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RESUMO

Radiagcbes de ondas curtas sobre a atmosfera do Oceano Pacifico influenciam diretamente sua
temperatura. Assim, deve-se esperar que as temperaturas do ar variem de acordo com as latitudes (por causa
da radiagdo), por um lado; e, também, variam de acordo com a profundidade do oceano, ou seja,
longitudinalmente, pelo outro lado. O Projeto TAO do Laboratério Ambiental Marinho do Pacifico (PMEL) da
Administracdo Nacional Oceanica e Atmosférica (NOAA) dos Estados Unidos possui dados de temperaturas do
ar no Oceano Pacifico de 10° Norte a 10° Sul de latitude ao longo da linha equatorial, organizada por
meridianos de 95° Oeste para 135° leste. O presente projeto processa dados de temperatura meteoroldgica e
matematicamente, para considerar sua evolugao longitudinal ao longo do tempo e como os pontos da grade
interagem entre si e como essas interagdes variam gradualmente do lado leste deste oceano para o oeste
significa correlagdes de defasagem. No entanto, existe uma caracteristica peculiar na temperatura do ar em
uma grande regido da parte oeste do oceano, onde as variagdes mudam acentuadamente, o que pode ser
observado, novamente, pelas fungbes de correlagédo lag. O codigo usado para processar matematicamente e
tracar esses dados foi desenvolvido através do meio da versao de estudante Matlab da MathWorks Inc.

Palavras-chave: Correlagdo por atraso, lineariza¢do, temperaturas do ar, processo de dados, analise de
dados, flutuacgdess.

ABSTRACT

Shortwave radiation over the atmosphere of the Pacific Ocean influence directly on the temperature. So,
it should be expected that air temperatures vary according to latitudes (because of the radiation), by one side;
and, also, they vary according to the depth of the ocean, it means, longitudinally, by the other side. TAO Project
of Pacific Marine Environmental Laboratory (PMEL) of National Oceanic and Atmospheric Administration
(NOAA) of United States has data of air temperatures in the Pacific Ocean from 10° North to 10° South of
latitude along the equatorial line, organized by meridians from 95° West to 135° East. The present project
processes temperature data meteorological and mathematically, to regard their longitudinal evolution along the
time and how points of the grid interact between themselves and how these interactions vary gradually from the
east side of this ocean to the west means lag correlations. Nevertheless, there is a peculiar characteristic in air
temperature on a great region of the West part of the Ocean, where variations change sharply, the fact that
could be observed, again, by dint of lag correlation functions. The code used to process mathematically and plot
these data was developed through the medium of Matlab student version from MathWorks Inc.

Keywords: Lag correlation, linearization, air temperatures, data process, data analysis, fluctuations.
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1. INTRODUCTION

Temperature influences considerably over
many systems in the environment (Blonder &
Michaletz, 2018), evaporation (Wu, Zhu, Ye,
Zhou, Tang, 2019), speed of gases (Anderson,
Penn, 1955; Singh, 2013), the surface of the
seas.

Nevertheless, it could be affected by
many parameters such as radiation balance
(Ding, Zhou, Zhang, Liu, & Cao, 2018), soil
moisture (Fan et al., 2019). For this reason, when
it is necessary to study any system, it is relevant
to analyze temperature, i.e., urban analysis (Yoo,
Im, Park, Quackenbush, 2018), forecasting
(Curceac, Temynck, Ouarda, Chebana, Niang,
2018), model prediction (Sanikhani, et al., 2018),
extreme weather events (Gong, Hu, 2019),
research in changes in weather (Livada, et al.,
2019), detecting changes in data and operational
environment (Zvara, Szabd, Balazs, Benczur,
2018).

This work seeks to find a physical
apprehension of the temperature upon the air in
the Pacific Ocean means real data process. Any
variable measurement “yield different values that
seemingly fluctuate and adopt a random pattern,
which, at best, cluster near the actual value of the
observable of interest” (Pruneau, 2017). Then, it
will be necessary to develop an algorithm to
process these data (Zhang, 2018), be it an
interpolation means covariations (Alidoost, Stein,
Su, 2018), or a statistical model such correlation
model (Yang, Bai, Liu, 2019).

