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SOME ASPECTS OF UPWELLING IN THE GULF OF PANAMA
 

by 

Milner B. Schaefer, Yvonne M. M. Bishop and
 
Gerald V. Howard
 

INTRODUCTION 

Strong coastal upwelling occurs in the Gulf of Panama regularly each 
year during the season, from about January through April, when strong 
northerly winds are blowing offshore. Fleming (1940) has demonstrated 
the relationship between northerly WiIlds and certain physical phenomena 
in the Gulf, based on long-term monthly averages of wind, tenlperature, sea 
level, and surface salinity. He has also shown a close relationship among 
variations in wind, surface temperature, and sea level during January-June 
1933. From the vertical distribution of temperature and salinity at stations 
in the outer part of the Gulf of Panama, occupied in different months (al
though not in the same year), he has inferred that during the upwelling 
period some 75 meters of water are driven offshore and replaced by cold, 
highly saline water. In another paper Fleming (1935) has examined some 
of the details of temperature and salinity distributions in the Gulf during 
the upwelling period ill 1933, based on data collected aboard the ass Han
nibal. 

The occurrence of this seasonal upwelling in the Gulf of Panama is be
lieved to be responsible for high biological production, which supports 
sizable stocks of commercially important organisms. This region, for ex
ample, is an important source of the tuna baitfish Cetengraulis mysticetus 
(Alverson and Shimada, 1957) and supports a sizable shrimp fishery (Bur
kenroad, Obarrio and Mendoza, 1955). 

Because of the evident inlportance of upwelling to the ecology of the 
Gulf of Panama, we commenced in the fall of 1954 a study of various physi
cal, chemical, and biological phenomena associated therewith. Observations 
were taken at bi-weekly intervals at a fixed location in the Gulf (approxi
mately 10 miles SE of Taboga Island) to supplement the serial observations 
of sea level, sea temperature, and winds that have been gathered for many 
years by the Panama Canal Company. 

In addition, we have studied in some detail the records of wind direc
tion and velocity, sea level, and sea temperature collected for many years 
by the Panama Canal Company at Balboa, plus some data from Cristobal 
(on the Atlantic side of the Isthmus of Panama), and certain offshore sea
surface temperature data compiled by the Japanese Imperial Marine Ob
servatory, with a view to elucidating the interrelationships among these 
data, both with regard to long-term averages and with respect to year-to
year variations. We were also interested in the possibility of forecasting, 
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since M. D. Burkenroad (personal communication) had suggested the pos
sible existence of a regular cycle in the phenomena (especially tempera
ture) related to llpwelling. 

PHYSICAL AND BIOLOGICAL DATA, 1954-1956 

In November 1954 there was established a sampling location, in the 
inner part of the Gulf of Panama between Balboa and Las Perlas Islands, 
at 8°45'N, 79°23'W, which lies approximately 10 miles southeast of Taboga 
Island. The depth here is about 42 meters at mean low water. At this station 
are taken, at bi-weekly intervals: a bathythermograph cast; a Nansen bottle 
cast to obtain water sample for determination of salinity, oxygen, and 
(since July 1955) inorganic phosphate; a vertical haul from bottom to sur
face with a phytoplankton net of 25-cm. mouth-diameter (the net being of 
No. 20 bolting silk or 18XXX grit-gauze, both having 0.076 mm. apertures) ; 
and an oblique haul, of 25 minutes duration, from bottom to sllrface with a 
zooplankton net of half-meter mouth-diameter (with40XXX grit-gauze 
body and 56XXX cod-end). 

Phytoplankton volumes are expressed as "settling volumes" in milli
liters per cubic meter of water strained, the volumes strained being calcu
lated from the diameter of the net and the vertical distance hauled. "Sett
ling volumes" are determined by placing the catch of the net in a 50 ml. 
graduated cylinder full of seawater and allowing the material to settle for 
24 hours, at the end of which time the volume of the settled material is read. 

Zooplankton volumes are expressed as displacement volumes in n1illi
liters per 1000 cubic meters of water strained, the volume strained being 
calculated from the diameter of the net and the effective distance of tow 
as measured by an "Atlas" current meter mounted in the mouth of the net. 
The "displacement volumes" are measured by draining the catch of the net 
in a funnel of grit-gauze, placing the drained plankton in a graduated cylin
der, adding a known volume of water, and observing the volume displaced 
by the drained plankton. In order to eliminate the effects of occasional 
catches of large jellyfish, salps, etc., organisms whose individual volumes 
are greater than 5 cc. are removed before measuring the displacement 
volume. 

In the top four panels of Figure 1 are shown the changes in depth with 
time of isopleths of temperature, salinity, oxygen, and inorganic phosphate 
at the fixed station, for the period November 1954 through December 1956. 
In the next two panels are shown the values of mean monthly sea level 
from tide-gauge records at Balboa, and the daily mean sea-surface temper
ature at Balboa from records of a thermograph with th.e sensing element 
maintained at 3 feet below the sea surface. Similar temperature data from 
a thermograph operated at Taboga Island during portions of this time
period are shown in the next panel. In the bottom two panels are shown 
the mean daily wind from the northern and southern sectors, and the mean 



81 UP"\VELLING IN PANAMA 

daily wind from true north alone, as recorded by the Panama Canal Co. 
station at Balboa Heights. Winds are recorded by eight compass directions. 
Northerly winds are winds from N, NE, and NW. Southerly winds are those 
from S, SE, and SW. 

The relationships between the occurrence of northerly winds and phy
sical and chemical phenomena indicating upwelling are clearly illustrated 
by the Figure. It appears, however, at least during the t,vo up\velling periods 
completely represented, that the changes in sea temperature and sea level 
at Balboa and in physical and chemical properties at the fixed station are 
better correlated with north wind alone than with all winds from northerly 
directions. 

It may be seen that during each upwelling period the warm, lovv salin
ity water is replaced by colder water of higher salinity. Water of 22° to 
24°C, and salinity abollt 34 %0, which occurs ne3.r the bottom during the 
remainder of the year, is brought to the surface during the upwelli11g 
periods. Water of this same temperature and salinity was encountered at 
35 to 50 meters (at stations 47,48, 49, 50) off the mouth of the Gulf by the 
Eastropic Expedition in November 1955 (Anon., 1956). It would appear 
that during the upwelling periods observed here, some~rsof water 
are blown offshore and replaced by deeper water, or, in other words, the 
whole water column at this insl10re station is replaced by upwelled water. 

The water near the bottom at the fixed station in the Gulf appears to 
originate from even deeper levels offshore. At the height of the upwelling 
season, this water has a temperature of abollt 14°C, salinity 35 %0, oxygen 
less than 1 ml/l, and phosphate about 3 fLg atoms per liter. This corresponds 
to water from about 100 meters depth at the Eastropic stations mentioned 
above. 

It is interesting to note that the oxygen above about 15 meters is not 
decreased at the fixed station during the upwelling periods, but actually 
increases. It is believed to be rapidly produced by the quickly grovving 
phytoplankton population during these times. Similarly, the surface phos
phate increases but does not attain the value found in water of the same 
temperature and salinity at other depths dllring the rest of the year, be
cause it is being rapidly taken up by the biosphere. 

T occurr 56 of an ap arent ' ulti Ie" erio g 
is of interest. It may be seen that the northerly winds were strong in late 
r5ecember and early January, slackened off during late January and the 
first half of February, then increased again in late February and March. 
The north component alone shows four peaks. There are three sharp drops 
in sea temperature at Balboa, with recovery in between, corresponding to 
the first tl1ree wind peaks, with a lag of about 10 to 14 days. These inter
ruptions are also reflected in the distriblltions of temperature, saliI1ity, oxy
gen, a11d phosphate at the fixed station, particularly the effect of the period 
of negligible north wind from January 23 to February 10. 
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Some of the effects of the upwelled water on the standing crops of 
organisms are shown in Figure 2. It may be seen that during the early part 
of the llpwelling period each year, there is a marked increase in phyto
plankton settling volumes, followed, after some lag, by large catches of 
zooplankton. During the latter part of the upwelling period each year, 
which corresponds more or less to the peak average zooplankton volumes, 
the phytoplankton is apparently somewhat less abundant than earlier. This 
may reflect the effect of grazing by the zooplankton on the phytoplankton. 

EXAMINATION OF LONG-TERM RECORDS OF
 
PHYSICAL PHENOMENA
 

Data employed 

Data available for studyi11g the upwelling in the Gulf of Panama include 
those for sea level, sea-surface temperature and winds at Balboa, all re
corded by the Panama Canal Company. This study is based primarily on 
these records, with the additional use of Japanese records of offshore sea
surface temperatures, and of winds at Cristobal also recorded by the Pana
ma Canal Company. 

The sea level was derived from the hourly heights recorded by a Friez 
Water Stage Register placed on the end of a pier near the entrance to the 
Panama Canal and referred to the minus 2.000 ft. Panama Canal precise 
level datum; the values available were the monthly means expressed to the 
nearest 1/1000 ft. These records are now available from 1908-1956, but 
when this investigation was beglln they were only available to 1953, con
sequently son1e of the calculations are based on only the earlier 46 years, 
as it was not considered necessary to recalculate the correlation coefficients 
to include the last three years. The daily sea-surface temperature records 
for Balboa were similarly available for 1909 to 1953 and 'were later brought 
up to date; they were taken at the same position as the sea-level recordings. 
Mean daily temperatures calculated from the bi-hourly means were given 
to the nearest 1/10°F. A further series was derived from these daily tem
peratures by counting the number of days when the mean daily sea-surface 
temperature was 76°F or colder. (As only monthly mean temperatures were 
available for 1908, this series runs from 1909). 

Available wind data for Balboa covered the years 1915-1956 and gave 
for each day the total number of miles of wind and the hours of blowing, 
for each of eight compass directions. They were obtained from 1915 to 1928 
by a 4-cup anemometer and from 1929 to 1937 by a 3-cup anemometer, 
both placed 97 feet above the ground on Ancon HilL The records of winds 
at Cristobal were also investigated; they were in the same form as those 
for Balboa and were available for the years 1908-1956. Prior to 1919 the 
elevatio11 of the anemometer was changed several times but since then all 
the readings have been from a 92-ft. elevation, a 4-cup instrument being 
employed through 1928 and a 3-cup instrument thereafter. Both Balboa 
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and Cristobal wind records were obtained from continuously recording 
anemometers. 

For purposes of comparison of offshore sea-surface temperatures with 
sea-surface temperatures in the Gulf of Panama, the only available records 
were those published by the Japanese Imperial Marine Observatory at 
Kobe. These are based on observations made by passing vessels and are 
given to the nearest 1/10°C for 5-degree squares for each month each year. 
They cover the years 1916-1938 with some change of the latitudinal boun
daries. The latitudinal band of greatest interest to us is given as from 6°N 
looN for 1916-1925, 6°N -11 ON in 1926 and 5°N -looN for the ren1aining 
years. 

