Oliver 2005), whenever such conditions are 
present in Costa Ricas’s Caribbean watershed, 
the Pacific coast usually remains drier, windier 
and warmer (Alvarado 2001).

The southward movement of these polar 
air masses creates strong pressure gradients 
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between the Caribbean and the tropical eastern 
Pacific regions (Amador et al. 2006). Winds 
are funneled through topographic depressions 
in Central America, such as the one located 
in the lowlands of southern Nicaragua and 
northern Costa Rica, where windspeeds reach 
up to 50 ms-1 at 10 m. These wind jets (locally 
known as “papagayos”) may blow as far as 500 
km off the Pacific coast, and have a time scale 
in the order of weeks (Fiedler & Talley 2006, 
Kessler 2006).

Strong-wind conditions are associated 
with the upwelling off the coast of southern 
Nicaragua and northern Costa Rica, the Gulf of 
Papagayo, largely due to the pumping Ekman 
Effect (Kessler 2006). According to Alfaro and 
Lizano (2001), the El Niño-Southern Oscilla-
tion (ENSO) signal dominates the inter-annual 
variability in the Golfo de Papagayo upwelling 
region. Alfaro et al. (2011), describes also the 
possible sources of variability for monthly or 
seasonal warm and cold events in the sea tem-
perature of Bahía Culebra.

It has been documented that the funneling 
of these strong northeasterly winds through 
passages in the mountains produces upwell-
ing in the semi-enclosed bodies in the Pacific 
coast of Costa Rica (Jiménez 2001a, Brenes 
et al. 2003). The winds drive the surface water 
off a gulf or a bay thus causing this water to 
be replaced by cooler water from the depths. 
In Bahía Culebra (Fig. 1, more specifically 
at Güiri-Güiri reef) Jiménez (2001a) record-
ed sea subsurface temperatures ranging from 
9.9 to 31.6°C. During the upwelling period 
(defined by the authors as December – April 
associated with the dry season) sea subsur-
face temperatures are significantly lower than 
in the non-upwelling period (rainy season, 
May to November).

The objective of this work is both to study 
the cold events that could be inferred by study-
ing the registered sea subsurface temperatures 
(SSbT) in Bahía Culebra, and also to analyze 
the synoptic conditions of the historical sources 
in which they occurred in order to identi-
fy the atmospheric mechanisms that favored 
their appearance.

MATERIALS AND METHODS 

Sea subsurface temperature data (Hobo-
temp® loggers, Onset Computer Corp. ) from 
9 stations located in Culebra Bay, Costa 
Rica, were analyzed (Table 1, Fig. 1). Table 
1 includes features such as depth of station, 
period of analysis and percentage of missing 
data. Data loggers recorded temperatures every 
30 minutes, and were replaced every month for 
12 years, from 1998 to 2010. In Güiri somero, 
Rodolitos and Playa Blanca data recording 
started in 1999, 2003 and 2004, respectively.

As a first step, time-series with a time-
resolution of 1 hour were produced for each 
station. The missing data from the hourly 
registers were completed with the historical 
average for the corresponding series. In order 
to filter the daily cycle in the time-series, the 
high-frequency signals were filtered with a 
triangular moving average of 169 data points 
(approximately 7 days), according to Soley 
(1994). To illustrate this, the filtered time 
series for Güiri profundo station is shown in 
Figure 2. In this station, the main cool peaks 

Fig. 1. Geographic distribution of the stations used in Bahía 
Culebra. Notice that in the location marked as Güiri-Güiri, 
three records are collected defined as somero, intermedio 
and profundo in Table 1. Crosses show the position of the 
stations.
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in SSbT were of approximately 8-9ºC below 
the average. Once filtered, the time-series were 
visually and simultaneously examined in order 
to select the five cases with the lowest SSbTs. 
The selected time-periods were then normal-
ized by subtracting the monthly values from 
the series historical monthly average and by 
dividing it by the historical monthly standard 
deviation values (i.e. from all the hourly data of 
the corresponding month presented in the time 
series, see Alfaro et al. 2011 for these monthly 

values). This allowed for comparison between 
events, removing the influence of the annual 
cycle, as well as for comparison between sam-
pling sites, removing the spatial variability. For 
each station, the onset of the event was defined 
as the time at which the normalized series start-
ed to decrease; the end of the event was defined 
as the moment at which the normalized series 
ceased to increase. The magnitude of the cool 
water events was defined as the value localized 
in the minimum of the valley of the event.

