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Abstract: Climate change has resulted in the need for adaptation tools to provide stakeholders
with the ability to respond to a broad range of potential impacts. Geovisualizations serve as
powerful engagement tools due to their capacity in communicating complex climate data to various
audiences. Studies have also shown a preference towards conveying climate data through geo-visual
representations, to quickly present ideas rooted in geographical challenges and solutions. However,
a rapid pace of technological advancements has paved the way for an abundance of geovisualization
products that have eclipsed the necessary theoretical inquiry and knowledge required to establish
effective visualization principles. This study addresses this research gap through a two-step process of
(1) conducting a thorough review of the geovisualization for climate change literature, and (2) creating
a conceptual framework that classifies existing geovisualization products into themes relating to
visualization features, audiences, and the intended outcome or purpose of the visualization medium.
The result is the Climate Visualizations for Adaptation Products (CVAP) framework, a tool for
researchers and practitioners to use as a decision support system to discern an appropriate type of
geovisualization product to implement within a specific use case or audience. Visualizations with
more interactivity were favoured among expert user groups, to act as tools for knowledge discovery.
This is contrary to the visualizations intended for communicating a known message to a user group,
as those products often had a low level of interactivity associated with their use.

Keywords: geovisualization; climate visualization; climate adaptation; adaptation planning; public
engagement; spatial decision support system (SDSS)

1. Introduction

Climate change has resulted in the need for adaptation tools to provide stakeholders with the ability
to respond to a broad range of potential impacts [1]. The field of geovisualization has demonstrated
the potential for providing cutting-edge tools for communicating scientific data on climate change and
climate adaptation measures in use cases, such as engaging people with future climate scenarios [2],
sea-level rise or flooding [3], and urban flood risk management [1]. Geovisualizations serve as powerful
engagement tools due to their capacity in communicating complex climate data to layperson audiences
and other stakeholders outside of the academic sector [4]. Studies have shown a preference towards
conveying climate data through geo-visual representations, to quickly present ideas which are rooted
in geographical challenges and solutions [5]. Furthermore, employing geovisualizations to convey the
multi-faceted nature of spatially-explicit data has been observed as an effective method for engaging
different audiences with both complex and unfamiliar datasets or information [6].

Scientists have been developing digital data archives since the 1940s with the emergence of
electronic computers [7]. The rise of the digital data format has transformed research procedures by
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offering facilitation of rapid data transfer and sharing of information. This rapid pace of technological
advancements has paved the way for an abundance of easily accessible geovisualization products
that were previously only available to industry experts and professionals. Over several decades,
geovisualizations have evolved into highly realistic, interactive (and in some cases immersive) digital
environments that allow for greater data exploration capabilities and new knowledge discovery [8,9].
However, the expedited rate of geovisualization production and development has eclipsed the necessary
theoretical inquiry and knowledge required to establish effective visualization principles [10,11].

The term “geovisualization” can refer to a broad range of visual representations of geographical
features, trends, and phenomena [8]. It is used here to describe a device or a visual medium to digitally
convey geographically accurate information or data to a user [12,13]. The topic of geovisualization
pertains to the interdisciplinary field of research that is situated at the intersection of geography,
visualization, computer science, communication, and cartography. This definition follows the work of
Maceachren and Kraak [14], who state that “all mapping can be considered a kind of visualization . . .
in the sense of making visible”. The word geovisualization implies a topic involving data which
contains a spatial component or geographical significance, combined with visual cues or stimuli that
are implemented in order to communicate a message.

Geovisualizations have been found useful for presenting and communicating spatial ideas
that are rooted in geographical challenges and solutions. These tools have been found especially
useful for enabling assessment and understanding of issues or changes to a real-world environment
among diverse users due to their ability to connect with people’s sense of place and space [15].
Accordingly, geovisualizations have demonstrated promise as useful tools for applications such as
land-use planning [12], property damage risk assessment [16], urban planning decision-making [17],
sea level rise issues [18], flood risk management [19], and wildfire hazard exposure [5]. Yet, although
geovisualizations have shown promise for supporting climate adaptation practices, challenges still
remain in applying this research in real world circumstances. There is a tremendous diversity of
what is considered to be a “geovisualization tool”, as well as the intended users and/or audiences for
these tools. Due to the varied nature of the geovisualizations and a lack of systematic and empirical
evaluations [12], it is often possible to encounter contradicting results regarding the most appropriate
geovisualization to implement within a certain use-case, towards a target audience, or an intended
purpose. For example, it is often believed that products with higher interactivity imply greater user
information processing [4]; however, high interactivity can have be advantageous or disadvantageous
for information uptake depending on factors such as the complexity of the data and user-friendliness
of the interface [20,21] and the specific formula and approach for creating optimal communication
tools have yet been entirely determined [8].