We 11ave employed the data for the "squares" within the band lying 
between longitudes 80° and 85°W, and between 85° and 90 0 W, and have 
designated them as lying between 5° and looN; we also, subsequently, 
sometimes refer to them as the "nearer square" and the "further square", 
respectively. There are some gaps in the data and there is no indication of 
the number of readings on which each published average is based, but they 
are believed to be sufficiently reliable to give a general picture for purposes 
of comparison. 

Average monthly variations 

The mean monthly sea-surface temperatures and mean monthly sea 
levels at Balboa have be211 averaged over 46 years (1908-1953) and are 
shown by the upper two curves in Figure 3, the horizontal dotted lines 
representing the mean annual values averaged over the same period. (The 
third curve will be explained later). As expected, a substantial drop below 
the average level of the annual values is evidenced by both variables in the 
m011ths, January, February, March and April. (These tour months are here
after referred to as the ((spring" months). There is also a remarkable simi
larity between the two curves; linear correlation of the 12 montl1ly values 
gives a product-moment correlation coefficient r == 0.96, and of the 4 spring 
months a coefficient r == 0.98, showing that the relative changes of the two 
variables agree very closely. 

A similar comparison has been made between sea level and winds. The 
index used for measuring winds is the total number of miles of northerly 
winds per month (weighted to a 31-day basis). The validity of the use of 
"number of miles" is discussed later, as is the addition of north, northwest 
and northeast winds to give one "northerly" wind value. Comparison was 
made between Balboa sea level and both Balboa and Cristobal winds. The 
average annual patterns are shown in Figure 4, the scale for sea level being 
inverted to show more clearly how the spring drop in sea level corresponds 
with the peak of the northerly winds. The three variables are, for this 
comparison, all averaged over the 42 years 1915-1956. Again these vari
ables were found to be highly significantly correlated except for sea level 
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and northerly winds at Cristobal during the "spring" months. The values 
of the correlation coefficients, as well as those relating sea level and sea
surface temperature are given in Table 1. 1 

In all the comparisons made thus far the data have been taken from 
the Gulf of Panama (or very close to it) and all have sllown a large diver
gence from the annual mean during the "spring" months. To establish that 
this is a feature peculiar to the Gulf, it is necessary to consider adjacent 
areas in the Pacific Ocean. For this purpose, the mean sea-surface temper
atures for the two nearest 5-degree squares in the 50 - 100 latitude band, 
not including the Gulf of Panama, have bee11 abstracted from published 
Japanese data (vide supra), and the average monthly values for the years 
1916-1938 obtained. These have been expressed in Fahrenheit degrees and 
are shown, together with the average Balboa sea-surface temperatures 
during 1916-1938, in Figure 5. For the two offshore squares, each average 
value was derived from at least 20 individual monthly means. It is apparent 
from this Figure that in neither of these offshore areas is there the marked 
drop in sea-surface temperature that occurs at Balboa in the "spring" 
months. 

y,ear-:l:o-year varia:l:ions 

From the foregoing, it appears that the long-term average monthly 
values of Balboa (and Cristobal) northerly wind, Balboa sea-surface tem
perature, and Balboa sea level are closely correlated; while the long-term 
average monthly temperatures at Balboa and in the Pacific further off
shore are not. From this, it may be inferred that the local effect of the 
northerly winds (through causing upwelling) is sufficient to account for 
the average month-to-month changes in sea-surface temperature at Balboa. 

It is of interest, also, to see how closely these several phe110mena are 
related on a year-to-year basis, that is, how well correlated are the year
to-year anomalies of sea level, sea-surface temperature, and winds during 
the upwelling period. 

Anomalies of sea level and sea-surface temperature at Balboa 

Scatter-diagrams relating the sea-surface temperature and sea level 
at Balboa were prepared for each month for the period 1908-1953 and the 
linear regressions were computed. The values of the slope "b" derived from 
the regression of temperature on sea level, the correlation coefficient "r", 
and an indication of the significance of the correlation for each month are 
given in Table 2. Also included in the Table are the coefficients derived 
from the regression of mean annual temperature on mean annual sea level, 
and from the similar regression of mean "spring" temperature on mean 
"spring" sea level. When the monthly values are compared it will be seen 

1 Throughout, values of "r" 'above the 1% probability level are indicated by ** and 
are considered highly significant, and those above the 50/0 probability level by * 
'and are considered significant. 
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that the highest values of "b", and the closest correlations, occur during 
the "spring" months. This is more clearly shown in Figure 3 where these 
values of "b" have been plotted below the graphs of long-term monthly 
averages; the b-values for months of highly significant regression are de
noted by open circles and the remainder by closed circles. 

As interest was centered on the "spring" months when upwelling 
occurs, the relationship between sea level and sea-surface temperature 
during this period was investigated more closely. A second-degree poly
nomial did not give any improvement over the linear relationship form
erly computed, viz: 

y' - 73.69 = 6.32 (x-2) 
Where yl = expected temperature in OF 

x = sea level in feet. 

The deviations of actual from expected temperature, y-y', were ob
tained and are plotted in Figure 6, together with a smoothed curve ob
tained by a moving average of 7. The graph is presented here to show that 
the range of deviations is not very much smaller than the range of actual 
spring temperatures, which are shown in Figure 7. 

Also shown in Figure 7 are the spring sea level and the "cold-days" 
series (number of days when mean sea-surface temperature is 76° or less). 
Such days occurred mostly during the "spring" months, and very occasio11
ally during May. As would be expected there is a 11ighly significant corre
lation between the sea-surface temperature series and the derived cold
days series, the correlation coefficient, r, being 0.935. This series was first 
constructed by the Panama Ca11al Company, and has been examined by 
M. D. Burkenroad who believed it might be a reliable index of temperature, 
and that it possibly showed the existence of regular cycles. This is later 
investigated on pages 89-95. 

It is apparent from Figure 7 that the annual anomalies of the different 
variables do not always coincide in direction, and from a superficial in
spection it was somewhat surprising that the correlation between temper
ature and sea level was as great as 0.54; it was therefore desirable to de
termine whether there were 'underlying long-term trends that could ac
count for much of the correlation. Before doing this, however, we exam
ined the correlation of the year-by-year anomalies of wind with those of 
sea level and sea temperature. 

Wind anomalies 

The relationship between wind-stress on the ocean and wind force is 
dependent on several factors, but two aspects of the wind need always to 
be considered, its velocity and duration. Simple weighting of the average 
velocity during a month by the nllmber of hours of blowing gives a value 
identical to the "nuIYLber of miles of wind" and this index has therefore 
been used to determine whether the winds recorded at Balboa or at Cristo
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bal gave an estimate more closely related to the average force in the Gulf 
(as shown by the relationship to the changes in sea level and temperature) 
and to determine also from which directions the most effective winds blew. 

Since the wind stress on the sea surface, and its consequent effect on 
sea level, is expected to be proportional to the square of the velocity, we 
examined the possibility that the square of the mean monthly velocity 
weighted by number of hours of blowing migl1t be a better estimate of 
effective wind than the total miles of wind. To do this we computed for 
each year, 1915-1956, for the month of January, for observations at Balboa, 
the sum of the weighted squares of the mean velocities from north and from 
northwest, and also the SlIm of the weighted square of the mean velocity 
from the north and north component of the weighted square of the mean 
northwest velocity. These two indices were then correlated with the Janu
ary sea level. In neither case was there any improvement over the coef
ficient of correlation betvveen sea level and the simple index "total miles 
of northerly wind". We have, therefore, elnployed the latter index. 

Balboa and Cristobal winds compared 

Winds at Cristobal were examined because of the possibility that, dur
ing the "spring" months at least, they might be more nearly related to the 
wind stress over the Gulf of Panama than winds at Balboa. The sea level 
and sea temperature at Balboa are, presumably, affected by the wind stress 
over the whole Gulf. Measurements of the vvinds at a single location on the 
shore are probably not representative of this total wind stress. It was 
thought that measurements at Cristobal, on the Atlantic side, where the 
northerly vvinds come in from the open Caribbean, might be more closely 
related to effects in the Gulf than winds at Balboa, because of local, oro
graphic effects at the latter location. As will be shown below, the Cristobal 
winds did not, however, turn out to be as well correlated with the hydro
graphic factors in the Gulf as the Balboa winds. 

It has already been seen from Figure 4 and Table 1 that, particularly 
during the spring, the total miles of northerly Balboa winds (weighted to 
a 31-day-month basis) were more closely related to Balboa sea level than 
the comparable estimates of wind at Cristobal. In order to examine this in 
more detail, the average northerly winds from each locality were broken 
down into three components: north, northwest and northeast. It will be 
seen from Figure 8 that there are several differences in the average winds 
at the two localities: the due north winds at Cristobal are greater than 
those at Balboa and exhibit a secondary peak which is not shown by the 
Balboa nortl1 winds, although a corresponding depression is apparent in 
both sea level and sea temperature (Figure 3); the northwest winds at 
Cristobal are not as great as at Balboa but, whereas the northeast winds 
are comparatively negligible at Balboa, at Cristobal they are greater than 
the northwest. The relative year-to-year fluctuations of the annual values 
of the total northerlies and due north winds at the two locations are shown 
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in Figure 9 and the fluctuations of the three components, north, northeast 
and northwest, during the "spring" months in Figure 10. These figures 
show that tl1ere is greater consistency in the individual components from 
year to year at Balboa than at Cristobal, suggesting, perhaps, that more 
c011fidence may be placed on the average annual trends of the individual 
winds over the period at Balboa than at Cristobal. 

Nevertheless, in view of the similarity between the curve showing the 
long-term monthly average values of due north Cristobal winds and the 
corresponding values of sea level and surface temperature, the Cristobal 
average north winds were correlated with the sea level to determine 
whether they agreed more closely than the Cristobal total northerlies. (It 
was thought that sea level would afford a better comparison than sea
surface temperature as it should more directly relate to wind stress). The 
correlations showed that a closer agreement with sea level was obtained 
from the due north winds alone, which gave a correlation coefficient 
r == - 0.97, compared with r == - 0.94 for the total northerlies for the year, 
and a significant value of r == - 0.93 compared with the non-significant 
value of r == - 0.63 for the four "spring" months. These values have been 
added to Table 1 for convenience. 

The year-by-year values for each month were then· examined. Scatter 
diagrams were drawn and the coefficents resulting from the linear corre
lation of sea level with wind were calculated for each month for which 
there appeared to be anything other than a random scatter of the points. 
The total northerly winds were considered for Balboa and the due north 
for Cristobal; the resulting correlation coefficients with their significance 
are given in Table 3. For no month were the Cristobal winds significantly 
related to the Balboa sea level btlt the Balboa winds were significantly re
lated to Balboa sea level during the four "spring" months. Accordingly 
further investigations of the effect of wind on the sea level were made 
with the Balboa wind data only. 

Before turning to these analyses of Balboa wind there is, however, 
one feature of the Cristobal winds that is worthy of note. This is the abrupt 
rise in the spring value of the northeast wind, and the accompanying drop 
in the north wind that occurred in 1944 and has persisted to 1955 (Figure 
10). Previous high values occurred prior to 1919 when the position of the 
anemometer was last changed but there is no reason to suspect the validity 
of the data after 1919, as no changes in the method of recording have been 
made since that date. It may be that some real natural change has occurred. 