TABLE 1
Station coordinates, period and percentage of missing data in the records. All of them started in 1998 and finished 
in 2010, except for Güiri Somero, Rodolitos and Playa Blanca that started in 1999, 2003 and 2004, respectively

Station
Latitude

(N)
Longitude

(W)
Depth
(M)

Start End Percentage of
missing datamonth day hour month day hour

Cacique 10°34’24.35” 85°41’56.76” 3.5 5 28 13 1 20 9 15.78

Esmeralda 10°35’49.18” 85°39’12.75” 7.5 2 24 15 1 1 17 22.33

Güiri intermedio 10°36’51.40” 85°41’22.39” 8.0 2 24 15 1 20 11 5.97

Güiri profundo 10°36’ 52.02” 85°41’23.13” 12.0 2 24 15 1 1 17 9.56

Güiri somero 10°36’50.12” 85°41’20.38” 4.0 2 1 0 1 1 17 16.72

Palmitas 10°38’42 .72” 85°41’15.73” 5.5 3 23 15 1 21 9 16.45

Playa Blanca 10°36’37.71” 85°41’9.86” 3.5 3 1 0 1 20 11 7.55

Pelonas 10°34’43.89” 85°42’36.25” 7.5 2 24 15 1 1 17 21.61

Rodolitos 10°38’32.58” 85°39’10.48” 3.5 6 26 10 1 20 13 21.03

Fig. 2. Subsurface sea temperature recorded in the Güiri profundo station (Fig.1 and Table 1). The record has hourly 
resolution and was smoothed using a triangular moving average of 169 data points. The horizontal line is the series average.
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Mean hourly data (November 1998 to 
November 2007) from the National Meteo-
rological Institute (IMN in Spanish) Liberia 
meteorological station was examined in order 
to compare SSbT anomalies with the magni-
tude of the surface wind. Located at 10º35’N, 
85º32’W and 80 meters above sea level (http://
www.imn.ac.cr, last visit 25/02/2011) Libe-
ria station is the closest meteorological sta-
tion (13.5 km approximately) to Culebra Bay. 
Hourly data was examined in the same fashion 
as data for the identified cooling events. Liberia 
station daily wind mean magnitudes from the 
record at the NOAA National Climatic Data 
Center (http://www7.ncdc.noaa.gov/CDO/cdo, 
last visit 25/02/2011) between January 1977 
and June 2009 was also examined and ana-
lyzed similarly to the hourly data, but since 
this is a daily record, data were smoothed with 
a triangular moving average of 7 data points 
(Soley 1994). This record helped in analyzing 
the wind for events identified after 2007. Wind 
magnitudes at the Liberia station are plotted 
multiplied by -1, which means that negative 
(positive) values correspond to positive (nega-
tive) normalized wind anomalies. This method 
of plotting the wind magnitude in Liberia was 
applied to all figures that include this vari-
able, in order to facilitate their comparison 
with the SSbT.

Wind vectors described by Wesson-Acuña 
(2005) for Bahía Manzanillo, within Bahía 
Culebra, between December 2003 and June 
2005 were also examined. Data was collected 
with a 5-minute temporal resolution using an 
anemometer located 5.5 m above the surface, at 
10º38’35’’N and 85º39’08’’W (see Fig. 2, from 
Wesson-Vizcaíno 2006). Based on that infor-
mation, the zonal (u) and meridional (v) wind 
components were estimated, as well as the 
hourly values, and subsequently filtered with a 
triangular moving average of 169 data points. 
The normalization of the wind components, 
u and v, was completed with the average and 
standard deviation values for the month cor-
responding to the cooling event under analysis.

