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Exploring spatial and temporal characteristics of current Antarctic mass change -
Independent Component Analysis based on satellite geodetic data and numerical

models -

The Antarctic ice sheet (AIS) is the largest water and thermal energy storage of the
Earth. AIS is keeping losing mass over the last few decades and has the potential for
accelerating melting, but its spatial and temporal change patterns are very complex
that have not been well understood. Mass change in AIS results from multiple physical
processes like surface mass balance, ice dynamics, and the respond of solid Earth.
Therefore, a statistical-based method named independent component analysis (ICA) is
applied as an analytical framework in this work, to provide a new perspective for
understanding the changing Antarctica.

This work qualitatively analyzes the spatial and temporal characteristics across
Antarctica over the past two decades via the ICA method which can extract independent
components from complex datasets, in an attempt to separate signals from different
physical sources and improve understanding of AIS mass balance. This study is mainly
based on satellite gravimetric observations from Gravity Recovery and Climate
Experiment (GRACE) and GRACE Follow-On (GRACE-FO) missions, supplemented by
satellite altimetry data from multiple missions. And combined with the numerical
models including Glacial Isostatic Adjustment (GIA) and Surface Mass Balance (SMB)
for examination.

Firstly, the six leading independent components from gravimetric data acquired during
the GRACE and GRACE-FO are extracted. The results reveal that the observed
continental-scale mass changes can be effectively separated into several spatial
patterns that may be dominated by different physical processes. Results suggest that
the overall mass changes in AIS are mainly the combination of long-term mass decrease
such as Amundsen Sea Sector and Wikes Land in Western Antarctica, mass increase of
Dronning Maud Land and Marie Byrd Land in Eastern Antarctica, and other periodic
components. Although the hidden independent physical processes cannot be completely
isolated, some significant signals, such as glacier melt, snow accumulation, periodic
climatic signals, and GIA effects, can be determined without introducing any external
information. GIA models are introduced to examine the separation results of
GRACE/GRACE-FO, and a very high spatial correlation was obtained by comparing the

spatial distribution between models.



The results above are further corroborated by altimetry data. The same analysis of ICA
is applied to resolution-reduced altimetry data for direct comparation with
GRACE/GRACE-FO results. The remarkable influence of glaciers and snow
accumulation could be determined by altimeter results as well, though altimeter
results exhibit more complexity in high-frequency and periodic components.
Comparable ICA results from two different datasets demonstrated that ICA
components are physically meaningful.

The mass change from GRECE/GRACE-FO observations, surface mass change derived
from the SMB model, and elevation changes from altimetry are compared for each AIS
drainage basin. Based on the differences between the three kinds of time series, all
basins can be divided into three groups that could be dominated by different physical
processes. Periodic components suggested by ICA results are also interpreted by the
regional comparisons, being linked with especially interannual climate signals.
Finally, some factors that influence ICA results are summarized for applying ICA in an
appropriate way. The information contained in the input data is found to have a
significant impact on results, while the form in which data is organized has barely any
impact. This is highly relevant when using datasets with different spatial resolutions.
Operations like filtering, resampling, and masking will be propagated to the results,
thus some pre-processing can be used to better separate the object of interest. And the
time period also has a direct impact on the ICA results, involving extreme events like
anomalously large snowfall events in the late 2000s, which may cause dramatic spatial
and temporal changes in the ICA results.

In addition, different ICA algorithms may be suitable for different data types. sICA is
suggested as the preferred option for geophysical data, where the number of spatial
samples is much larger than the number of temporal samples.

ICA provides a unique and informative approach to obtain a better understanding of
both AIS-scale mass changes and specific regional-scale spatiotemporal signal

variations.
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