Balboa spring winds from various directions 

To confirm that the sum of all northerly winds was the best index of 
effective Balboa winds during the spring, scatter diagrams were drawn in 
which the mean spring sea-levels each year were plotted in turn against 
total northerlies, against due north alone and against due north-west alone. 
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The north-east alone was ignored as it was relatively small. The due north 
gave a coefficient, r == - 0.38 and the due 110rth-west \vas seen to be no 
better. A closer relationship was given by all northerly Wi11ds with a highly 
significant coefficient r == - 0.55. A slight improvement was obtained by 
taking the due north wind plus the northerly component of the north-west 
which gave r == - 0.57. A z-test showed, ho',vever, that this difference was 
not significant, and so the straight total was used in further cOl'nparisons, 
because the north plus norther11 components of the north-west was a little 
more trouble to compute. 

The spring winds were then similarly compared with the mean spring 
sea-surface temperature. A highly significant correlation coefficient of 0.40 
was obtained for the year-to-year values of these two variables. The num
ber of cold days may also be taken as an index of temperature, as this had 
previously been shown to agree very closely with the mean spring sea 
temperature. Both the due north wind and the total northerly \vinds \vere 
correlated with the number of cold days, giving coefficients of correlation 
of 0.44 and 0.38, respectively, which are quite similar to the correlation of 
northerly wind and spring sea temperature. The results of these spring 
wind comparisons are given in Table 4. 

Multiple correlation of Balboa temperature with Balboa tvind and offshore 
temperature 

It was thought that perhaps a better understanding of the effect of 
wind 011 sea-surface temperature at Balboa might be obtained if the sea
surface temperature at Balboa were considered simultaneously in relation 
to the Balboa winds and to the sea-surface temperature well offshore in the 
Pacific. If a multiple relationship were found to exist jt would imply that 
the temperatures at Balboa are governed partly by local effects of 110rth
erly wind at Balboa, and partly by temperature conditions in this general 
region of the Pacific (due to other causes). 

In order to determine whether the sea-sllrface temperature anomalies 
at Balboa and those offshore were related, the annual values of spring 
temperatures in the two adjacent 5-degree squares in the 5°_10° latitudinal 
band not including the waters of the Gulf (viz: long. 85-90 0 W., called 
square x, and long. 80-85°, called square y) (data of the Japanese Imperial 
Marine Observatory) were correlated with the annual spring temperatures 
at Balboa (position z) for the period 1916-1938 (omitting 1920 for which 
the Japanese data are inadequate). The values of the correlation coeffi
cients obtained are given in Table 5 and show that the temperature anom
alies at Balboa, z, are highly significantly correlated with those of the 
nearer square, y, but not with further square, x, although the two offshore 
areas are highly significantly correlated with each other. 

The long-term monthly average values (averaged over the period 
1916-1938) were then considered. The sea-surface temperature in the 
nearer square, y, the Balboa sea-surface temperature, z, and the miles of 
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northerly winds at Balboa (on a 31-day basis), w, were examined. These 
results are also given in Table 5. As was expected from Figures 4 and 5, 
there was no correlation between the Balboa temperatures and offshore 
temperatures or between the wind and the offshore temperatures. Tl1e 
highly significant correlation coefficient of r == - 0.93 between the Balboa 
temperature and winds was of course similar to that of r - - 0.97 obtained 
previously over a longer period (Table 1). 

The relationships of the yearly anomalies of the spring values of these 
same three variables were also examined and the additional results are 
shown in the Table. The best correlation was obtained between Balboa 
temperatures and the temperatures in square y, for which r = 0.54. The 
good correlation between these two variables has been noted previously. 
The Balboa temperature was related to the Balboa wind with a correlation 
coefficient of r == - 0.37. (Compare with values of Table 4 where the same 
variable over a longer series of years have a correlation coefficient of 
r = 0.40, which, for this longer series, is highly significant). The standard 
errors of estimate for these two single correlations were, however, not very 
different, being 1.431 for the offshore temperature anomalies and 1.578 
for the wind (Table 6). 

The multiple regression of Balboa spring temperature anomalies on 
Balboa wind and offshore temperature anomalies was then computed and 
gave a highly significant correlation coefficient of R = 0.68, and a standard 
error of estimate of 1.271 (Tables 5 and 6). The partial regression coeffi
cients are given in standard terms in Table 6 and show that the Balboa 
temperature is affected to about the same degree by fluctuations in either 
variable. Although the standard errors of estimate, also given in Table 6, 
showed that the inclusion of winds gave a closer fit than the single corre
lation of Balboa temperature and offshore temperature, it was necessary 
to compute the deviations from both regressions and analyze the variances 
in order to determine whether the improvement were sig11ificant. The dif
ference between the mean square residuals was found to be significant 
(Table 7) and, since the anomalies of Balboa winds were not related to 
anomalies of the offshore temperatures, it was concluded that the Balboa 
spring temperature anomalies were affected partly by factors affecting the 
temperature over a large area (measured by the offshore temperatures) 
and partly by local effects of northerly winds, both operating independently. 

During these investigations of the relationship between sea level, sea
surfac2 temperatllre and wind at Balboa various indications of long-term 
trends and of possible cycles were observed, and these were explored 
more fully. 

Cycles and trends 

Inspection of Figure 7 and Figure 10 suggests that there may be cyclic 
fluctuations in the series represented, and also that there may be long-term 
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secular trends. In order to examine these possibilities, various tests were 
made to determine whether the series were random with respect to time. 
The first was the sequential test described by Noether (1956), then the 
maximum and minimum method of Kiveliovitch and Vialar (1953) was 
tried, and thirdly the method based on the breaking of records given by 
Foster and Stuart (1954). Finally correlograms were constructed and pos
sible cycles investigated. 

Sea level and sea-surface temperature were examined first. Subse
quently the northerly Balboa winds were similarly tested. 

Sea level and sea-surface ternperature 

( a) Sequential tests 

Noether's method of determining whether a series is random is an 
adaptation of Wald's sequential test method. A derived series is plotted 
which progressively relates the frequency of "runs" compared with the 
frequency of fluctuations in the original data. On the same graph two 
parallel straight lines are drawn, such that if the derived series crosses the 
upper line the original series is considered to depart significantly fron1 
randomness, and if the derived series crosses the lower line the original 
series is considered to be random. If the derived series terminates without 
crossing either boundary the reslllts are inconclusive. 

To obtain the derived series the original observations (x) are divided 
into groups of 3 in the order in which they occur. A variable (y) is associat
ed with each group and takes the value 1 or 0 depending on whether the 3 
x-observations form a monotonic sequence or not (Le. if Xl +1 is considered + 
or - according to whether it is greater or less than X t respectively, then a 
+ + or - - arrangement gets the score 1). The value of 2:y is then plotted 

agaInst. t he group - number, g == 2:X3

To obtain the slope of the parallel lines it is 11ecessary to assign values 
to two probabilities Po and Pl. The value of Po is 1/3 , this being the probabil 
ity of a montonic arrangement occurring by chance among three observa
tions. Noether suggests t11at an adequate value for P l is 1;~. The slope of the 
two parallel lines is, then, given by s == 0.41504. The length of the intercepts 
on the 2:y axis, ho and h l are governed by the values £elected for the proba
bilities a, of accepting as non-random a s2ries that is random, al1d (3, of ac
cepting a series as rand01TI when it is not, respectively. These vvere both 
taken to be 0.10, as this gave a comparatively narrOVI b3.nd of indecision. 

The series tested were: 
1) Annual sea-surface temperature 
2) Annual sea level 
3) Number of cold days in the year (nlUl1.bcr 0': (:~ys \Vh2~1 ~c-_:~pCr:l~llrC 

was 76°F or less)
 
4) March sea-surface temperature
 
5) March sea level
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The March values were chosen because this was the month when both 
the coldest mean temperature and lowest mean sea level occurred, and also 
the month when the regression coefficient "b" obtained from the linear re
gression of temperature on sea level was the greatest, Le. a given difference 
in sea level was associated with a greater change in sea temperature than 
in any other month. 

In spite of the narrow area of indecision, all the series fell into the in
decisive zone, even though each of the three possible groups of x-observa
tions were taken. It was realized that, since this test depends upon there 
being a high proportion of runs of 3 to detect a cycle, it would not necessar
ily detect very short cycles. Nor would it detect bimodal cycles unless each 
"hump" was spread over a sufficient 11umber of years. 1 As bimodal cycles 
appeared possible in at least some of the series, further methods to deter
mine whether there were significant departllres from ral1dom variation 
were tried. 

(b) Maxima) minima and phase-length tests 

The method given by Kiveliovitch and Vialar is based on the number of 
maxima (summits) and minima (creuses) and phases of length 1, 2, and 3 
or more. The length of a phase is determined by the number of points be
tween a maximum and the following minimum, or vice-versa. When there is 
no intervening value it is called phase 1, when there is one intervening value 
it is called phase 2 and so on. The total number of maxima and minima, 
which is one greater than the total number of phases P, is related to the 
number of observations N, by the function 

P+1 
T -2(N-2) 

The confidence limits for T and for the nUlnbers of phases of various lengths 

1 Example of failure of Noether's test to detect bimodal cycle: Instances can be found 
where a regular cycle would in fact cross into the random region. For the values 
above, the series is proved random if it crosses the line 

y == - 3.17 + O.415x 
With a five-year cycle that went + - + + -, the groups of three would be re
peated after 3 cycles, thus the values of y would be 00100 and then a repetition of 
this. The upper limit of the steps thus described is given by 

g
y==S+c 

where c = 0, 1/5, 2/5, 3/5 or 4/5 according to the starting point of the series. This 
would cross the boundary into the random region where 

C 
g == 14.74 + 0.215 

Thus before 44 terms were taken the series would be indecisive but after between 
45 and 56 terms were taken the test would indicate that it was random. 
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are given by the allthors diagrammatically as a function of the total num
ber of phases, P; values falling outside these limits indicate a significant de
parture from randomness. The following series were tested. 

1) Annual sea-surface temperature 
2) Annual sea level 
3) Number of cold days 
4) Spring (January-April inclusive) sea-surface temperature 
5) Spring sea level 
The overall spriI1g Valtles were chosen rather than individual lY'.onths 

as it was thought this would minimize random fluctuations. 

The values obtained for Kiveliovitch and Vialar's T (a function of 
the number of maxima and minima) and the numbers of each type of phase 
are given in Table 8. None of these fell outside the 95 per cent confidence 
intervals, although the annual sea level approached very close to the bound
ary. Thus the test shows no positive indication of departure from random
ness but could not, of course confirm randomness. 