Finally, the synoptic information corre-
sponding to the cooling events was obtained 

from the IMN of Costa Rica Monthly Bul-
letin and complemented with sea surface tem-
perature (SST) data from Reynolds and Smith 
(1994), centered at 10.5ºN 85.7ºW, from a 2º 
x 2º grid. Zárate (2005) provided data for the 
annual occurrence of “cold fronts or outbreaks” 
in the Caribbean. Climate variability indexes 
associated to ENSO, the Tropical North Atlan-
tic region (TNA, Alfaro 2000) and the North 
Atlantic Oscillation (NAO, Hurrell 2005) were 
accessed consulting the NOAA climate index 
base (http://www.cpc.ncep.noaa.gov/data/indi-
ces/, last visit 02/03/2011).

RESULTS

January 2001: Figure 3 shows the mean 
hourly values for six of the SSbT recorded this 
month (no data were available for Esmeralda, 
Playa Blanca and Rodolitos stations).

From the SSbT normalized anomalies 
obtained by averaging of all stations, it was 
found that the event started in the afternoon of 
the 19th and ended the night of the 30th. Con-
sequently the event lasted an average of 11.4 
days. The maximum magnitude of the cooling 
reached -4.6 the morning of the 25th. SSbT 
readings were below average for January at the 
onset and also at the end of the event, which 
coincided with an increase in the wind mag-
nitude in Liberia. Winds reached its maximum 
value the 29th, and maintained strong condi-
tions throughout the event.

Table 2 shows a characterization of the 
event at the different stations. In Güiri somero 
the event began earlier and lasted longer than 
in any other station. The onset of the event was 
delayed at Cacique, where SSbT showed the 
weakest anomaly. The strongest anomaly was 
registered at Pelonas, where the event finished 
earlier than those of the rest of the stations.

March 2004: For this and for the follow-
ing event, there are data available for all the 
stations. The event started the night of March 
5th, amongst temperatures below average for 
the month, and concluded at dawn of the 17th. 
It lasted on average 11.3 days (Fig. 4) with 
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Fig. 3. Average subsurface sea temperature normalized anomaly (solid line) recorded in Bahía Culebra stations, from 19th 
to 30th of January, 2001. Normalized anomaly (x-1) for the wind magnitude recorded at Liberia’s meteorological station 
(line with squares).

TABLE 2
Station characteristics for the January 2001 event (nhd: no data available)

Station
Start End Length

(days)
Magnitude

month day hour month day hour standardized anomaly day hour

Cacique 1 20 19 1 31 2 11.29 -4.36 25 12

Esmeralda nhd nhd nhd nhd nhd nhd nhd nhd nhd nhd

Güiri intermedio 1 19 15 1 30 20 11.25 -4.49 25 11

Güiri profundo 1 19 11 1 30 22 11.50 -4.60 25 4

Güiri somero 1 19 13 1 31 4 11.67 -4.63 25 7

Palmitas 1 19 16 1 30 20 11.21 -4.62 25 8

Playa Blanca nhd nhd nhd nhd nhd nhd nhd nhd nhd nhd

Pelonas 1 19 15 1 30 19 11.21 -4.79 25 4

Rodolitos nhd nhd nhd nhd nhd nhd nhd nhd nhd nhd
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Fig. 4. Average subsurface sea temperature normalized anomaly (solid line) recorded in the Bahía Culebra stations, from 
5th to 17th of March, 2004. Normalized anomaly (x-1) for the wind magnitude recorded at Liberia’s meteorological station 
(line with squares).
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colder than average temperatures. Maximum 
magnitude was measured in the early morning 
hours of the 10th, with a value of -2.4. Through-
out the event, strong winds prevailed at Liberia 
station, where anomalies, mainly associated 
to NE winds, reached a maximum on the 13th, 
while northerly winds reached their maximum 
magnitude on the 8th (Fig. 5).

