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Abstract. Since the global warming has becoming a significant issue, lots of research and
studies have been done in every part of the earth, while we knew little of the Antarctica. the
Antarctica is a very complex region. Different research methods and variables for the same
region may produce different results. This paper focusing the study of temperature variation
in East Antarctica, uses the data from ERA5 and CERES to generate the spatial and
temporal plot of the mean temperature and make explain. By using sorts of statistical
methods including Spearman's rho and linear regression model, this paper here conducts the
analysis of the relationship between the radiation, air pressure and the temperature, finding
that the temperature is not sensitive and through they show the same trend, the reason is
totally different, attributing to various factors like katabatic wind. This paper contributes to
use many statistical methods during the analysis and may provide some new perspective for
further investigation.
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1. Introduction

At present, global warming has become a significant issue. The rising temperature is affecting each
part of the earth, even the coldest place, the poles. Scientists have done a lot of research on
temperature variation in Antarctica. The Antarctic Surface Air Temperature (SAT) trends are
characterized by fast warming over West Antarctica but mild cooling over East Antarctica [1].
Stammerjohn et al. [2] found that the temperature on the Antarctic Peninsula has shown a rising
trend since 1950. The inter-annual temperature variability of winter is the largest, and the annual
mean temperature anomalies are dominated by winter temperatures [3]. An assessment that
compared the data of ERA5 with the data from 41 weather stations shows a cooling trend in East
Antarctica. Also, the south annular mode (SAM) trend had a statistically significant cooling effect in
East Antarctica [4,5].

Antarctica is a very complex region, there are many factors that affect the temperature in this
region. Although its continental area is not large, large amount of ice cover brought by the extreme
low temperature and the complex terrain, which makes different regions of Antarctica show different
temperature trends. Different research methods and variables for the same region may produce
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different results. Scientists are also trying to study the factors that may influence temperature in
Antarctica. Some researchers have studied the sea ice, and find that Sea ice and temperature are
significantly and negatively correlated [6,7]. Turner and others investigate the background of the
extreme temperature, suggesting the relationship between the Foehn effect and the sea ice [8]. Some
studies involve air pressure, and researchers have found the pressure is partially related to the
temperature trend [9,10]. There are more studies of the relation between radiation and temperature
carried out by Ångström [11], King [12] and T. Zhang et al. [13]. Moreover, Van Den Broeke and
Van Lipzig [14] revealed the impact of the Antarctic Oscillation Index (AAOI) on different regions
of Antarctica. Bitz and Polvani [15] investigate the impact of stratospheric ozone depletion on the
Antarctic climate.

This paper chooses radiation and air pressure to do the research and uses Spearman's rho to
analyze the correlation of the factors that are  listed on the ECMWF as having an impact on
Antarctica's climate. The correlation table suggests that the highest correlation is the longwave,
while the shortwave and the air pressure are negative to the temperature, so from these factors, we
choose these two to conduct the analysis.

This paper also generates different temperature trend graphs based on ERA5, which indicates the
temperature of different parts of Antarctica and describes the temperature trend, concentrating on the
East Antarctic, with longitude from 30°W to 170°E and latitude from 60°S to 90°S. And some sorts
of statistical analysis method have been done and conduct the analysis of the factors affecting the
temperature. This paper provides some ideas and views for studying the relationship between
temperature, radiation and air pressure in East Antarctica.

2. Data and methods

2.1. Data

This paper uses data from ERA5 and EBAF from CERES. ERA5 is the fifth generation ECMWF
atmospheric reanalysis of the global climate covering the period from 1940 to the present. The data
covers the Earth on a 31km grid and resolves the atmosphere using 137 levels from the surface up to
a height of 80km. CERES provides satellite-based observations of earth radiation budget (ERB) and
clouds. The data provides direct measurements of reflected solar radiation and emission of thermal
infrared radiation to space across all wavelengths between the ultraviolet and far-infrared.

This paper uses the annual average air pressure at mean sea level from 2001-2022 for the air
pressure analysis. As for the radiation analysis, we choose the longwave and shortwave data under
the condition of all sky. Considering that ERA5 is the reanalysis dataset of different data sources
instead of the directly observed data, this paper uses the data from CERES to analyze radiation.

2.2. Spearman's rho

There are many factors that impact temperature. This paper uses Spearman's rho, a nonparametric
statistic used to measure the monotonic relationship between two variables, to generate the
correlation table of these factors listed on the ECMWF.