( c) DeterrlLination of linear trend 

As some of the series had several indentical values the rank correlation 
method of determining trend was not used, instead the trend test give11 by 
Foster and Stuart was adopted. This simple method consists of counting the 
number of upper and lower records and obtaining the difference, d, between 
them. An observation iI1 a time-series is called a lower (upper) record if it 
is smaller (greater) than all previous observations in the series. The best 
results are obtained by a "round trip" whereby the resultant difference of 
two d's, "D" is obtained. D is normally distributed about zero mean, with 
standard error given in Foster and Stuart's Table 4. The annual mean values 
of sea level and sea temperature, and number of cold days, were tested. As 
Table 9 shows, only the annual mean sea level showed a significant upward 
linear trend. This method is, however, not as sensitive as linear correlation 
with time and, as it seemed unlikely that sea level would show a trend but 
not sea temperature, both linear mean-square regressions were comp·uted. 

Linear regression against time gave correlation coefficients r == 0.59 
for the annual mean sea level and r = 0.61 for the annual mean tempera
ture, thus both are increasing with tin1.e significantly at the 95 per cent 
level. Estimates of the average annual increments are given by the equa
tions. 

Y t == 0.0048t + 2.704 
Yz == 0.0036t + 80.00 

where Y, == sea level measured in feet 
Y z == temperature measured in OF 
t == number of years measured from 1908 

It was assumed from consideration of the grap11s th'1t the ~e3. 

level and sea-surface temperatures would also shovv the effect of this lonz
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term trend and this was subsequently confirmed graphically by taking mov
ing averages (see Figures 13 and 14). 

(d) Correlograms 

Although the presence of cycles was not confirmed by the tests, their 
existence was not disproved, and it was therefore decided to investigate 
their possible formation and to see whether the same cycles appear in both 
temperature and sea level. It was decided to confine this investigation to the 
spring values when the relationship bet\veen the variables is most pro
nounced. 

For the nUll1ber of cold days, the first 30 terms of the correlogram were 
computed (Figure 11). It is smooth, and it seems to be repetitive and un
damped. Major peaks occur at 6, 13, 19, and 26 years and major troughs at 
3, 11, 16, 24 and 29 years. Such a correlogram ll1ight arise from an alltore
gressive series with a mean period of about 6 1/2 years. (Kendall, 1946, p. 
414 et. seq.). Partial correlation coefficients showed that the fit of the auto
regressive series would not be improved by taking more than 4 terms. The 
appropriate autoregressive series was calculated, but was fOllnd to account 
for only a small part of the year-to-year variability. It is also possible that, 
rather than an autoregressive series, there is a "double" cycle (I.e. two reg
ular oscillations) with a total period of about 13 years. It was decided that 
the most practical course WOllld be to separate out trend and cyclic effects 
empirically, following the ll1ethod of Croxton and Crowden (1943). 

A correlogram for mean spring sea temperature was also computed, 
and appears quite similar to the correlogran1 for "cold days", as would be 
expected. The correlogram for the mean spring sea level (Figure 12) shows 
much less evidence of regular oscillations, indeed the values of rk for this 
series could easily occur by chance, although there is a slight suggestion of 
a possible oscillation of a mean period of 6 or 7 years. 

(e) Empirical separation of trend and cycle 

The effect of separating the trend, cycles, and random deviations by 
sn100thing and averaging over corresponding cycle years is shown in Fig
ures 12-14. A thirteen-year period was assumed for the sea-surface temper
ature and the number of cold days and a seven-year period for the sea level. 
Once the length of the cycle, n, was determined the method (Croxton and 
Crowden) was as follows. The moving average of n was computed to give 
the trend. Then each term x was expressed as a percentage of the appropri

ate average term, a. This gave a series of values of ~ X 100. These terms 
a 

were divided into consecutive groups of n terms, then the first terms of each 
group were added, then all the second terms and so on to give n totals. The 
means of these n totals gave the cycle in terms of trend, and when multiplied 

by the appropriate values ofl~O the result was an estimate of the cycle 
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and trend in the original units. The figures show the original data, the trend 
alone, the cycle and trend together, and the deviations from both trend and 
cycle plus trend. 

It may be seen that, in every case, the residual deviations after sub
traction of trend and cycle are very large. Furthermore, the cycle patterns 
are not very similar in the different series. 

It may be concluded that there is a long-term upward trend in spring 
sea level and spring sea temperature, and a corresponding downward trend 
in number of cold days. There is some slight evidence of an oscillation, eith
er of the autoregressive type giving a mean period of 6.5 years, or bimodal 
cycle of a total period of 13 years. If sucl1 an oscillation exists, however, it 
is very weak with respect to the "random" background variability. The resi
dual deviations from trend and cycle are, for eacl1 series, so great that fore
casts based on the estimates of trend and cycles are not much better than 
the simple long-term average. 

Balboa winds 

The Balboa winds were also tested to see whether they exhibited trends 
or cycles that could be related to similar phenomena in the Balboa sea level 
or sea-surface temperature. The tests by Kiveliovitch and Vialar and those 
by Foster and Stuart were again employed. 

(a) Maxima) minima and phase-length tests 

The results obtained by counting the number of maxima and minima 
in the annual and spring series of northerlies and due north winds, comput
ing the values of T and comparing them with the charts given by Kivel
iovitch and Vialar are given in Table 10. The values for both the annual 
series fell outside the 95 per cent confidence region but the spring series did 
not show a significant indication of non-randomness. The numbers of phas
es of different lengths could not be tested individually by this method as the 
values of P were too small, in each series, for the charts given by Kivelio
vitch and Vialar. Wallace and Moore (1941) have, however, given a method 
of testing the divergence of the actual from the expected number of each 
length of phase. Each divergence is squared and divided by the expected 
value and the three resulting terms (corresponding to the three classifica
tions to phase-length) are added to give the value of x2 a statistic similarp, 

to the usual Pearsonian x2 • The values of x2 obtained for the four wind serp 

ies were all large and, as shown in Table 10, all indicated that the series 
were not random. 

As we \vere concerned with wind only in so far as it might be related 
to sea level and sea-surface temperature, correlograms to determine 
possible cycles in these four series were not computed. Instead, the total 
spring northerlies series was further investigated (even though this series 
showed the s1l1allest dep:lrture from randomness according to the x2 p-tests) 
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because it had previously been found to be most closely related to spring sea 
level and sea temperature. The serial correlation coefficient, rk, was com
puted for the cycle-lengths found to be most likely in the other variables, 
Le. K == 7 and K == 13. The values obtaiIled were r 7 == 0.197 and r 13 == 
-0.077, neither of which were significant. It was concluded that there is 
no evidence of cycles corresponding with those found to be most probable 
for the spring sea level and sea temperature series. 

(b) Determination of trend 

The Foster and Stuart "round-trip" test showed the values of D to be 
significantly large for the annual due north and spring northerlies series, 
as indicated in Table 11. This confirmed tl1at during the period under con
sideration there has been a long-term tendency for these Willds to decrease, 
which corresponds with the increasing trend ill sea level and sea tempera
ture. 

Deviations from trend in wind) temperature" and sea level 

It has been sllown previously that there are significant correlations 
ar:10ng year-to-year spring values of Balboa northerly \vinds, sea tempera
ture and sea level. It has also been shown above that there are, for each of 
these variables, long-term trends \vhich are related to each other. The ques
tion arises (as noted earlier on p. 85) whetller the correlations observed are 
due to in large part tIle correlation of the trends. In order to examine tllis 
we 11ave, in additiol1 to the correlatio11 coefficients among tIle original data 
previously referred t0 7 also computed tIle correlation coefficients anlong the 
deviations fro111 th2 long-terrn trends of each series. In Table 12 are tabu
lated the coefficients of correlation both for the original data and for devia
tions from long-te:cm trends. 

It may be seen from this Table that between wind and sea temperature 
the correlation of deviations from trend is about the same as the correlation 
of the original data. Between wind and sea level, the correlation of the devi
ation from trend is reduced in comparison to the correlation of the original 
data, while between sea level and sea temperature the reverse is true. It 
thus appears that, in general, there is a fair degree of correlation of the 
annual anomalies of the several series, even after removal of long-term 
trend. From this it may be concluded that the local year-to-year anomal
ies of wind are an important element in determining the year-to-year ano
malies in sea temperature and sea level, even after the long-term trends are 
subtracted. 
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FIGURE 1.	 Physical and chemical data from the fixed station in the Gulf of Panama, together
with wind, sea level, and sea temperature data from Balboa. 

FIGURA 1.	 Datos fisicos y quimicos obtenidos de la estaci6n fij a en el Golfo de Panama, junto 
con los datos del viento, nivel del mar y temperatura en Balboa. 



OBLIQUE ZOOPLANKTON VOLUMES 
ml/looom3 

466o o 
400 

300 

200 

100 

VERTICAL PHYTOPLANKTON VOLUMES 
ml./m3 

15 

10 

29 24 

NOV DEC
 

1954
 

618 

o 

~ 

~ 

$J 
t?=j 
t'-I 
t'-I 
H 

2: 
Q 
H 

Z* * 
~ 

*
* * 

>
> 
Z 

* ~ 

> 
19 2 17 31 13 27 11 24 8 22 8 19 3 19 

MAY JUNE JULY AUG SEPT OCT NOV DEC 
1956 

FIGURE 2.	 Zooplankton and phytoplankton volumes at the fixed station in the Gulf of Panama. Stars indicate phytoplankton volumes which may 
not be comparable with the others because of improper setfling. 

FIGURA 2.	 Volumenes de zooplancton y de fitoplancton en la estacion del Golfo de Panama. Las estrellas indican los volumenes de fitoplancton que 
no pueden ser comparables con los otros debidos a sedimentacion inadecuada. 
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FIGURE 3.	 Long-term monthly averages of sea-level and sea-surface temperature at Balboa (1908
1953), together with values of "b", the linear regression coefficient of mean monthly 
temperature on mean monthly sea level for individual years. Values of "b" from 
highly significant linear correlations are indicated by open circles, others by closed 
circles. 

FIGURA 3.	 Promedios mensuales a largo plazo del nivel del mar y la temperatura de superficie 
en Balboa (1908-1953), junto con los valores de lib", el coeficiente de regresion linear 
de la temneratura media mensual sobre el nivel del mar medio mensual 'Dara aftos 
individualmente considerados. Los valores de "b" provenientes de correlaciones li 
neares aUamen:l:e significa:l:ivos, es:l:an indicados por circulos abierios; los oiros por 
circulos llenos. 
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FIGURE 4.	 Long-:l:erm mon:l:hly averages of sea-level a:l: Balboa and miles of nor:l:herly winds a:l: 
Balboa and Cris:l:obal (1915-1956). (Winds weigh:l:ed :1:0 a 31-day-mon:l:h basis). 

FIGURA 4.	 Promedios mensuales a largo plazo del nivel del mar en Balboa y millas del vien:l:o 
del sec:l:or nor:l:e en Balboa y Cris:l:obal (1915-1956). (Los vien:l:os compensados sobre la 
base de un mes de 31 dias). 
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FIGURE 5.	 Long-term monthly averages of sea-surface temperature at Balboa and two offshore 
5-degree squares, 1916-1938. 