The event began to first develop in Palmi-
tas station, and lastly in Rodolitos. Rodolitos 
temperatures were not as low as in the rest of 
the locations with the event ending sooner. The 
sharpest descents in temperature were mea-
sured at Güiri somero, while in Playa Blanca 
the cooling effect remained longer than in any 
of the other stations (Table 3).

April 2004: This event, as did the January 
2001 event, recorded a very strong anomaly. 
From the average of all stations, the anomaly 
reached a minimum of -4.6 on the 18th at night. 
The event started in the afternoon of the 11th 
and ended in the morning of the 26th, having 
a duration of 14.7 days. During this event, 
weather conditions for April were warmer than 
average. The onset of the event was accompa-
nied by a strengthening of the wind magnitude 
at the IMN Liberia station, where maximum 
magnitude was reached on April 15th (Fig. 6). 
NE wind anomalies remained in Bahía Manza-
nillo from April 13th to April 21st (Fig. 7). 

The event started and finished first 
in Pelonas. The event started last in Playa 

TABLE 3
Station characteristics for the March 2004 event

Station
Start End Length

(days)
Magnitude

month day hour month day hour standardized anomaly day hour

Cacique 3 5 22 3 17 2 11.21 -2.92 10 8

Esmeralda 3 6 3 3 17 2 11.00 -2.15 10 9

Güiri intermedio 3 5 18 3 17 2 11.38 -2.33 10 5

Güiri profundo 3 5 15 3 16 23 11.38 -2.22 10 0

Güiri somero 3 5 20 3 17 4 11.38 -2.80 10 7

Palmitas 3 5 12 3 17 5 11.75 -2.49 10 3

Playa Blanca 3 6 9 3 17 17 11.38 -2.30 11 2

Pelonas 3 5 20 3 17 1 11.25 -2.35 10 3

Rodolitos 3 6 11 3 12 22 6.50 -2.07 10 15
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-1.5
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-2.5

Day

6 8 10 12 14 16 18

Fig. 5. Normalized anomaly for the zonal (u, solid line) and meridional (v, squared line) wind components, recorded in Bahía 
Manzanillo, Bahía Culebra, from 5th to 17th of March, 2004.
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Blanca (Table 4). Rodolitos exhibited both 
the strongest anomaly and longest duration 
of the event. Esmeralda recorded the weakest 
anomaly (Table 4).

February 2009: The cooling event devel-
oped in conditions warmer than average for 
the month, but ended in conditions slightly 
cooler (Fig. 8). No data were available for the 
Cacique and Pelona stations. No records of the 
beginning of the event were available for Güiri 
somero and neither for Playa Blanca (Table 
5). On average, the cooling started on the 
afternoon of January 29th and ended on Febru-
ary 15th, also in the afternoon, and reached its 

highest peak in the morning hours of February 
7th. The event lasted on average 17 days, and 
had a mean magnitude of -3.7. Winds at the 
Liberia station started to blow stronger on Feb-
ruary 2nd, reaching their maximum on the 8th, 
and remained strong until the 10th of February.

The event first developed at Güiri interme-
dio, and started last at Rodolitos. The strongest 
anomaly was recorded in Playa Blanca, the 
weakest, in Esmeralda. The event appears to 
have ended first in Güiri profundo, then last in 
Playa Blanca (Table 5).

