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Abstract—As global temperatures rise, the affects glacier warming are becoming more and more important to understand.
Thorough data collection has been done in regions of glacier melting to study its effects. The three main pieces of data being
tracked is water’s temperature, depth, and salinity. Water that melts from the glacier and flows into the ocean has both a
significantly lower temperature that ocean water and also a lower salt content. To observe glacier melting’s affect on the ocean,
scientists observe how temperature and salinity changes as depth in water changes. However, there exists no meaningful
visualization to accomplish such a task. Scientists are currently using line graphs that observe this desired change for only one
specific location, not for an entire region. Furthermore there exists no tool to compare how salinity and temperature changes over
time, as glaciers continue to melt. This paper provides a meaningful tool to address these issues through use linked multiple views.

1. I NTRODUCTION
Glacier research has been at the forefront of environmental
research for the past few decades. The shrinking size of glaciers
worldwide are an accurate indicator of global warming. By
observing the melting ice, scientists can reveal fascinating
information about future sea level predictions.
David Holland, an NYU researcher and his team leads cutting
edge research in several parts of the earth, measuring temperature,
ice thickness, salinity and running numerical models to better
understand the interactions between glacier, ocean and fjord. In 2011
the team came up with a novel idea to measure different properties of
the water by tagging ctd trackers onto seals. Seals are capable of
swimming into places that are normally not reachable by scientists
and probes.
Holland’s team tagged 4 seals that year, which collected
information for a year until they shed their skin. The tags would
constantly make measurements of location, salinity, temperature,
depth and send off the data to a database through a satellite
connection whenever the seal emerged from the water. The previous
visualizations of the data, however, failed to provide a meaningful
overview of the results.
Our analysis tool will aid the scientist to find insights into how
the ice melting affects the ocean. The significance of the project lies
in the fact that the seals reach places that have never been measured
before and therefore could help make predictions more accurate. The
main obstacle in the visualization is the number of attributes that
need to be plotted at the same time. Through the visualization
humans are capable of drawing conclusions about the relation of
these properties, which is hard for a computer to do as the seals are
swimming into open oceans that create outliers that need to be
discarded and the seasonal change is also hard to account for
mathematically, but humans can easily estimate and see the overall
picture. Therefore this paper will provide three main contributions:
• System: We introduce a novel technique to visualize spatial,
temporal, and quantitative data that still allows for meaningful
comparison. This technique highlights the important changes and
presents them in a way that is easily understood.
• Scientific Contribution: We create a tool for scientists that
makes use of already gathered data that has no tool for evaluation.
This tool may allow them to make full use of their data and make
new discoveries in oceanography and the affects of glacier melting.
• Expansion on current visualizations: This paper expands on
current spiral graph visualizations scatter plot visualizations and
uses them in novel ways to convey more meaning.

2. R ELATED W ORK
As this task visualizes multivariate data and looks for patterns in
time and geographic location, previous work in visualizing timeoriented data and spacial data is examined. Furthermore, methods of
breaking down multivariate data into multiple types of visualizations
is also examined.

Fig. 1. Current visualization that’s graph is too congested and
lacks any means of obtaining an overall view.

2.1.

Conductivity, temperature, depth (CTD) analysis
and visualization
The ultimate goal of the paper is to find the optimal visualization
for CTD data that has been collected with tags put on the back of
seals. The visualization poses many challenges as we need to
visually encode CTD data, which are 3 quantitative attributes
already, and on top of that we need to add the location of the data
points and show how the data changes over time. We could not find
any paper that focuses on the most efficient visualization techniques
of CTD data, but many oceanography papers [11,12, 13] implicitly
created sections for that. These papers usually disregard the basic
design principles (i.e.encoding an interval with the rainbow
spectrum). They all struggle to encode the 3 quantitative attributes in
one graph. As Nobre [30] points out, spatial data exploration in
oceanography has often been restricted to multiple maps showing
various depths or time intervals. However, Herlemann [11] in one his
diagrams tries to encode salinity and oxygen content on the axis
while depth by the size of the dots on the scatterplot, which is a nice
try, but is not very intuitive. We’ll have to find a better way since we
also have to take into account the timeliness and spatiality of our
data. What makes Herlemann [11] stand out from other authors is his