FIGURA 5.	 Promedios mensuales a largo plaza de la temperatura de superficie en Balboa y dos 
cuadrados de 5 grados mar afuera, 1916-1938. 
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FIGURE 6.	 Deviations of actual spring sea-surface temperature at Balboa from those expected
by linear regression of temperature on sea-level. The smoothed curve was obtained 
by a moving average of 7 years. 

FIGURA 6.	 Desviaciones de las temperaturas de superficie en primavera en Balboa, de aquellas
esperadas por la regresi6n linear de temperatura sobre el nivel del mar. La curva 
suave se obtuvo por un promedio movible de 7 anos. 
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FIGURE 7.	 Spring values at Balboa of average sea-level and average
sea-surface temperature, and number of days in the year
when :l:he daily mean sea-surface :l:emperature fell below 
76°F. 

FIGURA 7.	 Valores primaverales del promedio del nivel del mar y la 
:l:emperatura de superficie en Balboa, ¥ numero de dias en 
el ano en que la temnera:l:ura media dlaria de la superficie 
cayo debajo de 76°F. 
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FIGURE 8. Average monthly values of three nor:l:herly winds (on 31
day-month basis) at Balboa (doUed line) and Cris:l:obal 
(solid line), (1'915-1956). 

FIGURA 8.	 Valores del nromedio mensual de tres direcciones del viento 
del sector norte (sobre la base del mes de 31 dias) en Balboa 
(linea de puntos) y Cristobal (linea continua), (1915-1956). o 
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TABLE 9.	 Foster & Stuart "round trip" test to determine from the number of 
"records" the existence of trend in sea level and sea-surface temperature. 

TABLA 9.	 Prueba de "viaje de ida y vuelta" de Foster y S:l:uart para determinar la 
existencia de tendencias en el nivel y la temperatura de superficie segun 
el numero de "o,currencias". 

Probability of obtaining 
D a greater D 

Probabilidad de obtener 
D una D mayor 

Annual sea level 12 4.03 < 0.001 ** Nivel anual del mar 
Cold days -4 4.02 < 0.132 Dias frios 
Annual sea temperature o Temperatura anual del filar 

TABLE 10.	 Results of tests of numbers of maxim,a, minima and phases to determine 
the existence of trends or cycles in wind at Balboa. 

TABLA 10.	 Resultados de las pruebas de maximas, minimas y fases para determinar 
la existencia de tendencias 0 ciclo:s en el viento en Balboa. 
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TABLE 11. Foster &: Stuart "round trip" test to determine from the number of 
"records" the existence of trend in winds at Balboa. 

TABLA 11. Prueba de " viaje de ida y vuelta" de Foster y Stuart para determinar 
la existencia de tendencias en los vientos de Balboa segun el numero de 

" ocurrencias". 

Probability of obtaining 
D a greater D 

Probabilidad de obtener 
0 una D mayor 

Annual, all N. 5 < 0.084 Anual, sector norte 

Annual, due N. 7 < 0.030 * Anual, norte 

Spring, all N. 7 
3.97 

< 0.030 * Primavera, sector norte 

Spring, due N. 5 < 0.084 Primavera, norte 

TABLE 12.	 Coefficients of correlation (r) for relationships among Balboa spring 
northerly wind, sea level, and sea-surface temperature. 

TABLA 12. Coeficientes de correlacion (r) en cuanto a las relacion.es entre viento 
del sector norte de prim,avera, el nivel del mar, y la temperatura de 
superficie del mar. 

Deviations from 
Original data trend 1 

Desviaciones de 
Data original tendencia 1 

Wind and sea temperature	 - 0.40** -0.44** 
Viento y temperatura del mar 

Wind and sea level	 -0.55** -0.29 
Viento y nivel del mar 

Sea level and sea temperature	 0.54** 0.71 ** 
Nivel y, temperatura del mar 

1 Trend determined by 13-year mOVing average for sea temperature and by 7-year moving average
for the other two variables. 

1 Tendencia determinada por un promedio de movimiento de 13 afios de la temperatura del mar y 
par un promedio de movimiento de 7 alios para las otras dos variables. 
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INTRODUCCION 

Cado ano, en la estacion de enero a abril, cua11do los vientos del norte 
soplan vigorosamente frente a la costa, ocurre en el Golfo de Panama un 
fuerte afloramiento costanero. Fleming (1940) ha demostrado, basandose en 
promedios mensuales a largo plaza del viento, la temperatura, el nivel del 
mar y la salinidad de la superficie, la relacion entre los vientos del sector 
norte y ciertos fenomenos fisicos del Golfo. Tambien ha demostrado una re
lacion cercana entre las variaciones en el viento, la temperatura superficial 
y el nivel del mar durante el periodo de enero a junio de 1933. Por la distri
bucion vertical de temperatura y salinidad en estaciones de la parte externa 
del Golfo de Panama, ocupadas en diferentes meses (aunque no en el mismo 
ano) , ha inferido que durante el periodo de afloramientos unos 75 metros de 
agua son arrastrados fuera de la costa y remplazados por agua fria de alta 
salinidad. En otro estudio Fleming (1935) tambien ha examinado algunos de 
los detalles de la distribucion de la temperatura y salinidad en el Golfo 
dtlrante el periodo del afloramiento en 1933, basandose para ella en los datos 
recogidos a bordo del USS Hannibal. 

Se cree que este afloramiento periodico en el Golfo de Panama es re
sponsable de la alta productividad biologica que sostiene considerables canti
dades de organismos de importancia comercial. Esta region, por' ejen1plo, es 
una fuente importante de la especie Cetengraulis mysticetus) pez de carnada 
para el atun, (Alverson y Shimada, 1957) y mantiene una considerable pesea 
de camarones llamados langostinos (Burkenroad, Obarrio y Mendoza, 
1955) . 

A causa de la evidente importancia del afloramiento para la ecologia 
del Golfo de Panama, comenzamos en el otono (octubre) de 1954 un estudio 
de los diferentes fen6menos fisicos, qtlimicos y bio16gicos relacionados con 
el. Se hicieron observaciones a intervales de dos semanas en un lugar fijo 
(aproximadamente 10 millas al SE de la Isla Taboga) para suplementar las 
observaciones peri6dicas del n-ivel del mar, la temperatura y los vientos que 
han sido hechas durante muchos afios por la Compania del Canal de Pana
ma. 

Ademas, hemos esttldiado en algun detalle los datos sobre la direccion 
y velocidad del viento, el nivel y la tempertura del mar, recogidos durante 
muchos afios por la Compania del Canal de Panama en Balboa, asi como 
algunos datos de Crist6bal (en la parte Atlantica del Istmo de Panama) y 
ciertos datos de temperatura sllperficial fuera de la costa compilados par el 
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Observatorio de la Marina Imperial Japonesa, con la idea de elucidar las 
relaciones existentes e11tre estos datos, tanto con respecto a los promedios 
a largo plaza como a las variaciones de un ano a otro, con respecto a la posi
bilidad de hacer predicciones, ya que M. D. Burkenroad (comunicacio11 per
sonal) habia sugerido la posible existencia de un cicIo regular en los fenome
nos (especialmente temperatura) relacionados con el afloramiento. 

DATOS FISICOS Y BIOLOGICOS, 1954-1956 

En noviembre de 1954 se establecio una estacion de muestreo en la 
parte interior del Golfo de Panama, entre Balboa y las Islas de las Perlas, a 
los 8°45' latitud N y 79°23' longitud 0, aproximadamente 10 millas al sur
este de la Isla de Taboga. La profundidad en este sitio es de cerca de 42 
metros al nivel medio de marea baja. En esta estacion se toman, a intervalos 
de dos semanas: una serie batitermografica; una inmersion de botellas de 
Nansen para obtener muestras de agua destinadas a la determinacion de 
salinidad, oxigeno y (desde julio de 1955) fosfato inorganico; un arrastre 
vertical del fondo a la superficie con una red para fitoplancto11 de 25 em. de 
diametro en la boca, hecha de seda de cernir No. 20 0 de gasa perforada de 
calibre 18XXX, ambas con aberturas de 0.076mln; y un arrastre oblicuo de 
25 minutos de duracion, desde el fondo hasta la superficie con una red para 
zooplancton de medio metro de diametro en la boca y l1echa de gasa perfor
ada de calibre 40XXX en el cuerpo y de calibre 56XXX en el saco. 

Los volumenes de fitoplancton son expresados como "volumenes de 
sedimentaci6n" en milimetros por metro cubico de agua colada; el volumen 
de agua colada se calcula por el diametro de la red y la distancia vertical 
arrastrada. Los "volumenes de sedimentacion" son determinados mediante 
la colocJ.cion de la pesca de la red en Ull cilindro graduado de 50 ml. lleno de 
agua de mar y dejando que el material se sedimente durante 24 horas, al 
final de las cuales el volumen sedimentado es leido. 

Los volumenes de zooplancton son expresados como "volumenes de 
desplazamiento" en milimetros por cada 1000 metros cubicos de agua co
lada; el volumen de esta agua es calcuIado por el diametro de la red y la 
distancia efectiva del arrastre medida con un correntometro "Atlas" mon
tado en la boca de la red. Para medir los "volumenes de desplazamiento", se 
cuela la pesca de la red a traves de un embudo de gasa perforada, se coloca 
luego el plancton en un cilindro graduado, se Ie aiiade un volumen conocido 
de agua y se lee el volumen desplazado por el plancton colado. A fin de elimi
nar los efectos causados por la captura ocasional de medusas, salpas, etc., 
organismos cuyos volumenes iI1dividuales son mayores de 5 c.c., estos orga
nismos son retirados antes de medir el volumen desplazado. 

En los cuatro paneles superiores de la Figura 1 se muestran los cambios 
de profunidad de las isofletas de temperatura, salinidad, oxigeno y fosfato 
inorganico, con el tiempo de noviembre 1954 a diciembre 1956. En los dos 
paneles siguientes se indican los valores medios mensuales del nivel del mar 
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ficial es de 76°0 menos). La mayor parte de tales dias ocurri6 durante los 
meses de "primavera" y muy ocasionalmente durante mayo. Como era de 
esperarse, hay una correlaci6n altamente significativa entre la serie de 
temperaturas de superficie y la serie derivada de dias frios, siendo el coefi
ciente de correlaci6n, r, de 0.935. Esta serie fue primero construida porIa 
Compafiia del Canal de Panama y ha sido examinada POl' M. D. Burkenroad, 
quien crey6 que seria un buen indice de temperatura y que posiblemente 
mostraba la existencia de ciclos regulares. Esto se estudia luego en las 
paginas 123-129. 

Es aparente en la Figura 7 que las anomalias anuales de las diferentes 
variables no siempre coinciden en direcci6n, y despues de una inspecci6n 
superficial fue un tanto sorprendente que la correlaci6n entre la tempera
tura y el nivel del mar fLlese tan alta como 0.54; fue, pOl' consiguiente, de
seable determinar si habia tendencias de largo plazo que pudiesen ser res
ponsables en gran parte porIa correlaci6n. Antes de hacer esto, sin em
bargo, examinamos la correlaci6n de las anomalias del viento de un ano a 
otro, con las del nivel del mar y de la temperatura. 