March 2009: This event developed during 
cooler than average conditions for the month 
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12 14 16 18 20 22 24 26

Fig. 6. Average of the subsurface sea temperature normalized anomaly (solid line) recorded in the Bahía Culebra stations, 
from 11th to 26th of April, 2004. Normalized anomaly (x-1) for the wind magnitude recorded at Liberia’s meteorological 
station (line with squares).
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Fig. 7. Normalized anomaly for the wind zonal (u, solid line) and meridional (v, squared line) component, recorded in Bahía 
Manzanillo, Bahía Culebra, from 11th to 26th of  April, 2004.
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TABLE 4
Station characteristics for the April 2004 event

Station
Start End Length

(days)
Magnitude

month day hour month day hour standardized anomaly day hour

Cacique 4 11 14 4 26 0 14.46 -4.49 18 19

Esmeralda 4 11 18 4 26 11 14.75 -4.14 19 2

Güiri intermedio 4 11 15 4 26 0 14.42 -4.31 18 20

Güiri profundo 4 11 12 4 25 22 14.46 -4.16 18 19

Güiri somero 4 11 16 4 26 3 14.50 -4.64 18 22

Palmitas 4 11 17 4 26 10 14.75 -4.94 18 18

Playa Blanca 4 12 4 4 27 2 14.96 -5.02 19 10

Pelonas 4 11 6 4 25 18 14.54 -4.37 18 18

Rodolitos 4 11 22 4 27 5 15.33 -5.07 19 9

1
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-2

-3

-4

-5

Day
28 30 1 2 3 4 5 6 8 9 10 11 13 14 15

Fig. 8. Average of the subsurface sea temperature normalized anomaly (solid line) recorded in the Bahía Culebra stations, 
from 29th of January to 15th of February, 2009. Normalized anomaly (x-1) for the wind magnitude recorded at Liberia’s 
meteorological station (line with squares).

TABLE 5
Station characteristics for the February 2009 event (nhd: no data available)

Station
Start End Length

(days)
Magnitude

month day hour month day hour standardized anomaly day hour

Cacique nhd nhd nhd nhd nhd nhd nhd nhd nhd nhd

Esmeralda nhd nhd nhd 2 15 17 nhd -3.29 7 11

Güiri intermedio 1 28 9 2 15 11 18.13 -3.51 7 0

Güiri profundo 1 30 17 2 15 10 15.75 -3.52 6 22

Güiri somero NaN NaN NaN 2 15 12 nhd -3.60 7 2

Palmitas 1 29 10 2 15 18 17.38 -3.78 7 10

Playa Blanca nhd nhd nhd 2 16 1 nhd -4.43 7 12

Pelonas nhd nhd nhd nhd nhd nhd nhd nhd nhd nhd

Rodolitos 1 31 9 2 15 16 15.33 -4.20 7 2
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of March. The event started in the afternoon 
on February 28th, and ended in the morning 
on March 16th in cooler than average condi-
tions. It remained in place for an average of 
15.6 days, and it reached a maximum of -3.4 at 
night on March 5th (Fig. 9). As in the previous 
case (February 2009), no records were avail-
able for Cacique or Güiri somero. Also, no data 
were available to determine the beginning of 
the event at Pelonas (Table 6). The preexistent 
cold conditions coincided with the strong wind 
conditions at Liberia, where the intensity of 
the winds reached a peak on March 5th, and 
remained so until the 12th.

The event both started and finished first 
in Güiri profundo. It started last in Esmeralda, 

where the weakest anomaly was recorded. The 
strongest anomaly was observed in Palmitas. 
The latest finishing of this event was observed 
in Playa Blanca (Table 6).

DISCUSSION

In January 2001 three cold fronts reached 
Costa Rica (Alvarado 2001). One of the most 
intense of these arrived on the 25th of the 
month. Average wind velocity analysis showed 
trade winds blowing at higher than normal mag-
nitudes, particularly over the Pacific coast of El 
Salvador, Nicaragua and northeastern Costa 
Rica. According to Alvarado (2001), from 
the 23rd to the 27th of January, a “temporal” 

TABLE 6
Station characteristics for the March 2009 event (nhd: no data available)