Research that assesses performance of spatial data infrastructure suggests that the selection
of geovisualization tools needs to use indicators related to access, use, and sharing of spatial data,
and these include efficiency and quality, flexibility and innovation, and transparency and reliability [22].
While such indicators may help some developers and users of these tools be more informed during the
tool selection process, there remains a need for a framework that contextualizes the diversity, types,
and the applications of geovisualizations in order to improve knowledge and gain a comprehensive
perception on suitable approaches for using visual tools in climate adaption efforts.

This study addresses this research gap by creating a conceptual framework that classifies existing
geovisualization products into themes relating to visualization features, audiences, and the intended
outcome or purpose of the visualization medium. The result of this work is the Climate Visualizations
for Adaptation Products (CVAP) framework, which is a tool for researchers and practitioners to be
used as a decision tree or a decision support system to discern the type of geovisualization product
that is most appropriate to implement within a specific use case or audience. The following section
presents the methods used in this research, namely a structured literature review use to develop, test,
refine, and finalize the CVAP framework. Then, the paper presents the finalized version of CVAP,
and it discusses how the framework can be applied to increase the comprehension of a geovisualization
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product. Finally, the paper discusses what CVAP has revealed about how geovisualizations can be
used for climate adaption planning in different contexts, and it concludes with recommendations for
further research. The overall goal of the framework is for it to be used as a tool for researchers and
practitioners to use as a decision support system to discern an appropriate type of geovisualization
product to implement within a specific use case or audience.

2. Materials and Methods

This research follows a two-stage process. First, a structured literature review was employed
that examines the work related to the topics of visualization and geovisualization, climate adaptation
strategies, and public and stakeholder engagement. Second, the literature review was then used
to inform the qualitative development of a framework for classifying geovisualizations, referred to
here as the Climate Visualizations for Adaptation Products (CVAP) framework. This translated
into a 3D cube that provides a means for organizing visualizations along axes in terms of types,
application, and intended audience for the tools, similar in its manner to MacEachren and Kraak [14]
and Bohman et al. [16]. Initial versions of the framework were created and subsequently tested by
populating them with geovisualization products that were developed and examined in previous
research. CVAP was refined after several iterations of this process by evaluating its effectiveness at
representing the various considerations that go into selecting and using geovisualization tools. Figure 1
illustrates the workflow pipeline of the steps involved in this research, and these are described in
further detail in the subsequent sections.
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2.1. Literature Review of Existing Geovisualization Frameworks

A structured literature review was performed between May and August, 2019 of frameworks
pertaining to the topics of geovisualization, climate adaptation planning, and/or public and stakeholder
engagement. These three topics were used to structure the literature review, as they all relate to the
necessity of developing effective planning tools for climate adaptation. These topics together are
consistently identified in the academic literature when examining research focused on managing
solutions for mitigating climate change risks. This is a challenge as stakeholders, researchers,
and members of the general public often have different perceptions of the most appropriate measures
to implement in order to prepare for the potential impacts of climate change. The literature review
was framed by searching multiple university search engines (e.g., Web of Science) and Google using
the following keywords: geovisualization, visualization, climate framework, climate change, climate
adaptation, public engagement, landscape planning, geographic information systems (GIS), landscape
adaptation, landscape visualization, spatial decision support system, and risk mitigation. These were
selected based on their relevance to the aspect of visually communicating or presenting geospatial data
in an appropriate manner or format to a user.

The process entailed evaluating existing frameworks to extract relevant and meaningful aspects
of the research, which were subsequently used to create CVAP.

2.2. Development of CVAP

The CVAP cube is a visual framework developed for understanding different types and applications
of geovisualizations for climate adaptation. The included axes were derived from recurrent and salient
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themes such as amount of interactivity [6,12,13,16], realism [9,13,23], and level of risk [4,6,12,13,22,24]
associated with the type of impact resulting from the decision-making process. A cube shape was
chosen for the framework representation because of its capacity to represent the interaction of three
axes and thusly provide interconnected considerations on how climate change visualizations are
developed and used.

