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Developing polar data-cylinders to map
spatiotemporal changes in Arctic sea ice

Danai-Maria Kontou

ABSTRACT
Complex ecosystems characterize the Arctic Region, which experiences rapid environmental changes due
to climate change. These changes are happening spatially as much as temporally. Spatiotemporal
interactive three-dimensional visualization of environmental phenomena is eye-catching, while creating
the foundations for the rapid understanding of Arctic complexity. The Arctic is a circumpolar region;
cylinders seem suitable visual media for related data. In this case study, the visualization of anomalies of
the sea ice illustrates abnormal changes, helping the viewer/user to focus on that filtered information
rather than becoming lost in a multitude of information. A holistic view of dynamic environmental
changes in a stand-alone visual could impact the quick understanding, response and policymaking
regarding the visualized phenomena.
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INTRODUCTION

This research explores and develops a stand-alone spatiotemporal three-dimensional (3D) visu-
alization to represent the extreme anomalies of Arctic sea ice. The visualization of spatiotem-
poral phenomena had been proposed in the early 1970s by Hagerstrand who placed the
fundamentals of representation of time and space into a single visual in cubic form (Bach
et al., 2014; Lenntorp 1999). Since then, data cubes have been proposed for regional or global
geographical data visualization (Mahecha et al., 2020). The Arctic Region is defined as a circu-
lar region; therefore, a cubical shape seems unsuitable.

The Arctic has been described in the relevant literature as a region of unique, isolated and
fragile ecosystems (Kinnard et al., 2011). The sea ice in the Polar Regions influences global cli-
mate due to its bright surface (Qu & Hall, 2007). Furthermore, it is expected that higher temp-
eratures can cause anomalies in vegetation production, both greening and browning (Miles &
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Esau, 2016). Additionally, interannual changes in sea ice concentration are likely to be linked to
temperature and terrestrial vegetation changes (Bhatt et al., 2010). Therefore, it is essential to
understand the complexity of the Arctic environment by taking individual environmental
phenomena one at a time; in this study, the sea ice.

The context of the ‘data-cylinders’ includes the visualization of changes in climatic and phys-
ical phenomena in the form of time series. ‘Space’ in this scenario is placed across cycles, while
‘time’ is given along the height of the cylinder. The ability of such interactive 3D visuals to
rapidly relay complex monthly information over many years aims to support awareness of the
viewer/user regarding interannual changes to the sea ice.

In the Arctic data cylinder (Figure 1), red represents negative anomalies in sea ice concen-
tration; blue represents the positive anomalies. At the bottom of the cylinder is a map of the
Arctic Region coloured in grey. Additionally, at the side of the cylinder there is a timeline
that indicates the approximate period on the cylinder along the time axis.

DATA

Sea ice concentration is the fraction of the ocean area covered by sea ice, the values of which are
presented as a real percentage (0–100%). The data used for sea ice processing and analysis are
derived from the European Space Agency (ESA) archives: Sea Ice Concentration (SIC) (Tou-
dal Pedersen et al., 2017). Level 4 processed data are derived from a medium-resolution passive
microwave satellite data source from the Advanced Microwave Scanning Radiometer series
(AMSR-E and AMSR-2).

METHODS AND DEVELOPMENT

First, the data were collected and processed in R; the 168 raster layers were formed into a raster
brick. Subsequently, a time-series analysis was completed, followed by a calculation of the

Figure 1. Arctic sea-ice cylinder.
Source: Author.
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anomalies. Anomalies were computed as a difference of the absolute values from the mean
monthly ones. Following the preparation and processing of data, the next step was the develop-
ment of data cylinders. The main package used was the ‘RGL’, a package of 3D real-time
rendering systems for R, providing functions for 3D interactive graphics.

To allow the data to be readable for the required function, they are converted into a data
frame. The extreme anomalies were then extracted into separated data frames for the positive
and negative anomalies. To implement the ‘plot3D’ function in the creation of data cylinders,
the dimensions used were latitude, longitude and time. The choice of the colours was made with
the help of the ‘colorbrewer’ application (Brewer &Harrower, 2021), and the colour pallets used
are colour-blind friendly.

CONCLUSIONS

The concept of the Polar data cylinders is proposed as an alternative spatiotemporal 3D inter-
active visual that has allowances beyond data cubes and fits perfectly in the circumpolar Arctic
Region. The innovative shape of time–space visualization serves as an eye-catching map-like
visual and builds a deeper understanding due to its regional focus. The ability to present com-
plex polar spatial phenomena, such as sea ice over a long period, in a stand-alone visual is a chal-
lenge that appears to be addressed by the Polar data cylinders. Furthermore, a holistic
representation of such environmental phenomena through time and space allows for quick
responses and decision-making.
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