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Abstract. Antarctica is a sensitive area of global temperature change. Analyzing the temperature change in
Antarctica can provide a basis for the analysis of global climate change The shared data provided by the
automatic weather station plan are analyzed, and the relatively complete January temperature of Antarctic
8905 station from 1981 to 2020 is selected for analysis. Using the multi-scale analysis function of wavelet
analysis, Morlet wavelet function is selected to carry out continuous wavelet transform on the daily
temperature data, and the real part, modulus square and variance of continuous wavelet change are analyzed.
It is found that the daily temperature of Antarctica is There are 14, 27, 72, 268, 380 and 665 day main periods
for temperature changes. The trend analysis of wavelet transform coefficients under each period shows that
the Antarctic temperature is in a high temperature period of 14, 27, 72, 268, 380 and 665 day periods in the
years after 2021. The maximum temperature in January in Antarctica has a 20-year main period, and the
minimum temperature has a 14-year and 23-year main period, The average value has a main cycle of 6 years,

14 years and 24 years.

1 Introduction

The blue book on world climate change points out that
from 1880 to 2012, the global average surface
temperature increased by about 0.85 °. In the next 100
years, the global average surface temperature will
increase by 1.4 to 5.8 degrees Celsius, becoming the
fastest warming period in recent 10000 years. Global
warming has led to the rise of sea level and the frequent
occurrence of various climate disasters in land areas. As
an important part of the earth system, the polar climate
system is the most sensitive area to climate warming.
Analyzing the law of temperature change in the polar
region is helpful to provide a reference basis for global
research on the characteristics of climate change. At
present, many scholars at home and abroad have carried
out research and Analysis on temperature changes in
Antarctica. Nicolas et al. [1,2] studied extreme high
temperature events in Antarctica through era interim
reanalysis data. Li Jingfeng [3] and others analyzed the
characteristics of temperature in the north of the Antarctic
Peninsula and its relationship with sea ice. Liu Yu [4]
analyzed the impact of tropical intraseasonal oscillation
on Antarctic temperature change. Wang Yicheng et al. [5]
used polar WRF to analyze extreme low temperature
events in Antarctica. Ma Qiang et al. [6] analyzed the
variation characteristics of temperature, wind and
precipitation at the Great Wall Station in Antarctica.
Using the shared data provided by the automatic weather
station program of the University of Wisconsin (Madison),
the temperature data of 8905 station is selected for
analysis by analyzing the data of all observation stations.
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The temperature observation data of the station is
relatively sound, and the observation data are from 1982
to 2020. However, some monthly data are missing. This
time, relatively continuous January temperature data are
selected for analysis to issue the internal laws of Antarctic
temperature change and find out its internal scale and
change trend at each scale. Wavelet analysis is a good
multi-scale analysis method. It can find the internal laws
of data through Fourier change. It is also known as the
"magnifying glass" of data analysis.

2 Analysis of Antarctic temperature
change based on CWT

If the Antarctic temperature data sequence is f(¢), its
continuous wavelet transform CWT is [7,8]:

W(a,b)=la]"" [ f(r)ql(%)dt (1)

Among them: VVf (a,b) is the wavelet transform

coefficient, \Pa,b (t) is the continuous wavelet function,

which is also called the basic wavelet. It has the
characteristics of small energy, small shape, oscillation in
time domain, good vanishing moment and good self
phasing. Namely:
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The Antarctic temperature signal can be changed and
reduced by adjusting the size of a and B. If you need to
analyze the signal details, you can adjust a to reduce,

‘Pa’b (t)’ S value and shrink in the direction of the time

axis, so as to obtain high-frequency information. If it is
necessary to analyze the general picture of wavelet, a can

be increased, which ‘Pa,b (t) extends in the direction of

time axis, so as to obtain the low-frequency information
contained in the signal.

In practical application, the continuous wavelet function
must meet the admissibility condition. At present, the
commonly used Morlet function is the wavelet function
that can meet this condition. Morlet wavelet is a single

frequency complex sinusoidal function. The expression is:

\P(t) — eiwote—tz/Z (5)

Morlet wavelet function is used to continue the multi-
scale analysis of the Antarctic temperature change.

3 Multiscale characteristic analysis of
Antarctic temperature

The analysis data is the temperature data of Antarctic
8905 station from January 1981 to 2020. The observation
data is measured once every 3 hours, but some of them are
missing. The average data of the first three hours and the
last three hours are used to analyze the missing data. The
data of three years are missing, and the data of these three
years are not involved in the analysis. The data analyzed
in this time are daily temperature data series, annual
maximum temperature data series, annual minimum
temperature series and annual average temperature series.
The above Morlet wavelet function is selected to carry out
continuous wavelet change on the Antarctic temperature
change, and the existing law of Antarctic temperature
change is found by calculating the main eigenvalues of
wavelet transform coefficients.

