
1. Introduction

Recently, Antarctica and Arctic have been providing
remarkable examples of rapid changes of the
environment (King, 2014). All of polar regions are
covered by snow or ice. Especially, sea ice cover affects
the regional climate and has an impact on global
climate (Allison, et al., 1993). Also Antarctica and
Arctic to appear to have contrasting trends of annual
sea ice from the existent satellite data; the whole
Antarctic sea ice extent (SIE) shows increase trend,
whereas in the Arctic appears to have the trend of
decrease in circumpolar (Stroeve et al., 2007; Cavalieri

and Parkinsuin, 2008; Simpkins et al., 2013).
Nevertheless, it has been only recent to quantitatively
analyze the amount of sea ice cover over the Arctic and
its relation to the climate change since the late the
twentieth century. Since passive-microwave satellite
images allow to monitor the ice from October 1978
(Comiso et al., 2008). So that we need to understand
how sea ice changes in polar regions for long-term
period and large-scale area. There are many factors for
detecting change of the sea ice. Generally used Sea Ice
Concentration (SIC) and ice albedo are generally used
to detect the change of sea ice. SIC is a ratio of the sea
ice present at a point over the ocean. That is an indicator
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that transmission of climatic change in high-latitude. It
is important that its boundary state for the accuracy of
atmospheric models (NCAR, 2013). Albedo is a ratio
of the reflected radiation from the terrestrial surface,
and it is an important factor affecting the radiation
budget and climate change (Schaaf, 2009). The albedo
is the highest in snow and ice than any other land types
on the Earth surface (Laine, 2008). Generally, albedo
values are changed by type or age of ice. Therefore,
trend or approximately estimation of sea ice is analyzed
using albedo. It means, variability of albedo is one of
the factors that detect the change of sea ice. This study
examines the relationship between SIC and sea ice
albedo, and we using the data based on satellite data
over 27 years (1983 to 2009). The study set out to (1)
analyze on correlation between SIC and surface albedo
during the study period, (2) to analyze on linear their
regression, and (3) to define the tendency of SIC
compared with sea ice albedo trend.

2. Data and Method

In this study, an analysis of the relationship between
SIC and sea ice albedo was performed on data from
1983 to 2009 from satellites over the ocean contiguous
to Antarctica. Ice products based on the satellite such
as SIC and SIE control Sea Surface Temperature (SST)
in high latitudes (Stark et al., 2007). Operational SST
and Sea Ice Analysis (OSTIA) system use SIC data
from Ocean and Sea Ice Satellite Application Facility
(OSI-SAF) (Donlon et al., 2012). The OSI-SAF in the
European Organisation for the Exploitation of
Meteorological Satellites (EUMETSAT) provides
Global SIC reprocessing dataset over a periods of 38
years (1978-2015). The dataset from passive
microwave sensors are on board of SMMR, SSM/I and
SSMIS. The SIC data has as percentage an unit. Its
projection is Lambert Azimuthal Equal Area (LAEA)
and spatial resolution is 12.5 km over Antarctic area

(OSI SAF, 2015). The Satellite Application Facility on
Climate Monitoring (CM SAF) in EUMETSAT
provides surface albedo as one of products which
include the CM SAF Cloud, Albedo, Radiation dataset,
AVHRR-based, and Edition 1 (CLARA-A1) over a
periods of 28 year (1982-2009). Surface albedo data
was composed by the Advanced Very High Resolution
radiometer (AVHRR) on National Oceanic and
Atmospheric Administration (NOAA). Its projection is
LAEA, spatial resolution is 0.25 degree over Antarctic
area, and temporal resolution is monthly. To observe
surface albedo, solar radiation is essential; thereby, the
data was collected near summer time due to polar
nights in Antarctica. For that reason, we chose the study
periods of 4 month (November to February) of each
year. In Cavalieri and Parkinson’s study (2008),
maximum extent of sea ice was observed in September,
where as the minimum occurred in February from 1979
to 2006. And we devide the months into 2 terms, Nov-
Dec (ND) and Jan-Feb (JF). According to Cavalieri and
Parkinson’s study (2008), we analyzed the two periods
(ND and JF) for observing the characteristic of SIE. We
detected the sea ice area (as sea ice cover). It was
detected a threshold method, that a general threshold is
set at least 15% of SIC upto 30%. In the study, we
selected a threshold of 30% for selecting the sea ice
with a certainty. Next, we analyzed the relationship
between SIC and sea ice albedo using a static method.

