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ABSTRACT

Many national and international agencies and organizations collect and provide open
access to data on parts of the Earth's surface covered by water. Data on ocean temperature
and acidity, precipitation, river flows, lake, sea, and groundwater levels, and many other
open data sets allow researchers to monitor and observe water at different scales and time
frames, and to better understand ecological processes and human impacts on the water
environment.

The main challenge in analyzing the vast amount of openly available data on seas, oceans,
and other parts of the Earth's surface covered by water is their heterogeneity and the
complexity of dynamic processes, which can be highly variable both spatially and
temporally. Effective visualization of such data on a map can help in the effort to make
mutual relationships obvious, to recognize the impacts of different actions, and model
and evaluate tradeoffs among possible solutions.

This paper explores the options available to cartographers for designing various thematic
representations of data related to the water-covered portions of the Earth's surface. Using
a set of openly available data, we demonstrate how choice of map projection, color
schema type, and color palette can influence the transfer of information related to ocean
health. In this process we examine the role of cartography in designing various thematic
representations of data related to parts of the Earth's surface covered by water.
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INTRODUCTION

Open data refers to data that anyone can freely access, use, modify, and share for any
purpose [1]. It is well known that they can stimulate economic growth and improve citizen
engagement, but recently they have also become a foundation of modern science,
enabling large-scale analysis and reproducibility [2]. Opening and sharing data has
therefore become an important part of scientific research and has led to the development
of the open science movement. Scientists around the world are encouraged to use open
data in their analyses and publish the results of their discoveries. Thanks to open data
initiatives, a large amount of data, including ocean data, is now available for wider use.
Ocean data are oceanographic hydrological data about tides, currents, waves, seabed
topography, salinity, and other ocean properties [3]. With modern technologies (e.g.,
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remote sensing) enabling faster and better ocean observations, more and more data on the
ocean is being produced [4]. But to use all this available ocean data, open data literacy
and ocean literacy are necessary. While ocean literacy is focusing on developing ocean-
literaterate society and enabling science to engage with policy and society on the topics
of ocean sustainability, observation, and research [5], open data literacy focuses on
developing skills needed to manipulate open ocean data. These include data discovery
and acquisition, data cleaning, and working with data in open data formats using common
open data tools and visualizations [6]. These two concepts together have accelerated the
spread of data visualizations, which often serve as a tool for a better understanding of a
vast amount of geospatial ocean data.

Powerful visualization of data on a map can clarify interrelationships, show the impact of
different measures, and encourage action. However, unlike official nautical charts, whose
cartography has been standardized through international mediation, the cartographic
framework for efficient representation of water-covered portions of the Earth's surface on
bathymetric and other thematic maps intended for the general public (i.e., users who have
no prior knowledge of using nautical charts and do not participate in oceanographic
research) is not documented in the existing literature. The main objective of this paper is
to investigate the options available to cartographers (e.g. the choice of map projection,
color schema type, and color palette) in the visualization of ocean data and to make
suggestions on the appropriate techniques for specific task. Using a set of openly available
data on ocean health, we will demonstrate how the selection of the different cartographic
techniques can affect the way information about the ocean is transmitted to the user of
the map. This will result with guidelines that can be used by ocean researches to present
ocean data in an effective and meaningful way.

MATERIALS & METHODS
Ocean Health Index Data

Ocean Health Index is a standardized, quantitative, transparent, and scalable measure that
observes how sustainable we are managing the ocean [7]. It was introduced in 2012 as a
mechanism to mitigate alterations to the ocean caused by human activities. The Index
comprises of 10 goals [7] which reflect on the benefits people want and need from the
ocean (e.g., food provision) and is limited to exclusive economic zones (EEZ). Each of
the 10 goals is scored based on the current status and likely future status with scores
ranging from 0 to 100 (0 — poor sustainable management, 100 — high sustainable
management of ocean resources). Likely future status is a combination of the status of
ocean health through the past — trend, and the ratio of pressures and resilience (resistance
of the environment to threats - pressures). Ocean Health Index data are released yearly
with the dataset for 2022 being published recently.

Cartographic techniques

The first step when designing a map is choosing the map projection. It is impossible to
represent a three-dimensional surface of Earth on a two-dimensional map without
distortions. Depending on the specific task, every projection has its advantages and
disadvantages, and its selection depends on the peculiarities and the nature of the data
that needs to be presented on the map.
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In the cartographic literature, cylindrical and pseudocylindrical map projections are
suggested as the appropriate choice for visualizations of ocean maps [8]. The main
problem with the cylindrical projection is the unsatisfactory representation of the extreme
northern and southern parts of the Pacific and Atlantic Oceans and the southern part of
the Indian Ocean, but this problem is somewhat reduced by the use of pseudocylindrical
projection [8]. When searching for projections used to represent the world's oceans in a
continuous way, it was found that the Mollweide and Goode-Homolosin projections (both
are equal area pseudocylindrical) are among the most commonly used for presenting
ocean. Also worth mentioning is the Spilhaus projection, which gained great popularity
in 2018 because it depicts oceans as a single body of water and makes it the main focus
[9]. In addition to map projection, an important part of data visualization is choosing the
right color scheme for data display. There are four main types of color schemes: binary,
qualitative, diverging, and sequential [10]. The choice of the right color scheme depends
on several factors; the type of data, whether there is a meaningful midpoint in the data
range, the existence of extreme values, the number of data categories, the message that
needs to be communicated, and more. In addition to the color scheme, the right selection
of color hue can also play a big role in data communication. Colors are considered an
important means of communication since they carry multiple meanings and affect
attention, emotions, beliefs and behaviours. [11]