The design of the CVAP framework was informed by previous work on visualization concepts
and best practices such as the amount interactivity available to a user [4], the level of abstraction
versus realism depicted [2], communicating potential risk [25], and the general objective of
geovisualizations as tools that represent geographical information [14,16]. Populating the CVAP
cube was achieved by reviewing literature that analyzed or evaluated existing geovisualizations.
The geovisualizations that were included in CVAP are represented as spheres inside the dimensions of
the cube. Each geovisualization product was analyzed, with special focus directed towards the amount
of interactivity, risk, and realism associated with the geovisualization. They were then compared
amongst themselves, and during this stage each visualization product was assigned a relative value
of “Lower” or “Higher” based on the amount of interactivity, risk, and realism associated with the
geovisualization. This was a relative comparison performed amongst only the geovisualizations
included in CVAP. This process resulted in the formation of clusters which capture geovisualizations
with similar qualities. Finally, the applicability of the cube was evaluated by examining whether the
included geovisualization products fit into relevant categories based on the intended purpose they
achieved and an appropriate type of audience for which the visualizations are suited. This stage
indicated whether the chosen parameters for the model were indeed appropriately selected.

3. Results

3.1. Literature Review Findings

The results of the literature review that contributed to the development of CVAP are summarized in
Table 1, organized by the review of the important and shared characteristics between geovisualization,
climate adaptation planning, and public and stakeholder engagement. For the purpose of this study,
risk refers to the type of decision being made for which a geovizualization is employed. A high rating of
risk refers to a scenario in which geovisualization tools are used to support decision-making associated
with significant implications towards the well-being of communities (and human life), environmental
systems, or public infrastructure. A lower risk rating implies a scenario in which the tool is used for
decisions that have a less significant impact on property loss or do not pose a great hazard to someone’s
safety. A higher amount of interactivity implies that users are able to choose options such as varying
zoom levels, active data layer visibility, and panning and navigating imagery. Products with lower
interactivity include visualizations like conventional maps and other static imagery. The final axis
included in the CVAP cube is a rating of realism, which refers to whether the visualization presents the
spatial information in an abstract, or highly realistic, form.

Table 1. Summary of research used in formation of the CVAP framework.

Source Theme/Contribution Description Audience

Grainger et al. (2016) Interactivity A high level of interactivity increases
scientific information uptake

Academia and
Laypersons

Bishop et al. (2013) Abstraction vs Realism Amount of realism can impact level of
communication Decision makers

Glaas et al. (2017) Risk Communicate magnitude of potential
damage Homeowners and Public

Bohman et al. (2015);
Maceachren and Kraak (1997) Map Use Cube Characterizes geovisualization objectives Academia

Robinson, L. (2002) Community Involvement Classification of engagement processes General public and
government agencies
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The Map Use Cube (MUC) created by Maceachren and Kraak [14] and further refined by
Bohman et al. [16] provided a basis for structuring a representation of a geovisualization framework
and classification tool. The MUC is two decades old and thus may not be entirely relevant to current
technological capabilities. CVAP assumes the same shape as the MUC and shares a common axis
(interactivity); the remaining parameters have been adapted from the other research listed in Table 1.

Grainger et al. [4] developed a design framework for facilitating effective communication of
scientists and researchers with individuals outside of academic and scientific sectors. They found
that the maximum amount of information uptake with regard to climate data occurs within a highly
interactive visualization environment. Their work informed the development of the CVAP framework
by providing insight on the role of interactivity in developing effective types of geovisualizations for
communicating climate data across many disciplines.

Bishop et al. [2] evaluated several climate change visualization products that were focused on a
coastal region in Southwestern Australia. The geovisualizations ranged from static, low risk scenarios
that imply low to non-existent risk of life loss, property damage, or serious environmental consequences,
all the way to interactive, realistic, and high consequential visualizations, that represent situations and
decisions with severe environmental consequences, public infrastructure damage and risk of human
life loss. This work provides a consensus that geovisualizations aid in communicating information,
with an integral component consisting of evaluating the degree to which a geovisualization was able
to achieve effective communication of data to a user. Although they did not compare the techniques
to one another in order to state one type is “better” than the other, their work demonstrated that the
range of realism (or abstraction) present in the geovisualizations can influence how people engage
with and use the tools.