Calculation formula:    
(    is the rank difference of each pair of observations, and n is the number of observations)

ρ = 1 −
6∑ d2

i

n(n2−1)

di
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2.2.1. The latitude-weighted averaging method

In data processing, the latitude-weighted averaging method is used in this paper, considering the
averaging method at different latitudes. This method consists of three steps and it can be used to
obtain a more reasonable and accurate average.

Calculation formula:
1.calculate weights:    
2.weighted summation:
3.normalization:  

2.2.2. Linear regression model

To generate the trend of the processed data, this paper uses a linear regression model, implemented
through the linregress function. This function calculates the slope, intercept, correlation coefficient
(R), p-value, and standard error. The model is divided into two parts: the regression model, used for
trend analysis, and the correlation model, used for significance testing and correlation analysis. The
slope (m) and intercept (b) of the regression line are calculated, with the Pearson correlation
coefficient measuring the linear relationship between variables like temperature, radiation, or
pressure. The t-statistic and p-value are then used to assess the significance of the regression
coefficient, determining if the observed trend between variables and time is statistically significant.

The Pearson correlation coefficients (R) measures the strength of the linear relationship between
the variables and is given by:

3. Result

3.1. The temporal and spatial trend

This paper depicts the monthly and annual temperature trends from 1980 to 2022 using ERA5 data.
The annual plot indicates a consistent upward trend in Antarctica's temperature, aligning with the
findings on global warming and conclusions drawn from previous literature reviewed in this study.
The plot also displays the mean temperature and its trend in three different regions. The result
suggests that the mean temperature of the west is much higher than that of the east, which may be
because of the radiation budget between the snow surface and the cloud, and also the altitude [16].
The trend of the monthly mean temperature is consistent with the basic temperature pattern in the
southern hemisphere, so this paper does not elaborate on this plot.

From this spatial temperature trend, it is showed that the overall temperature is upward, and the
most obvious parts is mainly in the edge of the Antarctic continental. On the whole of the east
Antarctica, the temperature trend is rising, this spatial graph shows the trend of the mean
temperature from 1980-2022 more directly.

ωi = cos(latitudei)

WeightSum = ∑(xiωi)

WeightAverage = ∑(xiωi)
∑ωi

r =
N(∑ xy) − (∑ x)(∑ y)

√[N(∑ x2) − (∑ x)2][N(∑ y2) − (∑ y)2]
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Figure 1. The distribution of temperature trend in Antarctica from 1980 to 2022

Figure 2. Mean temperature of East Antarctica, West Antarctica and whole Antarctica from 1980 to
2022

3.2. The factors that influence temperature

In the correlation table, the longwave (LW) shows the strongest positive correlation, while in the
other part of the radiation, the shortwave (SW) shows a negative correlation. The katabatic wind has
been proven to be the reason for the forcing of seasonal changes in surface pressure over Antarctica
[17]. So, this paper chooses the LW, SW, and air pressure to conduct the analysis.
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Figure 3. The correlation between variables

3.2.1. Radiation

This paper generates a plot of the all-sky annual radiation mean change from 2001-2022 using the
data from CERES. The plot shows the longwave and the shortwave present a downward trend. In
this plot, the longwave is declining mildly at a rate of 0.009W/    per year, while the shortwave is
rapidly declining at the rate of 0.08W/     per year. The source of the longwave is the earth's
surface and the atmosphere, and the shortwave mainly comes from the sun. C. Zhang and Li [18]
suggests that ozone depletion exposes the ocean to much shortwave radiation from the sun.

This paper also generates the spatial graph of radiation based on the same data from the CERES
(Figure 5). The graph of the shortwave shows a decline trend from the whole perspective which is
similar to the plot we generate while the interesting thing is the longwave shows a rising trend on
account of the most part of the spatial graph is red, and this result is totally different with the trend
plot showed above. The reason is really thought-provoking, this paper here speculates on the
mathematical difference in data processing.

m2

m2
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Figure 4. Change of annual mean radiation in East Antarctica from 2001 to 2022

Figure 5. The distribution of shortwave and longwave radiation trend in Antarctica from 2001 to
2023

3.2.2. Air pressure

This paper generates a plot of the Antarctica annual mean sea level pressure of land and sea area
from 2001-2022, using the data from ERA5. From the plot, the air pressure present a downward
trend. In this plot, the rate of the sea level is 0.74Pa per year while the rate on land is 4.3Pa per year.
In addition, the interannual rate on land is much higher, which means the interannual variation of air
pressure on land is much more extreme than that in the sea. The reason may be attributed to
katabatic wind caused by the topographic structure of the Antarctica continent [17].