Station
Start End Length

(days)
Magnitude

month day hour month day hour standardized anomaly day hour

Cacique nhd nhd nhd nhd nhd nhd nhd nhd nhd nhd

Esmeralda 3 1 4 3 16 9 15.25 -3.26 5 20

Güiri intermedio 2 28 19 3 16 4 15.42 -3.45 5 14

Güiri profundo 2 28 12 3 15 21 15.42 -3.37 5 10

Güiri somero nhd nhd nhd nhd nhd nhd nhd nhd nhd nhd

Palmitas 2 28 19 3 16 0 15.25 -3.61 5 20

Playa Blanca 3 1 13 3 17 13 16.04 -3.58 6 4

Pelonas nhd nhd nhd 3 16 5 nhd -3.45 6 2

Rodolitos 3 1 2 3 16 22 15.88 -3.38 5 7
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Fig. 9. Average of the subsurface sea temperature normalized anomaly (solid line) recorded in the Bahía Culebra stations, 
from 28th February to 15th March, 2009. Normalized anomaly (x-1) for the wind magnitude recorded at Liberia’s 
meteorological station (line with squares).
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impacted both the northern and eastern parts of 
Costa Rica generating a drop in temperatures 
that lasted from January 24th to January 27th. 
These synoptic conditions match the features 
shown on Fig. 3. SST measurements observed 
in the North Pacific coast of Costa Rica in Jan-
uary 2001 were classified as normal, although 
negative anomalies in the equatorial Pacific 
region were observed and associated to the 
ENSO. The North Atlantic Oscillation index 
showed positive SST anomalies for the month 
of January. On the contrary, they were negative 
for the Tropical North Atlantic region.

High-pressure systems persisted during 
March 2004 at different atmospheric levels. 
Trade winds intensity ranged from moderate to 
strong, with occasional gusts of wind, and sev-
eral cold fronts intrusions into the Caribbean 
(Pereira 2004). In Costa Rica, the winds did 
not weaken until the end of the month, which 
coincided with the strong wind conditions that 
characterized the March event (Fig. 4). 

Alvarado (2004) informed that from the 
15th to the 20th of April 2004, there was a sud-
den descent in temperature as a result of the 
trade winds and the passage of a cold front on 
April 15th. The cold front unleashed a “tem-
poral” of small magnitude in the Caribbean 
watershed of Costa Rica. Halfway through 
the month, and again, as a consequence of the 
cold front, temperatures dropped around the 
country, with the trades picking up speed. The 
effect of the cold front was felt in the country 
from the 15th to the 18th of April 2004. A weak 
“temporal” impacted the Caribbean watershed 
including the North Costa Rican region. The 
event was preceded by both a heat wave and a 
collapse of the trade winds. The data presented 
by Alvarado (2004) matches the behavior of the 
wind at Liberia station at the time, as well as 
the SSbT measurements in Bahía Culebra (Fig. 
6). During the 2004 cold events, the ENSO 
phase was considered normal, as well as the sea 
surface temperature in the North Pacific coast 
of Costa Rica. The North Atlantic Oscillation 
showed positive anomalies in March and April 
of 2004, and in the Tropical North Atlantic 

region, the sea surface temperature showed 
positive anomalies.

Quirós (2009) documented extensively the 
synoptic conditions associated to the February 
2009 cold event. She described a cold front 
positioned over Costa Rica from the 3rd to the 
8th of February causing a “temporal” in the 
Caribbean zone of the country. On February 
3rd, she added that the cold front stationed over 
Belize projected a shear line towards Nicara-
gua, and caused an increase in cloud coverage 
over the Caribbean Sea. Several days of windy 
conditions ensued. Gusts of wind of up to 
46 km hr-1 were recorded at Liberia. Quirós 
(2009) states that, on February 5th the cold 
front positioned over Costa Rica intensifying 
the winds. Wind velocity reached 85 km hr-1 in 
Liberia. Windy conditions were associated with 
high-pressure atmospheric systems dominat-
ing the region from southern United States to 
Costa Rica. February 6th recorded the sharpest 
descent in temperatures as a consequence of 
the cold front effect. The “temporal” lasted 
until February 8th. Streamlines showed that on 
February 3rd a “trough” or low atmospheric 
pressure axis developed in the Caribbean sec-
tor between Costa Rica and Panamá, while 
the cold front was stationed in Belize, and the 
shear line to the north of Nicaragua. Between 
February 5th and 6th the shear line moved to 
Panamá and a new cold event impacted the 
country. The incoming winds from the north 
caused a descent in temperatures that lasted 
until February 8th. The intensity of that system 
was reflected in the intensity of the anomalies 
reported by SSbT in Bahía Culebra (Fig. 8). 
There were no reports of precipitation at the 
Liberia weather station for the month of Feb-
ruary, which represented a -1.9 mm anomaly. 
The average maximum and minimum tempera-
ture anomalies in Liberia were 0.3 and 0.6ºC, 
respectively; that is, slightly warm but still 
close to their climatic value.