Anomalias del viento 

La relacion entre el impacto del viento sobre el mar y la fuerza del 
viento, depende de varios factores, pero siempre es necesario considerar 
dos aspectos del viento; su velocidad y su duracion. Un simple calculo de la 
velocidad promedio durante un mes pOI' el numero de horas durante las que 
saplo, da Ull valor identico al "numero de millas del viento" y, por COI1Si
guiente, este indice se ha usado para determinar si es que los viel1tos de Bal
boa 0 los de Cristobal daban una estimacion mas cercanamente relacionada 
con la fuerza promedio del viento en el Golfo (representada porIa relaci6n 
con los cambios en nivel y en temperatura) y tambien para determinar la 
posibilidad de que el cuadrado de la velocidad media mensual compensado 
pOI' el numero de horas en que sopla, podria ser una estimacion mejor del 
viento efectivo que el total de las millas recorridas. Con este fin calculamos 
para cada ano de la serie de 1915 a 1956, mes de enero, en cuanto a las 
observaciones de Balboa, las sumas de los cuadrados de las velocidades me
dias compensadas de los vientos del norte y del noroeste; y tambien la suma 
de los cuadrados de las velocidades medias compensadas de los vientos del 
norte y la del componente norte de los cuadrados compensados de las veloci
dades medias del noroeste. Estos dos indices fueron entonces relacionados 
con el nivel del mar en enero. En ninguno de los casos hubo una mejora 
sobre el coeficiente de correlacion entre el nivel del mar y el indice simple 
de "total de millas de viento del sector norte". En consecuencia, hemos em
pleado este ultimo indice. 

Comparaci6n de los vien'tos de Balboa y Crist6bal 

Los vientos de Cristobal se examinaron porque existe la probabilidad 
de que, POl' 10 menos durante los meses de "primavera", puedan estar mas 
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estrechamente relacionados impacto del viento en el Golfo de Panama que 
los vientos de Balboa. El nivel de la superficie y la temperatura del mar en 
Balboa son posiblemente afectados por el impacto del viento sobre el Golfo 
entero. Las medidas de los vientos en una sola localidad en la orilla, proba
blemente no son representativas de este impacto total del viento. Se penso 
que las medidas de Cristobal, en ellado At1<lntico, donde los vientos del sec
tor norte vienen abiertamente del Caribe, podrian relacionarse con los feno
menDs del Golfo mejor que las medidas en Balboa, porque en este ultimo 
sitio existen efectos orograficos locales. Sin embargo, como se vera luego, 
los vientos de Cristobal no resultaron tan bien correlacionados respecto de 
los factores hidrograficos en el Golfo como los de Balboa. 

Se ha visto ya en la Figura 4 y en la Tabla 1 que, en especial durante 
la primavera, el total de millas de viento del sector norte en Balboa (com
pensado a base de Ull mes de 31 dias) esta nlaS estrechamente relacionada 
con el nivel del mar en Balboa, que las estimaciones similares del viento en 
Cristobal. Para examinar esto en mas detalle, el promedio de los vientos del 
sector norte de cada localidad fue separado dentro de tres componentes: 
norte, noroeste y noreste. Se vera en la Figura 8 que hay varias diferencias 
en el promedio de los vientos de las dos localidades: los vientos propiamente 
del norte en Cristobal son mayores que los de Balboa y muestran un apogeo 
secundario que no muestran los vientos nordicos en Balboa, aunque la corres
pondiente depresion es aparente en el nivel y la temperatura del mar (Figu
ra 3); los vientos del noroeste en Cristobal no son tan grandes como en 
Balboa, pero mientras que los vientos del noreste son comparativamente 
insignificantes en Balboa, en Cristobal son mas grandes que los del noroeste. 
Las relativas fluctuaciones de un ano a otro de los valores anuales de los 
vientos totales del sector norte y del propio norte en las dos localidades se 
indican en la Figura 9, y las fluctuaciones de los tres componentes, norte, 
noreste y noroeste, dl.lrante los meses de "primavera" en la Figura 10. Estas 
figuras muestran que hay mayor consistencia en los componentes individu
ales de un ano a otro en Balboa que en Cristobal, sugiriendo, tal vez, que 
puede depositarse mayor confianza en las tendencias promedio anuales de 
los vientos, individualmente considerados, sabre el periodo en Balboa que 
sobre el de Cristobal. 

De todos modos, en vista de la similitud de las curvas para los valores 
prolnedios a largo plazo del viento propiamente del norte en Cristobal, y los 
correspondientes valores del nivel del mar y la temperatura de superficie, 
los promedios del viento del propio norte en Cristobal fueron correlacio
nados con el nivel del mar, para ver si ellos estaban mas de aCllerdo que los 
del total de vientos de todo el sector norte de Cristobal. (Se penso que el 
nivel del mar proporcionaria una mejor comparacion que la temperatura de 
la superficie, ya que debe estar mas relacionada con el impacto del viento). 
Las correlaciones mostraron que se obtiene un mejor acuerdo con el nivel 
del mar del propio viento norte solamellte, 10 que dio un coeficiente de corre
lacion r == - 0.97~ comparado con r - - 0.94 por el total de los vientos del 
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sector norte e11 el ana; y un valor significativo r == - 0.93 comparado con 
uno significativo de I' == - 0.63 correspondiente a los cuatro meses de "pri
mavera". Estos valores se han adicionado a la Tabla 1 pOI' conveniencia. 

Los valores para cada mes, ana POI' ana, fueron luego examinados. Se 
prepararon diagramas de dispersion y los coeficientes qlle resultaron de las 
correlaciones lineares del nivel del mar con el viento fueron calculados para 
cada mes, que mostro algo mas que una dispersion de los puntas al azar. Se 
considero el total de los vientos del sector norte en Balboa asi COIna los 
vientos del propio norte de Cristobal; los coeficientes de correlacion resul
tantes y su significaci6n, se dan en la Tabla 3. Para ninguno de los meses, 
los vientos de Cristobal estuvieron significativamente relacionados al nivel 
del mar de Balboa, pero los vientos del Balboa estuvieron significativamente 
relacionados al nivel del mar en Balboa durante los cuatro meses de "pri
mavera". En consecuencia, las investigaciones ulteriores del efecto del 
viento sabre el nivel del mar, se hicieron con los datos del viento de Balboa 
solamente. 

Antes de ocuparnos de estos analisis del viento de Balboa hay, sin 
embargo, un aspecto de los vientos de Cristobal que es digno de notaI'. Este 
es el aumento brusco del valor primaveral del viento del noreste, accompana
do de un caida del viento 110rte que ocurrio en 1944 y ha persistido hasta 
1955 (Figura 10). Antes de 1919, ano en que la posicion del anemometro fue 
cambiada POI' ultima vez, tambien se registraron valores altos, pero no hay 
razon para dudar de la validez de los datos despues de 1919, ya que no se 
han hecho cambios en el metodo de registrar las observaciones desde esa 
fecha. Puede ser que algun cambio natural haya ocurrido. 

Vientos de varias direcciones en Balboa durante la primavera 

Para confirmar que la suma de los vientos del sector norte era el mejor 
indice de los vie11tos efectivos en Balboa durante la primavera, se hicieron 
diagramas de dispersion en que los niveles medios del mar, en la primavera 
de cada ano, se pusieron sucesivamente en razon del total de los vientos del 
sector norte, en rf-lzon del viento propiamente del norte yen razon del viento 
del noroeste. El noreste no fue considerado pOI' ser relativamente muy pe
queno. El norte dio lIn coeficiente de I' == - 0.38 y el noroeste alga parecido. 
Una mejor relacion se obtuvo con todos los vientos del sector norte, con un 
coeficiente altamente significativo I' == - 0.55. Un coeficiente un poco mejor, 
I' == - 0.57, se obtuvo anadiendo al viento propiamente del norte el COlTI
ponente norteno del noroeste. SiI1 elnbargo, una prueba "z" demostro que 
esta diferencia no era significativa, asi que simplemente el total se usa en 
comp:lraciones subsiguientes, ya que el norte mas el complemento del nor
oeste fue un poco mas fastidioso de calcular. 

Los vientos de primavera se compararon luego similarmente con la 
temperatura media de superficie correspondiente a la misma estacion. Un 
coeficiente de correlacion altamente significativo de 0.40 se obtuvo para los 
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valores de U11 ana a otro de estas dos variables. El numero de dias frios tam
bien puede considerarse como un indice de la temperatura, ya que previa
mente se ha visto que esta concertada muy estrechamente con la tempera
tura media del mar en primavera. Tanto el propio viento norte como el total 
de los vientas del sector norteno, fueron relacionados con el numero de dias 
frios, dando coeficientes de correlacion de 0.44 y 0.38, respectivamente, los 
cuales son fiUy similares a los de la correlacion de los vientos del sector 
norte y a la temperatura del mar en primavera. Los resultados de estas 
comparciones del viento de primavera se dan en la Tabla 4. 

Correlaci6n multiple entre la temperatura y el viento de Balboa y la tem
peratura r.nar afuera 

Se pells6 que tal vez obtuviese un mejor entendimiento del efecto del 
viento en la temperatura de la superficie del mar en Balboa si esta fuera 
simultaneamente considerada en relacion con los vientos de Balboa y con la 
temperatura de superficie mar afuera en el Pacifico. Si se encontrase una 
multiple relaci6n, ello implicaria que las temperaturas de Balboa son gober
nados parcialmente por efectos locales de los vientos del sector norte en 
Balboa y parcialmente por las condiciones de temperatura en esta region 
general del Pacifico (debido a otras causas). 

Para determinar si las anomalias de la temperatura de superficie en 
Balboa y las temperaturas de mar afuera estall relacionadas, los valores a
nuales de las temperaturas de primavera en los dos cuadrados de 5 grados 
adyacentes en la banda de 5 a 10° de latitud, no incluyelldo las aguas del 
Golfo (viz: long. 85-90°0, llamado, cuadrado x, y long, 80-85° llamado cua
drado y) (datos del Observatorio de la Marina Imperial Japonesa) fueron 
correlacionados con las temperaturas anuales de primavera en Balboa (po
sicion z) para el periodo 1916-1938 (omitiendo 1920, ano para el cual datos 
japoneses son inadecuados). Los valores de los coeficientes de correlacion 
obtenidos aparecen en la Tabla 5 y muestran que las anomalias de tempera
tura ell Balboa, Z, estan relaciolladas en forma altan1ente significante con 
las del cuadrado mas proximo, y, pero no con las del mas lejano x, aunque 
las dos areas de mar afuera estan correlacionadas en forma altamente sig
nificativa entre ambas. 