3. Results

A correlation coefficient is a quantitative value that
illustrates the statistical relationship between more than
two data. We calculated the correlation coefficient
between SIC and sea ice albedo from 1983 to 2009 over
the ocean adjacent to Antarctica. The extent of sea ice
at ND is broader than the extent of JF in the study area
(The boundary of shaded part of the Fig. 1 is the extent
of sea ice). Also, most of sea ice exists in Ross sea and
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Weddell sea in Jan-Feb as shown in Fig. 1 (R is Ross
sea, W is Weddlle sea). It is connected to Rignot et al.
(2008) that ice mass gains the ice mass in the area. Fig.
1 represents the spatial distribution of correlation
coefficients each period. All periods have a strong
positive correlation that if SIC gets higher values, sea
ice albedo trends will be positive. The trend shows the
same results as the previous study of Allsion et al.
(1993). Border of Antarctica shows a strong
relationship of SIC and sea ice albedo while boundary
of positive and negative trends of SIC in result of Liu
et al. (2004) shows a relatively low correlations.

Albedo has different values difference depending on
the types of snow and ice. According to Nicolaus
(2012), multi-year ice has higher short-wave albedo
than first-year ice. In addition, generally ice types such
as nilas, frost flower, slush, and first-year ice have a
characteristic that ice is thicker, the albedo value
increase (Zatko and Warren, 2015).
Fig. 2 shows a density plot of SIC and sea ice albedo

for identifying the distribution of values. A density plot
has advantageous to visually interpret the concentration
of values and it filters out the outliers such as errors
from retrieval and regional characteristics. In the plot,
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Fig. 1.  The spatial distribution of correlation coefficient between Sea ice concentration and Sea ice albedo from 1983 to 2009. Red in
the scale is a negative correlation and the blue is a positive correlation. W stands for Weddle sea and R stands for Ross sea.
Left figure describes the periods of Nov-Dec and right describes the periods of Jan-Feb.

Fig. 2.  Density plots of Sea ice concentration and Sea ice albedo: the period of Nov-Dec (left) and period of Jan-Feb (right), white
line is trend line.



horizontal axis represents the SIC, vertical axis
represents the sea ice albedo, and the shaded part is
count of the data. The graph shows predominantly
clustered over 90% of SIC and 70% of sea ice albedo
over 90% and 30% respectively. In addition, we
performed the linear regression between SIC and sea
ice albedo. They have high level of coefficients of
determination (R2), 0.8342 in ND and 0.8131 in JF.
We found high-level R2 between SIC and sea ice

albedo over the whole Antarctic ocean. We selected the
Ross sea to analyze time series due to its importance
referred by several previous studies. That area has
positive trend of sea ice coverage and season length
(King, 2014; Simpkins et al., 2013). Fig. 3 shows time
series of the SIC and sea ice albedo. Almost all of them
represent the SIC values are higher than sea ice albedo
(the result is the same as Fig. 2) and have stronger
positive trend since 2000. As a result, SIC and sea ice
albedo show the same time series and positive trend in
the area. Two factors are not only analogous value, but
also similar tendency in time series.

4. Concluding Remarks

We performed the correlation analysis on Sea ice
concentration and sea ice albedo. The results showed
that most of them have a strong positive correlation. It
is possible to estimate the ice thickness or ice types only
using the SIC data, due to albedo has the difference
values according to the ice characteries (Allsion et al.,
1993). In a period of ND, both SIC and sea ice albedo
are higher than JF. It means that mid-summer (JF)
absorbs more solar radiation and melts the sea ice. Also,
there is a high coefficient of determination between sea
ice concentration and sea ice albedo. In other words, if
we have either SIC or albedo data, it is possible to
estimate the other ice product such as SIE. Most of the
SIC data are retrieved using satellites with microwave
sensors. However, the microwave data is not available
for a long-term compared with the optical satellite data.
Therefore, this results represent the potential to estimate
sea ice products for a long-term and in a large-scale
using visible channel data.
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Fig. 3.  Time series of SIC and sea ice albedo in Ross sea during the study period, circle-line is sea ice albedo and line-triangle is
SIC: periods of Nov-Dec (a); periods of Jan-Feb(b).
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