RESULTS

Depending on the map projection choice, the user can perceive the visual representation
of the same data in a different way. As demonstrated in Figure 1, in the Mollweide
projection OHI 2022 data distribution is represented with discontinuity of ocean water
surface. In contrast, Goode Homolosine and Spilhaus (Figure 1b and 1c) have preserved
the wholeness of ocean water bodies.
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Figure 1 — Ocean Health Index 2022 visualized using different map projections.
In a) Mollweide oceans are discontinued, while in b) Goode Homolosine and
c) Spilhaus oceans have preserved the wholeness of ocean water bodies
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The choice of different color schemas used in the visualization of OHI 2022 data can
cause different interpretations of the same data. Sequential color schema (Figure 2a)
shows ocean health ranging from white to dark green. White color is associated with
lower values, while dark green relates to higher values but there is no intuitive linkage of
the score with activities related to ocean management. Diverging color schema (Figure
2b) presents ocean health with colors from red to blue (from lower to higher values) but
also gives the impression how the color is related to the human management of the ocean.
Qualitative schema (Figure 2¢) with random colors transmits no information of the
rankings in score values.
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Figure 2 — Application of different color shemas (a,b,c) and color palettes (A,B) in the
process of visualization of Ocean Health Index 2022 data

Color palettes also affect the way information is perceived. As seen in Figure 2A, ocean
health is presented in a red-green color pallet in contrast to Figure 2B where red-blue is
used. Colors are usually associated with certain anticipations so some color pallets are
more suited to the presentation of ocean health data.
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Finally, the Figure 3 demonstrates how on the same map, land-related data can be
presented in combination with ocean data to obtain a more informative view of ocean
health-related issues. Seafood production is presented using sequential schema in blue,
while fish consumption is visualized using the same schema type but in a yellow color
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Figure 3 — Visualization of how land related data can be presented in combination with
ocean related data to obtain more informative view on ocean health related issues

DISCUSSION

The presented results have demonstrated how a choice of map projection, color schema,
and color palette can influence the transfer of information related to ocean health. For
instance, although all proposed map projections are considered to be a suitable choice for
the representation of ocean surfaces, for this particular task some of them are more
suitable than others. Pseudocylindrical map projections, such as Mollweide’s, are often
used for small-scale world maps and since the health index is closely related to the cost
(continent), these projections might be the most appropriate solution.

Ocean health index score values range between 0 and 100. Although 0 means poor
sustainable management and 100 means good sustainable management of ocean resources
a score of 0 might also indicate not efficient ocean management which should be
interpreted as a negative human footprint. In this case, based on the nature of the
underlying data, a diverging color schema would be a better choice in comparison to a
sequential or qualitative scheme. Besides color schema, the choice of color pallet also
plays important role in the perception of information. The green colour is usually
associated with something good or healthy in contrast to red which indicates danger.
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Although the red-blue colour pallet is the one that is used on the official maps of Ocean
Health Index, the red-green pallet is more in line with the information transmitted.

As seen from the results (Figure 3), when more data must be visualized on a single map,
color schemes and pallets must be chosen carefully. As colors evoke emotions, yellow
and blue, colors associated with health and naturality, were chosen to present data on
seafood production and fish consumption. Fish production is presented in blue as this
color is also usually associated with water.

CONCLUSION

Opening the data has led to the broader use of ocean data for various research purposes
and allowed visualization of these data by a variety of users with different data
visualization skills. The scientists are encouraged to use this data as part of their research,
but when visualizing the data on the map some cartographic principles need to be
followed.

However, unlike official nautical charts, whose cartography has been standardized
through international mediation, the choices when designing thematic maps that represent
ocean health and other ocean-related thematic data rely on the personal choice of the map
producer (researcher). Depending on the type of data presented on a map, the choice of
cartographic techniques can impact the way information is transmitted. This process
usually requires good craft when it comes to data visualization in order to explain the data
in a way that is easy to understand, and does not misguide the user, which is why it is
important for researchers to have appropriate ocean data and open data literacy.

As seen from the results, the choice of the most suitable cartographic techniques depends
on the type and nature of underlying data. The selection of map projection, color scheme,
and color pallet are important choices that can increase or decrease the impact of the map
on end users. Therefore, although cartography can be appropriate means to understand
the vast amount of ocean data, the use of wrong cartographic techniques can lead to
misperception of the information and create confusion.
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