Los valores promedios mensuales de largo plazo (promediados sobre el 
periodo 1916-1938) fueron luego considerados. Se examinaron la tempera
tura de superficie en el cuadro mas cercano y la temperatura de superficie 
de Balboa, z, asi como las millas de los vientos del sector norte en Balboa 
(sobre la base de 31 dias) , w. Los resultados son tambien dados en la Tabla 
5. Como las Figuras 4 y 5 hacian esperar, no hubo correlacion entre las ten1
peraturas de Balboa y las temperaturas de mar afuera, ni entre el viento y 
estas temperaturas. El coeficiente de correlacion altamente significativo de 
r == - 0.93 entre las temperaturas de Balboa y los vientos fue, desde luego, 
similar a la de r == - 0.97 obtenido anteriormente sobre un periodo mas 
largo (Tabla 1). 
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Las relaciones de las anomalias anuales de los valores de primavera 
de estas mismas tres variables fueron tambh~n examinadas y los resultados 
adicionales se muestran en la Tabla. La mejor correlacion fue la obtenida 
entre las temperaturas de Balboa y las temperaturas en el cuadrado y, para 
la cual r == - 0.54. La buena correlacion entre estas dos variables ha sido 
anotada a11teriormente. La temperatura de Balboa fue relacionada can eI 
viento de Balboa y dio un coeficiente de correlacion de r == - 0.37 (Com
parese con los valores de la Tabla 4, donde las mismas variables en una serie 
mas larga de afios tiene un coeficiente de correlaci6n de r == - 0.40, el cual, 
para esta serie mas grande es altamente significativo). El error standard 
de estimacion para estas dos correlaciones no dio, sin embargo, cifras muy 
diferentes, siendo de 1.431 para las anomalias de la tempe:roatura mar afuera, 
y de 1.578 para el viento (Tabla 6). 

La regresion multiple de las a110malias de temperatura de la primavera 
en B::tlboa sobre el viento de Balboa y las anomalias de temperatura mar 
afuera, fue entonces calculada y dio un coeficiente de correlacion altamente 
significativo de R == 0.68, y un error standard de estimacion de 1.271 (Ta
bIas 5 y 6). Los coeficientes de regresion parcial se dan en forma standard 
en la Tabla 6 y muestran que la temperatura de Balboa es afectada en la 
misma proporci6n por las fluctuaciones de cualquiera de las variables. Aun
que el error standard de estimacion, tambien dado en la Tabla 6, indica que 
la inclusion de los vientos daba un mejor ajuste que la simple correlacioI). de 
las temperaturas de Balboa y de mar afuera, fue necesario calcular las des
viaciones de ambas regresiones y analizar las variaciones a fin de deter
minar si el mejor ajuste fue 0 no significativo. La diferencia entre los cua
drados medios residuales fue encontrada significativa (Tabla 7), y ya que 
las anomalias del viento en Balboa no estaban relacionadas con las anoma
lias de las temperaturas mar afuera, lleg6 a la conclusi6n de que las ano
malias de la temperatura de primavera en Balboa estaban afectadas parcial
mente por factores que afecten la temperatura de una gran area (medidas 
par las temperaturas de mar afuera) y parcialmente par efectos locales del 
viento del sector norte, ambos aperando independientemente. 

Durante estas investigaciones de la relaci6n entre el nivel del mar, la 
temperatura de la superficie y el viento en Balboa, se observaron varias in
dicaciones de tendencias a largo plazo y de posibles ciclos, 10 que entonces 
fue explorado mas ampliamente. 

Ciclos y fendencias 

La observaci6n de las Figuras 7 y 10 sugiere la posible existencia de 
fluctuaciones ciclicas en las series representadas, y tambien la de tendencias 
seculares a largo plazo. A fin de examinar estas posibilidades, se hicieron 
varias pruebas para determinar si las series ocurrieron al azar con respecto 
al tiempo. La primera fue la prueba de secuencia descrita por Noether 
(1956); luego la del metodo de maxima y n1inima de Kiveliovitch y Vialar 
(1953), y en tercer lugar, la basada en la ratura de records de Foster y 
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Stuart (1954). Finalmente se construyeron correlogramas y se investigaron 
los pasibles ciclos. 

El nivel del mar y la temperatura de la superficie fueron examinados 
primero. Luego se hicieron pruebas en forma similar con los vientos del 
sector norte de Balboa. 

Nivel del mar y temperatura de superticie 

( a) Prueba de secuencia 

El metodo de Noether para determinar si una serie es debida al azar, 
es una adaptaci6n del metodo de vVald para la prueba de secuencia. Una 
serie derivada se grafica de tal modo que relacione progresivamente la fre
cuencia de ocurrencias con la frecu.encia de fluctuaciones en los datos origi
nales. En el mismo grafico se trazan dos lineas rectas paralelas de tal modo 
que cuando la serie derivada cruza la linea superior, se considera que la 
serie original se aparta significativamente de ser producida por azar, y si 
cruza la linea inferior, la serie original es considerada como producida al 
azar. Si la serie derivada termina sin cruzar ninguna de las lineas, los re
sultados son inconcluyentes. 

Para obtener las series derivadas las observaciones originales (x) son 
divididas entre grupos de 3 en el orden de aparici6n. Una variable (y) se 
asocia con cada uno de los grupos y toma el valor de 1 6 0, segun que las tres 
observaciones x forman 6 no una secuencia monotonica (esto es, si X t + 1 es 
considerada + 0 - de acuerdo a que sea mayor 0 menor que X t respectiva
mente, entonces un conjunto + + 0 uno - - recibe el valor de 1) . El valor de 

2:y es graficado contra el numero-grupo g = 2:X
3

Para obtener la inclinacion de las lineas paralelas es necesario asignar 
valores ados probabilidades Po Y Pl. El valor de Po es V3 siendo esta la 
probabilidad de que un conjuncto monot6nico occurra debida al azar entre 
tres observaciones. Noether sugiere que un valor adecuado para PI es "Y2. 
La inclinacion de las dos lineas paralelas es e11tonces dada por s == 0.41504. 
La longitud de las intercepciones ho Y hI en el eje de 2:y son gobernados por 
los valores seleccionados para las probabilidades a, de aceptar una serie que 
no es producto del azar como si 10 fuera, y (3, la de aceptar como producida 
por el azar una serie que no 10 es. Estas fueron tomadas como 0.10, ya que 
asi se obtuvo una banda comparativamente angosta de indecision. 

Lasseriesprobadasfueron: 
1) Temperatura anual de la superficie del mar 
2) Nivel del mar anual 
3) Numero de dias frios en el ano (numero de dias cuando la 

telnperatura fue de 76° F 0 menor) 
4) Temperatura de la superficie del mar en marzo 
5) Nivel del mar en marzo 



125 AFLORAMIENTO EN PANAMA 

Se escogi6 el mes de marzo porque fue en este mes cuando se registra
ron tanto la temperat1.1ra promedio mas fria, como el promedio del nivel mas 
bajo del mar, y tambien porque fue el mes en que el coeficiente de regresi6n 
"b" obtenido de la regresi6n linear de la temperatura con respecto al nivel 
del mar, fue el mayor, es decir, una determinada diferencia en el nivel del 
mar estuvo asociada con un mayor cambio de la temperatura el1 marzo que 
en ningun otro meso 

A pesar de la angosta area de indecisi6n, todas las series cayeron dentro 
de ella, no obstante que todos los grupos posibles de observaciones de x fue
ron tOlnadas en cuenta. Se con1prendi6 que, ya que esta prueba depende de la 
existencia de una gran proporci6n de ocurrencias de 3 para detectar un cicIo, 
no podria necessariamente detectar ciclos muy cortos. Tampoco detecteria 
ciclos bim6dicos a menos que cada "pron1inencia" estuviera extendida en un 
numero suficiente de anos. 1 Como parecia posible la existencia de ciclos 
bimodales, al menos para algunas de las series, otros metodos mas se usaron 
para determinar si habia alguna desviaci6n significativa de las variaciones 
producidas por el azar. 

(b) Pruebas de longitudes maximas) minimas y de lase 

El metodo de Kiveliovitch y Vialar se basa en el nlimero de maxima 
(cumbres) y minima (valles) y fases de longitud de 1, 2 y 3 0 mas. La 
longitud de una fase se determina por el numero de puntos entre l.Ina maxi
ma y la siguiente minima 0 viceversa. Cuando no hay valores intermedios, la 
fase elllamada 1; cuando hay un valor intermedio es llamada 2, y asi sucesi
vamente. El numero total de maximas y minimas, que es uno mas grande 
que el numero total de fases P, se relaciona con el numero de observaciones 
N, par medio de la funcion 

P+1 
T == 2(N-2) 

1 Ejemplo de fracaso de la prueba Noether para detectar el cicIo bimodal: Se pueden 
encontrar casos en que un cicIo regular caeria en la region de azar. Para los valores 
que anteceden, se prueba que la serie es producto del azar si es que cruza la linea 

y == - 3.17 + O.415x 
Con un cicIo de cinco anos que fuera asi + - + + -, los grupos de tres se repetirian 
cada 3 ciclos; asi, pues, los valores de y serian 00100 y luego una repeticion de 
esto. El limite superior de los pasos asi descritos es dado por 

g 
y== 5+ c 

donde c = 0, 1/5, 2/5, 3/5 0 4/5 de acuerdo con el punto de origen de la serie. Esta 
linea cruzaria a la region de azar donde 

c 
g == 14.74 + 0215 

Asi, pues, antes de que toman 44 terminos, Ia serie seria indecisa, pero mas adelante, 
cuando los terminos entre 45 y 56 van tomadas, la prueba indicaria que la serie es 
producida por el azar. 
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Los limites de confianza para T y para el numero de fases de varias longitu
des son dados por los autores en forma diagramatica como una funci6n del 
numero total de fases, P; los valores que caen fuera de estos limites indican 
una desviaci6n significativa de los producidos por azar. Las siguientes 
series fueron probadas: 

1) Temperatura anual de la superficie del mar 
2) Nivel del mar anual 
3) Numero de dias frios 
4) Temperatura de la superficie del mar en primavera (enero a 

abril inclusive) 
5) Nivel del mar en primavera 

Se escogieron los valores de toda la primavera en vez de los de cada 
mes, porque se pens6 que de este modo se disminuirian las fluctuaciones 
debidas al azar. 

Los valores obtenidos para la funcion T de Kiveliovitch y Vialar (una 
funci6n del numero de maximas y minimas) asi como los numeros de cada 
tipo de fase, se dan en la Tabla 8. Ninguno de estos cay6 fuera de los inter
valos de confianza del 95 por ciento, aunque el nivel del mar anual se acerc6 
bastante al limite. Asi, pues, la prueba no muestra una indicacion positiva 
de que baya desviaci6n de una variacion al azar, perc por supuesto no puede 
confirmar que las variaciones sean debidas al azar. 