use of different channels. In another graph he uses position, color
and size to create an efficient representation of salinity, depth,
distance from starting point, bacterial abundance and categorical
data.
From reading through the literature on oceanography it is clear
that not many scientists had time to consciously think about efficient
visualization techniques of multidimensional data.
2.2.
Spatial Data Visualization
Spatial data visualization has been one of the oldest and most
looked at method, however, still in areas like multivariate spatial
data, progress has not been great. Yixian [15] summed up the types
of location-based visualizations. Point represented locations are the
most intuitive and direct representation. However, connecting them
to show movement makes the graphics cluttered. As Ropinski [22]
points out using continuous lines or line sets helps pushing the limits
of the number of visualizable points. Region based visualizations
come in handy when the number of data points becomes too large as
they are used to show aggregated information. Examples of such are
flow maps and heatmaps. Line based visualizations can also come in
handy and many techniques such as line bundling exist to make the
visuals less cluttered. When it comes to multivariate data, many
scientists use 3D maps, but that creates many issues of clarity and
bias. Other techniques include pixel-based and geometric projection.
The most promising technique is the glyph based visualization.
While Winnie Wing-Yi Chan [18] says that these visualizations
get very cluttered as the size of the data increases, I still think it is a
viable solution. As Ropinski[20] said glyphs can both support
preattentive and attentive processing, which is exactly what we need.
The design of glyphs can make use of many different visual channels
such as shape, colour, texture, size, orientation, aspect ratio or
curvature, enabling the depiction of multi-dimensional data attributes
as Borgo[21] also realized. Meanwhile, glyphs are also capable of
representing clusters of data. He lists many aspects of creating
efficient glyphs (attention balance, visual orderability, channel
capacity, separability, etc.).
Brownian bridges [25 18, 19] may be used to the expected
movement path of an animal and map an estimate of the animal's
probability of occurrence in a given area. A Brownian bridge is a
continuous-time stochastic model of movement. It is reliant on an
animal’s starting and ending location, elapsed time between those
points, and the speed of movement. The brownian bridge excels at
modeling movement and occurrence probability, but is suited for
short time intervals. This would be very unsuited for this project, as
it tracks movement through the year and seeks to find patterns
between years.
2.3.

Time-oriented, Multivariate Visualization and
Interactivity
The challenge of visualizing multivariate data against time
is consolidating all the data into a visualization that is informative
and meaningful yet clean and digestible. Healey [1], in his study on
real-time multivariate visualization, defines a well designed real-time
multivariate visualization. In addition to being able to visualize data
in real-time, which for this paper we do not concentrate on,
visualizations are to be visualized on a two-dimensional screen, be
rapidly intelligible to users, often catering to pre-attentive
processing, and be accurate in representing the investigated
relationships.
Ainger [2] claims that to visualize time-oriented
multivariate data, a single visualization does not suffice. A simple
and singular framework, he claims, cannot justly encapsulate all the
data needed to be visualized. Therefore visualizations must either
include multiple views or interaction for the visualization to be
effective. The goal of multiple views is to provide certain views that
primary focus on certain aspects. The goal of interaction is to
provide intuitive exploration of the data, not navigation of time.