Interpretation of correlations is very wide,
between two variables or itself. With this
parameter, it can be indicated mixture fraction
space that occurs in an evaporation process (Wu,
Zhu, Ye, Zhou, Tang, 2019); also, it will be
possible to characterize behavioral patterns (Liu
et al, 2018), even, it will handle with the
activation of fire detection in an aircraft cargo
compartment (Wang et al., 2018). For the present
work, the lag correlation will allow us to
understand linear demeanor of air temperatures
between more than fifty positions over the Pacific
Ocean.

In general, data of air temperature in the
boundary of the equatorial line in the Pacific
Ocean around the equatorial line fluctuate
randomly, presenting warmer and colder
periodical trends. Perceive if these fluctuations
synchronize between these buoys, is very
difficult, basically, because the amplitude of the
time series in the east of this ocean is very tiny.

For this reason, to appreciate these eventualities,
the lag correlation function will be used.

2. MATERIALS AND METHODS

2.1. Data

Daily observations of an air temperature
of the atmosphere at 3.00 m of altitude are
obtained from the grid of the Tropical Atmosphere
Ocean/Triangle Trans-Ocean Buoy Network
(TAO/TRITON) project of the Pacific Marine
Environmental Laboratory of the National
Oceanic and Atmospheric Administration project
(PMEL-NOAA, 2015) grid, shown in Figure 1.

The quality control of the daily
temperature dataset over the Pacific Ocean was
done by the PMEL-NOAA. These data were used
to analyze warm anomalies (Bond, Cronin,
Freeland, 2015), in an ocean heat balance
(Cronin,  McPhaden, 1997), to analyze
circulations (Cronin, Kessler, 2008).

Air temperature data set is used in this
study from 1980 to 2016; also, the lack of data is
omitted in the present process, especially in the
calculation of lag correlations processes.

2.2. Anomalies in air temperature

Fluctuations of an air temperature of the
atmosphere at 3.00 m of altitude of the Pacific
Ocean, may be related to phenomena such
ENSO, particular currents, or may influence over
winds, relative humidity. It will be comprehended
observing variations on time series of air
temperatures (Pickard & Emery, 2007) for the
grid analyzed in this project, their ranges, the
amplitude of fluctuations, and trends will be
understood; a process that will be presented in
the Characteristics in air temperature in the
Pacific Ocean section.

Also, average data sets along the time are
presented in every time series plot. Its tendency
might be a sign if temperatures were increasing
or decreasing in time, (Zhu, Li, Jiang, 2017).

2.3. Statistical model

To analyze behaviors of air temperature
related between the several buoys of the present
grid, time correlation (DeWalle, Boyer Buda,
2016) processes might be applied, of each buoy
respect the others, pair by pair; see Comparison
to a lag correlation model section.

Periddico Tché Quimica. ISSN 2179-0302. (2019); vol.16 (n°32)
Downloaded from www.periodico.tchequimica.com

714



If the lag correlation is relatively high
(values bigger than 0.75 points), it can be
ensured that there is an astounding linear
relationship within them (Chenchua, 2015); i.e.,
buoys with a huge influence on two different
points. And if the lag correlation is smaller than
the half point, there would be no linear
relationship among the observed pair which may
have a lofty possibility of being a complex or
chaotic system.

Calculation of lag correlation coefficients

T, could be done by means of the relationship
between covariance of two positions of buoys
that measure the air temperature (i.e., x and y)
with their respective standard deviation, see Eq.
1 (Emery & Thomson, 2006):

T(x,y) =
T 2L (=D (=)

(I 0= [P 972

Eq 1

where:

X: mean value of an x dataset (x buoy).
¥: mean value of an y dataset (y buoy).
N: length of data set.

x;: any value of x dataset.

y;: any value of y dataset.

It can be appreciative certainly that
numerator represents covariance between two
data sets, and each root in the denominator
represents the standard deviation of each dataset
(Wilks, 2006).

3. RESULTS AND DISCUSSION:

3.1 Characteristics in air temperature in the
Pacific Ocean.

Range of occurrences of air temperature,
from 1990 to 2015, around the expected value, in
the third part of the big ocean (east), is very
dwarf. Although, due to the number of
occurrences, it is troublesome to appreciate if
temperatures increase in summer or decrease in
winter; or how this parameter, in this part of the
ocean, is affected by any phenomenon.