From the spatial graph of the air pressure, it is show that the whole air pressure of the Antarctica
is declining as the temperature rising, both on the land and sea area. However, the plot generated
from the data of three station, respectively Amundsen Scott, Vostok, and Mawson in east Antarctica
shows that the air pressure is positive to the temperature.
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Figure 6. Mean Sea level pressure changes in sea area and land area

Figure 7. The trend of sea level pressure changes in Antarctica from 2001 to 2023

3.3. The correlation analysis

Both linear correlation analysis and nonlinear correlation analysis are included in the paper. This
paper uses Pearson Correlation Coefficient (    ) and Coefficient of Determination (    ) as the
methods of linear correlation analysis.

The figures below (figure 8 and figure 10) show the correlation between sea level pressure and
temperature. The Pearson Correlation Coefficient (   ) results calculated from the data of sea level
pressure in land area, sea area and East Antarctica area are 0.2846, -0.0799 and 0.2971 respectively.
From the results, there is a low correlation between sea level pressure and temperature.

The Pearson Correlation Coefficient of shortwave radiation and temperature is -0.3143, while the
longwave is 0.6396. It means that the longwave radiation has a positive correlation with
temperature, although it is not a strong correlation. And the result on correlation table can also prove
the correlation.

r R2

r
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Figure 8. The correlation between temperature and sea level pressure in land area, sea area and East
Antarctica

Figure 9. The correlation between temperature and Longwave and shortwave radiation
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Figure 10. The correlation table of temperature and sea level pressure of land area, sea area and East
Antarctica

Figure 11. The correlation table of temperature and longwave and shortwave radiation
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3.4. The significance test

Table 1. The result of significant test. A p-value of 0.05 or less represents a high confidence level

Variable name Trend P-Value Conclusion

Longwave (All Sky) 0.80674286 not statistically significant
Shortwave (All Sky) 0.00852615 statistically significant
Pressure (Sea Area) 0.34267202 not statistically significant

Pressure (Land Area) 0.06185942 not statistically significant
Pressure (East) 0.00233032 statistically significant

Temperature (East) 0.16885613 not statistically significant
Temperature (Whole) 0.10178369 not statistically significant
Temperature (West) 0.10918935 not statistically significant

According to the results of the significance test shown in table 1, different variables have
different statistical significance relating to time. Short-wave radiation and sea level pressure of East
Antarctica show significant long-term trends, while other variables (e.g., long-wave radiation,
pressure of sea area, pressure of land area, temperature of East, West and whole Antarctica) do not
show significant long-term changes. This suggests that changes in some meteorological variables
over time are statistically significant, while changes in others may be due to random variation.

4. Discussion and conclusion

The temperature has a slightly increasing trend in Antarctica. Among the different parts of
Antarctica, the temperature of East Antarctica increases the slowest, which is only 0.0048°C per
year.

As figure 3 has shown, many other factors affect temperature changes. This paper includes two
factors: radiation and pressure. The radiation is divided into longwave radiation and shortwave
radiation. Radiation and pressure all have a declining trend.

In the correlation analysis, the changing trend of most factors has almost no correlation with the
temperature trend, only the longwave radiation has a positive but not so strong correlation with the
temperature.

It is worth noting that in the correlation analysis, the longwave (LW) has positive correlation to
the temperature(T). However, the plots generated show a different trend that longwave radiation is
decreasing when the temperature trend is increasing. One possible reason is the data range of the
temperature starts from 1980 to 2022, while longwave radiation is recorded from 2001. Some
mechanisms may be related and affect each other, but that doesn't mean that this particular
mechanism governs the overall trend. So there may be a relationship in inter-annual variability, but
then the decadal change, the longer-term trends, may not be related. Also, it can be found in the
results of the significance test that the temperature data are all not statistically significant, which
means the response of temperature to the time changes is not significant and sensitive. Moreover,
there can be other reasons like the ocean circulation.

Katabatic wind is an important factor that influences air pressure changes. The continent's ice and
snow-covered land creates an unusual condition where near-surface air is cooler than the air above.
The near-surface cold air mass descends and the higher warm air mass rises, which makes the cold
air accumulate near the surface. This creates a fast flow of air down from a higher place like the
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edge of the Antarctic Plateau to a lower surface, which is called katabatic wind [16]. Parish and
Bromwich [19] found that katabatic wind can contribute to the decline of surface pressure as it
accelerates the mass transport and leads to the redistribution of air pressure during an incident of
four-day pressure decreasing in 1988.

This research finds the two factors: radiation and pressure, are not highly correlated with
temperature. The problem of how the various factors affecting temperature change in East Antarctica
still exist and needs more research that consider a broader range of influences in future, including
oceanic and atmospheric interactions.
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