Designers must also be wary not to overload users with too much
functionality, thus making the visualization more difficult to
perceive. Buja [6, 26] uses linking and focusing in addition to
multiple views to solve the issue of visual overload found in singular
visualizations. Linking multiple views through a common variable
such as time provides context for the views. In visualizing tidal
levels, Buja links a time series tidal level plot with a lag plot through
the common variable time. Focusing is achieved by panning and
zooming on the graphs. These interactions allow viewers to isolate
their focus and maintain context at the same time. However these
multiple view visualizations do not cater much to pre-attentive
processing and require a thorough amount of attention and searching
to understand.
Many visualizations [4, 5, 15] such as the Time Wheel,
Theme River, and Parallel Coordinate accomplish the task of
visualizing in a two dimensional space and being rapidly intelligible,
but do not focus on the relationships this paper is seeking. The nature
of studying oceanic data points this paper to seek a visualization for
cyclic data, whereas the mentioned visualizations best cater to lineartime data. Weber [7] proposes the spiral graph to support the need for
comparison of cyclic data. Not only can spiral graphs support a very
large data set, they can support multivariate data by means of hue,
thickness, use of icons, and can support informative scales for
absolute comparison. The downfall of Weber’s visualization,
however, is that he proposes a 3D model of a spiral graph to support
interactive browsing. Once brought into the third dimension, the
spiral graph’s power of comparison is greatly diminished and also
may not be as easily digestible as the 2D counterpart. It’s only
benefit is its ease of exploration. Very similar visualizations such as
Kaleidomaps [28] or Circle Segments [10] maintain the same overall
structure as spiral graphs but divide the spiral into regions to function
as separate graphs. These method still maintains a good level of
comparison between regions.
From reading through the literature on oceanography it is clear
that not many scientists had time to consciously think about efficient
visualization techniques of multidimensional data.
3. V ISUALIZATION D ESIGN
The goal of the visualization is to visualize both spatial and
temporal data along with two other quantitative attributes:
temperature and salinity. The visualization also seeks to give the
option of filtering for certain geographical regions or periods of time
so that specific patterns can be more easily identified and outliers can
be easily discarded. To do this, the visualization incorporates four
different views that are all connected.
This visualization choses to use multiple views as opposed to an a
multivariate visualization so that the ability to perceive relationships
is not lost in the visualization. It is also to provide an intuitive
visualization of the data.
The map view maps the data points collected from seals onto a
geographic map of the ice fjord. It does not connect data points to
show the seal’s path because doing so congests the map and makes
the user unable to gather any information. The map clusters data
points the more zoomed out the map is, and gradually un-clusters the
data points as the user zooms in. Users may select an area of the map
to examine data only for that specific area. Users also select two
points to serve as a distance axis when examining the data selected
within the area.
The individual data view will display the traditional and currently
used method for visualizing salinity, temperature and depth. Depth is
plotted along the y-axis, salinity is plotted along the top x-axis, and
temperature is plotted along the bottom x-axis. Two lines are plotted,
one to show the Temperature vs. Depth relationship and the other to
show the Salinity vs Depth relationship.
The scatter plot view provides an aggregated cross-section view
of the data selected on the map, plotting the distance between the two
selected points on the map on the x-axis and depth on the y-axis.
Each data point’s coordinates are passed through a function that

returns the point’s distance from the two selected points on the map.
This new distance value is plotted on the scatter plot’s x-axis. The
data points are plotted as dots that show each point’s temperature and
salinity. The dot’s size encodes the point’s salinity value and the
dot’s hue and saturation will encode the point’s temperature. Points
with high salinity will have larger sized dots while points with low
salinity are visualized as smaller dots. This is a very intuitive design
because the user can easily assimilate a larger dot with a greater
mass and higher salinity. Likewise, a smaller dot visually aligns with
the point’s low mass and low salinity. Color is also very intuitive and
universally understood encoding for temperature, so it is easily
understood that the more blue hue colors are cooler than the more
orange hue colors.
Because the scatter plot shows a cross section of the ice fjord, the
user is able to visually see abnormalities in the water due to the
melting fjord. Users can see how the basic physics principle that
warm water rises and cold water sinks is disrupted by the water’s
salinity. Water with high salinity will have a greater mass and thus
sink, while water with low salinity will rise. The decision to visualize
a cross section of the water easily and intuitively displays this
relationship.

Fig. 3. Spiral graph of temperature for years 2012-2016
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