Average values along the time in the east
side of the Pacific Ocean are straight lines; while
in the west, it could be appreciated small
oscillations. Perhaps, it is due because of the
different size of the fluctuations in these two sides
of the Pacific Ocean.

Figure 4: Area where oscillations are bigger
along the Pacific Ocean.

Adapted from "Centro de Prevision de
Estudios Climaticos" by
http://satelite.cptec.inpe.br/repositoriogoes/goes16/
goes16_web/gl_sat rgb baixa/2018/12/S11635397
_201812141445.jpg

In this section, it could be ensuring that, in
the east side of the Pacific Ocean, there is a
trend that the time series oscillates with small
amplitudes, mainly in the northeast, see Figure 2.
This fact makes it impossible to comprehend the
harmony of fluctuations.

By the other side, while displacing from
the east of the Pacific Ocean to the west, it could
be detected that the range of occurrences of air
temperatures around the expected values,
increase little by little, achieving the major
fluctuations near the American Continent,
especially in the 95° W meridian, as can be seen
in Figure 3.

It is clearly appreciated that the size of
fluctuations in the east Pacific Ocean is much
smaller than the west. There appears a triangle in
the west of the Pacific Ocean, Figure 4, where
amplitudes of oscillations are greater than other
buoys. One vertex is located in 0° N 170° W, and
the other two vertices at 95° meridian at 8° N and
at 8° S, respectively.

Maxima amplitudes of oscillations are
remarked along the equatorial line (0° N). In this
latitude, fluctuations are notoriously not harmonic;
during years, some buoys seesaw upon the time
average line of air temperature, Figure 5, top;
while others seesaw below the time average line,
Figure 5, bottom.

3.2 Comparison to a lag correlation model

It has been already seen that range of air
temperature is small, notably on the eastern
Pacific Ocean, and that, it does not mean that
they have homogeneous behavior, or that higher
values are expected in summer and lower in
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winter. To ascertain the behavior of fluctuations,
there will be analyzed correlation functions
(Emery & Thomson, 2006) between each pair of
buoys in the Pacific Ocean.

Time correlations of eastern buoys
respect all meridians shows that until 165E
meridian, all the results have almost null values.
This sight that, time series of air temperature in
the East side of the Pacific Ocean are not
periodical, even oscillations ranges are very
small, they do not oscillate harmonically. So, it
could be assured that behavior of variations of air
temperatures in the east side on the Pacific
Ocean respect each buoy off the grid might be
chaotic, even when no phenomenon is
happening, see Figure 6; because lag correlation
keeps constant with an expected value of 0.

If it is delved into time correlations for
buoys from East to West, there might be found
that from buoys based at the meridian 165° E
against buoys on the West, their ranges begin to
increase, mainly with respect to neighboring
buoys and just after the year 2000 but with values
oscillating no bigger than 0.5 units. What it
means is that the previous mentioned nonlinear
system starts to break, because lag correlation
indexes approaching to null values for these
buoys start to increase, little by a little while
moving to west ordinates. What it means is that
the interaction of buoys appears while moving
towards the west of the ocean.

At the buoys occupying the 180W
meridian, it is descried a considerable change in
the time correlation functions, the null time
correlation values of the eastern buoys become
to increase from the buoys in this Meridian
regarding to western buoys; so there appears a
grand linear trend between many western buoys
cognate to 180° W during many years and with
values of correlations having small anomalies
over time, as shown in Figure 7. Even that, these
values start to decrease from buoys in the
longitude of 125° W; but on 2° S 95° W, where
the lag correlation is very high again around 0.75
points (lag correlation has no units).

Observing time correlation of the buoy
located at 0°N 170° W reference to the rest of the
buoys of the Pacific Ocean, there could be found
higher values of correlation coefficients over time
but with markedly variable fluctuations in their
values for western buoys. Perchance this
correlation values compared to buoys positioned
at 180° W, are very similar. Again, decreasing
values begin when contrast to buoys positioned
from 125° W to buoys near the American

continent (95° W). So far, time correlation with
buoys above 5° N in the North Hemisphere and
below 5° S in the South Hemisphere has very
small oscillating values, but from 125° W, these
values will increase slightly without a sizable
factor. It means, the values achieved are still
small, so they cannot be considered a linear
relationship.