3.1 Multiscale analysis of daily temperature in
Antarctica

n S
100 200 300 400 500 600 700 800 900 1000
Real part graph of wavelet transform
1000 F e ————— T T =
800 [~ ' & -~
Ty, —> =
soo — < 5 = = 4
400 "¢ DS = — —
o\ e Q4
1 I 1 1 1 L I I 1 = I
100 200 300 400 500 600 700 800 900 1000
8 10° Variance diagram
& /\\ i
il rd S5 1
: J\/ 1
o N n L L n
o 200 200 500 500 1000 1200

Fig. 1 Multiscale analysis of daily temperature in Antarctica

By analyzing the modulus square, real part and variance
of the wavelet transform of daily temperature in
Antarctica, and enlarging the turning point, it is found that
there are 14, 27, 72, 268, 380 and 665 day main cycles in
the daily temperature change series in Antarctica in
January. By analyzing the real part change process of
wavelet transform at each main scale, the change process
of temperature series at various scales can be obtained.
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Fig. 2 Analysis of Antarctic temperature change on 14 day
scale

In the 14 day scale, the periodic change of temperature is
more intense. According to the analysis above, the
temperature of Antarctica in January 2021 is in a high
temperature period on the 14 day scale.
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Fig. 3 Analysis of Antarctic temperature change on 27 day
scale

In the 27 day scale, the periodic change of temperature is
more intense. According to the analysis of the above
figure, the temperature in January 2021 in Antarctica is in
a high temperature period on the scale of 27 days.
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Fig. 4 Analysis of Antarctic temperature change on 72 day
scale

It can be seen from the above figure. In January 2021, the
temperature in Antarctica is in the low temperature period
of 72 day scale. In January 2022, the temperature in
Antarctica is in the high temperature period of 72 day
scale.



E3S Web of Conferences 329, 01003 (2021)

https://doi.org/10.1051/e3sconf/202132901003

GESD 2021
100 i i i
268 day scale It is found that it has a main cycle of 6 years, 14 years and
0 24 years.
— ™ O O O O O OO OO Vavelet transform modular squars graph
WA OANM~NMNMOTOOOANN NOMO I —
-100 AHANNOOITOOONN~0O0 DO | ——— 1

Fig. 5 Analysis of Antarctic temperature change on 268 day
scale

It can be seen from the above figure that the temperature
of Antarctica in January in 2021, 2022, 2023 and 2024 is
in the period of high temperature on the scale of 268 days.
After 20006, the turning years of temperature from low to
high are 2020 and 2009. The turning years of temperature
from high to low are 2015 and 2006.
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Fig. 6 Analysis of Antarctic temperature change on 380 day
scale

It can be seen from the above figure that the temperature
in January of Antarctica in 2021, 2022, 2023, 2024, 2025
and 2026 is in a high temperature period under the 380
day scale. The turning years of temperature from low to
high after 2006 are 2020 and 2006. The turning year of
temperature from high to low is 2013.
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Fig. 7 Analysis of Antarctic temperature change on 665 day
scale

It can be seen from the above figure that the temperature
of Antarctica in January from 2022 to 2029 is in a high
temperature period on the 665 day scale. After 2006, the
turning year of temperature from low to high is 2021; The
turning year of temperature from high to low is 2010.

3.2 Multi scale analysis of temperature variation
in Antarctica in January
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Fig. 8 Multi scale characteristic analysis of temperature change
in Antarctica in January

The modulus square, real part and variance of the wavelet
transform of the average temperature in January in
Antarctica are analyzed, and the turning point is enlarged.
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Fig. 9 Multi scale characteristic analysis of temperature change
in Antarctica in January

The modulus square, real part and variance of the wavelet
transform of the maximum temperature in January in
Antarctica are analyzed, and the turning point is enlarged.
It is found that there is a main period of 20 years.
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Fig. 10 Multi scale characteristic analysis of temperature
change in Antarctica in January

The modulus square, real part and variance of the wavelet
transform of the maximum temperature in January in
Antarctica are analyzed, and the turning point is enlarged.
It is found that there are 14-year and 23-year main cycles.

4. Conclusion

Antarctica is a sensitive area of global temperature change.
Analyzing the temperature change in Antarctica can
provide a basis for the analysis of global climate change.
Using the shared data provided by the automatic weather
station plan of the University of Wisconsin (Madison), the
temperature data of 8905 station in January are selected
for analysis. Using the multi-scale analysis method of
continuous wavelet transform, the main periods of daily
temperature change in Antarctica are analyzed, which are
14, 27, 72, 268, 380 and 665 days. The trend of wavelet
transform coefficients in each period is analyzed. It is
found that the Antarctic temperature is in the high
temperature period of 14, 27, 72, 268, 380 and 665 days
in the years after 2021. The maximum temperature in
January in Antarctica has a main cycle of 20 years, the
minimum has a main cycle of 14 and 23 years, and the
average has a main cycle of 6, 14 and 24 years. In the next
few years, the global temperature will be in a period of
high temperature. All climate change related units should
take response measures such as energy conservation and
emission reduction and green environmental protection to
reduce carbon dioxide emissions, so as to reduce the
impact of human activities on temperature and slow down
the rising trend of global temperature.
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