( c) Determinaci6n de la tendencia linear 

Como algtlnas de las series tenian varios valores igtlales, no se uso el 
metodo de la correlacion de rangos para determiIlar la existellcia de una ten
dencia; en cambio fue adoptada la prueba de tendencia de Foster y Stuart. 
El metodo simple consiste en contar el numero de valores mas altos y el de 
mas bajos, y obtener su diferencia, d. Una observacion en una serie de tiem
po es llamada una observacion mas baja (mas alta) si es mas pequena (mas 
grande) que todas las observaciones anteriores ell la serie. Los mejores 
resultados se obtienen par medio de un "viaje de ida y regreso", de donde 
resulta un diferencia que se iIldica como D, de las dos diferencias represen
tadas por d. D se distribuye normalmente alrededor de una media de 0, con 
errores standard dados ell la Tabla 4 de Foster y Stuart. Los valores de la 
media anual del nivel del mar y la temperatura, y el numero de dias frios, 
fueron probados como indica la Tabla 9; solo el nivel anual medio del mar 
mostr6 una tendencia linear bacia arriba de significacion. Este metodo no 
es, sin embargo, tan sensitivo como la correlaci6n linear con el tiempo, y 
como pareciera improbable que el nivel del mar mostrase una tendencia y 
no la mostrase la temperatura, se compllto la regresion linear de los cuadra
dos medias para ambos. 

La regresion linear con respecto al tiempo dio los coeficientes de carre... 
lacion de r == 0.59 para el nivel medio annual y de r == 0.61 para la tempera
tura anual media, de modo que van creciendo significativamente can el 
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tiempo a un nivel del 95 por ciento. Las estimaciones de los promedios del 
incremento anual se dan por las ecuaciones. 

Y1 == 0.0048t + 2.704 
y 2 == 0.0036t + 80.00 

donde Y1 == nivel del mar en pies 
Y2 == temperatura en of 

t == numero de afios contados desde 1908 

Despues de considerar los graficos, se supuso que la superficie del mar 
y la temperatura de superficie en primavera tambien mostrarian los efectos 
de esta tendencia a largo plazo, y esto fue despues confirmado graficamente 
al tamar promedios movibles (veanse Figuras 13 y 14). 

(d) Correlogramas 

Aunque la presencia de ciclos no fue confirmada por las pruebas, su no 
existencia tampoco fue probada, y por consiguiente se decidio investigar su 
posible formaci6n y ver si los mismos ciclos aparecen tanto en la temper
atura como en el nivel del mar. Se resolvi6 limitar esta investigaci6n a los 
valores de primavera cuando la relaci6n entre las variables es mas pronun
ciada. 

Para el numero de dias frios, fueron computados los primeros 30 ter
minos del correlagrama (Figura 11). Es suave y parece ser repetitivo y per
sistir sin atenuarse. Los picas mayores ocurren a los 6, 13, 19 y 26 afios y 
los valles mayores a los 3, 11, 16, 24 y 29 afios. Tal correlograma podria 
originarse de una serie autoregresiva en un periodo medio de alrededor de 
61/ 2 alios (Ke11dall, 1946, p. 414 et seq.). Los coeficientes de correlaci6n par
cial demostraron que el ajuste de la serie autoregresiva no mejoraria si se 
tomasen mas de 4 terminos. La serie autoregresiva apropiada fue calculada 
pero se encontr6 que era responsable solamente par una pequefia parte de la 
variabilidad de un afio a otro. Es posible tambh~n que, mas que una serie 
autoregresiva, haya lIn "doble" cicIo (esto es, dos oscilaciones regulares) 
con un periodo total de alrededar de 13 anos. Se decidi6 que la forma mas 
practica seria separar empiricamente los efectos de tendencia de los de cicIo, 
siguiendo el metodo de Croxton y Crowden (1943). 

Un correlograma para la temperatura media de primavera fue tambien 
calculado y parece muy similar al correlograma para "dias frios", tal como 
se esperaba. EI correlograma del nivel medio del mar en primavera (Figura 
12) muestra n1ucho menor evidencia de oscilaciones regulares; ciertamente, 
los valores de rk de esta serie podrian facilmente oCllrrir por casualidad, 
aunque hay una ligera sugesti6n de U11a posible oscilaci6n de un periodo 
medio de 6 6 7 afios. 

( e) Separacion empirica de tendencia y ciclo 

El efecto de separar la tendencia, los ciclos y las desviaciones producto 
del azar, al suavizar y promediar sobre el correspondiente numero de afios 
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del cicIo, se muestra en las Figuras 12 a 14. Se calculo un periodo de trece 
arios para la temperatura de la superficie y para el numero de dias frios, y 
un periodo de siete afios para el nivel del mar. Una vez que la longitud del 
cicIo, n, fue determinada, el metodo (Croxton y Crowden) fue como sigue. 
EI promedio movible de n fue computado para dar la tendencia. Luego cada 
terminG x fue expresado como un porcentaje del termino promedio apropi

ado, a. Esto di6 una serie de valores de x x 100. Estos terminos fueron 
a 

divididos entre grupos de n terminos consecutivos, luego los primeros termi
nos de cada grupo fueron sumados, despues todos los segundos terminos y 
asi sucesivamente basta tener n totales. Las medias de estos totales n dieron 
el cicIo en terminos de la tendencia, y cuando fueron multiplicados por los 

valores apropiados de l~O el resultado fue una estimacion del ciclo y la 

tendencia en terminos de las unidades originales. Las figuras muestran los 
datos originales, la tendencia sola, el cicIo y la tendencia juntos, y las desvia
ciones de la tendencia, asi como tambien las del cicIo mas la tendencia. 

Se puede ver que, en cada caso, las desviaciones residuales despues de 
substraer la tendencia y el cicIo, son bien grandes. Ademas, la configuracion 
del cicIo no es fiUy similar en las diferentes series. 

Se puede llegar a la conclusion de que bay una tendencia de largo plaza 
hacia arriba para el nivel del mar y la temperatura en primavera, y una co
rrespondiente tendencia bacia abajo en el numero de dias frios. Hay alguna 
ligera evidencia de una oscilaci6n, ya sea del tipo autoregresivo con un 
periodo medio de 6.5, 0 un cicIo bimodal con un periodo total de 13 anos. Sin 
embargo, si tal oscilacion existe, es muy debil con respecto al fonda de vari
abilidad debida al azar. Las desviaciones residuales de la tendencia y del 
cicIo, para cada serie, son tan grandes ql.le las predicciones basadas en las 
estimaciones de la tendencia y el cicIo no son mucho lnejores que el simple 
promedio a largo plazo. 

Los vientos de Balboa 

Los vientos de Balboa tambien fueron probados para ver si exhibian 
tendencias 0 ciclos que pudiesen ser relacionados a fenomenos similares en 
el nivel del mar en Balboa 0 en la temperatura de superficie. Las pruebas 
de Kiveliovitcb y Vialar asi como las de Foster y Stuart, se emplearon nue
vamente. 

(a) Pruebas de longitudes maximas) minimas y de fase 

Los resultados que se obtuvieron al contar el numero de maximas y 
minimas en las series anuales de primavera de los vientos n6rdicos y propia
mente del norte, al calcular los valores de T y al compararlos con las cartas 
dadas POI' Kiveliovitcb y Vialar, se dan en la la Tabla 10. Los valores para 
ambas series anuales cayeron fuera de la region del 95 POI' ciento de con
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fianza, pero las series de primavera no mostraron una indicaci6n significativa 
de no ser causadas por el azar. El numero de fases de diferentes longitudes 
no pudo ser probado individualmente por este metodo, porque los valores de 
P fueron muy pequefios, en cada serie, para las cartas dadas por Kivelio
vitch y Vialar. Wallace y Moore (1941), han dado, sin embargo, un metodo 
para probar la divergencia entre el l1umero real y el numero esperado en 
cada una de las longitudes de fase. Cada divergencia es elevada al cuadrado 
y dividida por el valor esperado, y los tres terminos resultantes (correspon
dientes a las tres clasificaciones de longitud de fase) son sumadas para dar 
el valor de x2 una estadistica similar a la usual x2 de Pearson. Los valoresp, 

de x2 obtenidos para las cuatro series de vientos fuer011 todos altos (granp 

des) y como se ve en la Tabla 10, todos indicaron que las series no fueron 
originadas al azar. 

Como nuestro interes en el viento era solamente en 10 que pudiera rela
cionarse al nivel del mar y la temperatllra de superficie, no se calcularon 
los correlogramas para determinar la existencia de posibles ciclos en estas 
cuatro series. En cambio, la serie total para los vientos del sector norte en 
primavera fue investigada mas ampl:iamente (aunque esta serie mostr6 la 
desviaci6n n1aS pequefia de los valores producto del azar, de acuerdo con 
las pruebas de x2 p) porque previamente se encontr6 que era la que mejor se 
relacionaba con los niveles y temperaturas de primavera. El coeficiente de 
correlaci6n serial, rk, fue calclIlado para los ciclos con longitud mas probable 
de ocurrir en las otras variables; esto es, K = 7 y K = 13. Los valores ob
tenidos fueron 0.197 para r 7 Y - 0.077 para r 13 , ninguno de los cuales fue de 
significaci6n. Se lleg6 a la conclusion de que no hay evidencia de ciclos co
rrespo11dientes a los encontrados como los mas probables para las series del 
nivel y la temperatura en primavera. 

(b) Determinac-i6n de tendencia 

La prueba del "viaje de ida y regreso" de Foster y Stuart demostr6 que 
los valores de D son grandelnente significativos para las series anuales del 
viento propiamente del norte y de los vientos del sector norte en primavera 
tal como se indica en la Tabla 11. Esto confirma que durante el periodo 
bajo consideracion ha habido una tendencia a largo plazo de estos vientos, 
a dismiI1uir, 10 cual corresponde a la tendencia a aumentar del nivel del mar 
y la temperatura. 

Desviaciones desde la tendencia del viento, la tempertura y el nivel del mar 

Previamente se ha demostrado que hay una correlacion significativa 
de un ano a otro, entre los valores de primavera de los vientos del sector 
norte en Balboa, la temperatura y el nivel del mar. Tambien se ha sostenido 
anteriormente que hay tendencias de largo plazo para cada una de estas 
variaciones, las cuales se relacionan unas a otra. Se presenta la cuesti6n 
(como se anoto en p. 119) de si las correlaciones observadas se deben en 
gran parte a la correlacion de las tendencias. A fin de examinar esto, tam
bien hemos calculado ademas de los coeficientes de correlacion entre los 



130 SCHAEFER, BISHOP Y HOWARD 

datos originales previamel1te referidos, los coeficientes de correlacion entre 
las desviaciones de las tendencias de largo plazo de cada serie. En la Tabla 
12 se han tabulado los coeficientes de correlaciol1, tanto para los datos origi
nales como para las desviaciones de las tendencias de largo plazo. 

Se puede ver en esta que entre el viento y la temperatura del mar, la 
correlaci6n de las desviaciones de la tendencia es mas 0 menos la misma que 
la correlacion de los datos originales. Entre el viento y el nivel del mar, la 
correlaci6n de la desviacion de la tendencia es re\ducida en comparacion a 
la correlacion de los datos originales,mientras que ocurre 10 contrario entre 
el nivel y la temperatura. parece pues, asi, que en general hay una regular 
correlaci6n de las anomalias anuales de las diversas series alin despues de 
remover la tendencia a largo plazo. De aqui se puede llegar a la conclusion 
que las anomalias locales del viento de un ano a otro son lIn elemento im
portante para determinar, ano tras ano, las anomalias del nivel del mar y la 
temperatura, aun despues de que la tendencia a largo plazo haya sido des
contada. 
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