Analyzing time correlation of the buoys at
0° N, 140° W and 125° W respect to the others, it
is seen that their correlating values begin to
increase progressively in regard to buoys based
on the east side (i.e. 0° N 155° W) in reference to
the buoys at its west lateral, (i.,e. 0° N 95° W),
although the others locations present low values
of lag correlations respect to the 0° N 95° W, as it
may be seen in figure 8. This zone has the
maxima lag correlations indices raised in the
Pacific Ocean, bordering the 0.75 units.

If east side buoys of 0° N 125° W preserve
high correlation values up to the buoys located at
the West from the Meridian 180° W, the
correlation of few buoys at 0° N 110° W with
reference to the neighbor buoys settled on their
east meridian are very big. They have bigger
values of all the Pacific Ocean respect to
interactions; mainly when comparing lag
correlations with reference to the same Meridian
(110° W) and related to buoys located at 95° W,
they have vast values for Air Temperature on the
Tao Project. This is a tremendous anomaly
because if it is evaluated the correlation of 95° W,
the highest values start again between the
meridian of 125° W and 110° W, but their
inconstancy values noticeably. It can be observed
in figure 9, that they have not uniform shapes like
other cases.

Based on lag correlations for air
temperature between all the buoys of the
Tao/Triton project, even the size of the Pacific
Ocean, it is possible to find a big area where
linear relationship hold sway, it means, time
correlations achieve values around 0.75 units.
Oscillations of time correlation values of air
temperatures for the western buoys maybe
constant or have very small anomalies; the fact
that may imply that there is a constant flux of heat
on their atmosphere.

It has seen the peculiar behavior in the
temporal occurrences of air temperature in the
west Pacific Ocean. This fact is corroborated in
the lag correlation processes, where a
considerable progressive increase is regarded to
buoys of 155° W, in reference to buoys located in
this particular area, especially to 95° W; while
other buoys present small values of lag
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correlation in reference to buoys located at 95°
W, see Figure 10.

4. FUTURE PREDICTIONS:

It Is known that temperatures influence
over many systems, so, the study of interactions
between air temperatures with relative humidity,
sea surface temperatures, wind speeds, and
other parameters will be relevant.

Chaotic behavior of air temperatures in
the east of the Pacific Ocean has tremendous
importance in front of phenomena.

There could be possible to predict air
temperatures in the west of the Pacific Ocean,
manly in the area shown in Figure 4.

5. CONCLUSIONS:

Time series of air temperature on the East
side of the Pacific Ocean are not harmonic. No
one lag correlation for air temperatures on the
eastern side of the Pacific Ocean has non zero
value. Lag correlations initiate to increase from
180° W, achieving higher values at 125° W. The
Pacific Ocean could be seen as two oceans into
a big one. One on the East Pacific Ocean
(uncorrelated) and the other on the West Pacific
Ocean (correlated).

Anomalies in the west Pacific Ocean have
clearly pronounced while the east; especially
close to the 0°N 95° W.

Fluctuations of lag correlations of air
temperatures in the Pacific Ocean are very small,
presenting constant trends.

There is a triangular region in the west
Pacific Ocean, where oscillations are bigger, the
thing that is corroborated with the appearance of
fluctuations of lag correlation functions respect to
this area.

Higher lag correlation functions are found
in the mentioned particular area of the west
Pacific Ocean; this implies that these buoys
oscillate synchronized.
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Figure 1: Location of the buoys for TAO project along the Pacific Ocean

Adapted from "Transpacific project" by http://www.transpacificproject.com/
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Figure 5: Time Series of air temperature with
major oscillations for buoys in the west side of
the Pacific Ocean, at the top at ON 125W; and, at
the bottom ON 155W.
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Figure 6: Lag correlation of buoys located
at the northeastern side in the Pacific
Ocean eastern buoys. At the top 5N 165E
respect to 5N 156E, at the bottom 8N 165E

respect to 2N 137E.
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Figure 7: Lag correlation of buoys at ON 180W
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Figure 10: Decrease of lag correlation of buoys
located in the west side in the Pacific Ocean. At
the top ON 155W respect to 5S 140W; in the
middle, ON 95W in reference to 2N 155W; and at
the bottom ON 95W respect to 2S 125W.
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