Alfaro (2009) pointed out that windy con-
ditions prevailed in Costa Rica during the first 
half of March 2009 causing heavy rains in the 
Caribbean zone. According to Alfaro (2009), 
another variable that was affected by the rainy 
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and windy conditions was the air temperature. 
A cold front that arrived at the country at 
the time increased the cloud coverage on 
the Caribbean region and in general affected 
the mean temperatures of the entire country. 
This matched the negative SSbT anomalies 
measured during the March 2009 event (Fig. 
9). Precipitation, along with mean maximum 
and minimum temperature anomalies measured 
-4.5 mm, -0.4 y -1.1ºC, respectively, at the 
Liberia weather station, meaning that condi-
tions were drier and slightly cooler as com-
pared to their climatic value. The ENSO phase 
during the events of 2009 were classified as a 
weak La Niña. Measurements of sea surface 
temperature in the North Pacific of Costa Rica 
were considered below normal. NAO showed 
positive anomalies during March 2009, while 
the anomalies were negative for the TNA index.

As previous paragraphs described, all the 
identified study-cases associated with cold 
anomalies in SSbT in Bahía Culebra are coin-
cident with the intrusion of cold fronts into the 
Caribbean Sea. As trade winds gain intensity, 
they favor an offshore displacement of the sur-
face water in Bahía Culebra. The displacement 
of surface water and its replacement by cooler 
water from deeper layers is responsible for the 
colder SSbT measured at the stations under 
analysis. Fiedler and Talley (2006) pointed out 
that jet-like flows that form in Papagayo dur-
ing the boreal winter produce the upwelling of 
waters located close to the thermocline. This 
mixing of waters takes place at the surface. 

Tables 2-4 describe the main features of 
the cold events. The events tended to appear 
and finish first at Güiri profundo, where mini-
mum temperature was also reached at an ear-
lier stage than in the rest of the stations. This 
observation is consistent with the hypothesis 
that during NE wind burst, there is a displace-
ment of surface water off the Bay and it is 
replaced with colder water from deeper layers. 
The deepest station therefore, responds more 
rapidly to the atmospheric forcing, e.g. the 
presence of intense NE winds similar to those 
associated with the arrival of a cold front to 
Central America. The opposite was observed 

at Playa Blanca. In this station events tended 
to begin and finish later than in the other loca-
tions. Minimum temperature was also reached 
later with the events tending to last longer. This 
could partially be due to the topographical pro-
tection the site exhibits in regard to the NE flow 
(Fig. 1), which would make it respond more 
slowly to the atmospheric forcing. This station 
however, exhibited one of the lowest tempera-
tures recorded. In Pelonas, located outside the 
bay, events tended to be shorter compared to 
sites inside the bay, which could have been 
related to entrainment processes in this semi-
enclosed body of water. The magnitude of the 
cold-water events was weaker at Esmeralda 
station, at the southwest of the bay, perhaps due 
to a local circulation. This hypothesis however 
needs further examination. It is worth noting 
that Jimenez (2001b) reported from this station 
a reef-building coral not found in any of the 
other sites examined in the bay.

No correlation was found between the 
occurrence of study-cases and a specific ENSO 
phase; however, all the studied events took 
place under positive NAO index values. This 
index is a comparison between the centers of 
high sea level pressure of the North Atlantic 
and the polar low (Hurrell 2005). The posi-
tive anomalies of the index therefore indicate 
a strengthening of the subtropical high and 
at the same time a strengthening of the trade 
winds in low latitudes, particularly in the Atlan-
tic, with normally negative anomalies for the 
sea surface temperature in the Tropical North 
Atlantic region.

Zárate (2005) suggests that one source for 
the climatic variability of these “cold fronts” 
is the NAO. This correlates positively with the 
Arctic Oscillation, being that the NAO is one 
of its components. Also, the NAO presents a 
negative correlation with the sea surface tem-
perature in the Tropical North Atlantic region. 
In order to examine in more detail the possible 
correlation between the North Atlantic Oscil-
lation and the sea surface temperature in the 
Tropical North Atlantic region, as probable 
sources of climate variability, together with the 
cool subsurface water events observed in Bahía 



184 Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 60 (Suppl. 2): 173-186, April 2012

Culebra, the correlation coefficients between 
the annual number of cold fronts observed in 
the Caribbean from 1975-76 to 2000-01 (Zárate 
2005) and the three month index average of 
the NAO and the sea surface temperature in 
the Tropical North Atlantic region are plotted 
in Figure 10. Cold fronts time series elabo-
rated by Zárate (2005) didn’t show any statisti-
cal significance in its trend from 1975-76 to 
2000-01, in which 426 events were identified. 
Although the time series for the occurrence of 
cold fronts in the Caribbean is relatively short, 
it is possible to observe that during the boreal 
winter, the NAO positive (negative) values tend 
to be coupled with boreal winter periods of low 
(high) occurrences of cold fronts in the Carib-
bean, and also with negative (positive) anoma-
lies in the Tropical North Atlantic region (Fig. 
10), as stated by Hurrell (2005) and Zárate 
(2005). “Cold fronts”, as we suggested above, 
are the atmospheric forcing for the cold events 
observed at Bahía Culebra.
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RESUMEN 

Bahía Culebra, localizada en el Golfo de Papagayo, 
al norte de la costa del Pacífico de Costa Rica, es un área 
de afloramiento estacional, en donde pueden ocurrir even-
tos de enfriamiento más intensos, principalmente durante 
algunas semanas del invierno boreal. Para estudiar estos 
eventos de enfriamiento extremo, se analizaron datos de 

Fig. 10. Pearson correlation coefficients between the annual number of cold fronts observed in the Caribbean, from 1975-76 
to 2000-01 (Zárate 2005) and the three month index average of the North Atlantic Oscillation (black line) and the sea surface 
temperature in the Tropical North Atlantic region (gray line). Squares are values with statistical significance greater than 
99%, triangles between 95 and 99%, diamonds between 90 and 95% and asterisks are smaller than 90% (sensu Davis 1976).
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nueve estaciones con registros de la temperatura sub-
superficial del mar, desde 1998 hasta el 2010. A partir 
de estos registros, se identificaron cinco casos de estudio 
asociados a enfriamientos del mar en la región. Los des-
censos de la temperatura de estos eventos fueron de aproxi-
madamente 8-9ºC y se asociaron al paso de empujes fríos 
en la región del Caribe y una fuerte magnitud del viento 
alisio sobre América Central. Este reforzamiento del flujo 
alisio favorece el desplazamiento del agua superficial hacia 
afuera de Bahía Culebra, cuyo eje principal se ubica en la 
dirección noreste-suroeste. Lo anterior favorece y provoca 
un enfriamiento de la temperatura del mar en la bahía, ya 
que el agua desplazada es reemplazada por aguas más frías 
provenientes de profundidades mayores.

Palabras clave: Bahía Culebra, Golfo de Papagayo, Costa 
Rica, temperatura sub-superficial del mar, afloramiento-
surgencia, frentes-empujes fríos, América Central. 
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