Glaas et al. [25] focused on the ability visualizations have for influencing Nordic homeowners’
perception of the risks (and extent thereof) to which their houses are susceptible to hazards brought
on by climate change. This message is necessary to convey to homeowners as they are significant
stakeholders within the realm of climate adaptation with regard to fortifying their homes from
inclement climatic events. Most importantly, a lack of risk perception possessed by the residents can
hinder their climate adaptation strategies. A salient theme within this work centered on risk, and the
impacts this can have on reactions toward and levels of understanding of climate change. Therefore,
risk was chosen as one of the factors in CVAP.

Robinson [26] provided a framework for understanding different approaches to community
engagement in their work on waste management planning and decision-making in Western Australia.
This work is relevant to CVAP as the research revolves around the importance of public participation
in environmental decision-making. Robinson [26] compared the inherent risk of a situation with the
complexity of information presented to the audience, to visualize various public engagement methods.
In addition, they created themes that classified the different engagement methods within the Community
Involvement Matrix: inform, consult, involve, and partner, and these are used in this research as a lens
for interpreting the results of this study and CVAP application (see Section 4. Discussion).

3.2. The CVAP Framework

Based on the literature review, the properties defined for the CVAP framework were: risk [3,27,28],
realism [1,2,13], and interactivity [1,4,10,12,16]. These properties have been found to have effects on the
overall impression or purpose of a particular geovisualization product as based on research; however,
previous studies have not yet considered all three of these characteristics together in concert. The three
aforementioned parameters of interactivity, realism, and risk comprise the axes of CVAP (Figure 2).
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In this research, traditional 2D maps were considered as abstract geovisualizations since they do
not provide the necessary details for the user to feel immersed (i.e., as if they are actually present in the
depicted place). Visualizations were classified as highly realistic when they contained elements that
accurately represented real-world objects and entities and contributed to user impressions that they
were viewing a scene or scenario as it would be in real life.

3.3. Applying CVAP

Studies that contributed to the testing and refinement of the CVAP process are listed in Table 2
and organized by the themes of the review topics. The thematic relevance of each project identifies
how the work contributed to the formation of CVAP. The geovisualizations included in the newly
developed framework all contained a user evaluation and/or usability testing component with regard
to achieving a specific objective and use case, or targeting a distinct audience. Some rows included
in the table represent multiple geovisualization products comprised in the CVAP framework, as the
specified research analyzed more than one version or type of geovisualization (e.g., Bishop et al. [2];
Schroth et al., 2015). Products were ranked relative to one another along the three axes and were
assessed on binary scales consisting of either a lower or higher rating for each of the chosen parameters.
In ranking them relative to one another, decisions were made as to where the authors concluded,
based on their prior expertise, the products aligned along the axes. This process resulted in the
organization of geovisualizations into clusters or groups with similarities in terms of the features of the
tools and how they are used.
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Table 2. Research used to test and refine the CVAP framework.

Source Geovisualization Climate
Adaptation

Public
Engagement

Relevance to
Framework

Glaas et al. (2017) VisAdapt Product
Integration of

climate scenarios
and local risk maps

Adaptive capacity
for homeowners

Risk,
Interactivity,

Realistic visuals,

Lovett et al. (2015) 3D landscape
visualization

Future landscape
changes

Stakeholder
involvement

Level of realism in
3D visuals

Bohman et al. (2015) VisAdapt and
ViewExposed

Nordic climate
change property

risks

Urban planners
and decision

makers,
homeowners and
insurance brokers

Risk assessment,
Public

decision-making,
Geovisualization

Bishop et al. (2012)
Victorian Climate

Change Adaptation
Program (VCCAP)

Climate change
predictions

Policy and decision
makers, extension
staff, researchers

Visualizing
expected climate

change,
Risk

Sheppard et al. (2011)
Local Climate

Change Visioning
Project (LCCVP)

Change effects at
local (community)

level

Public debate on
climate change

Climate adaptation,
Realistic visuals

Pettit et al. (2011)
Lower Murray

Landscape Futures
(LMLF)

Communicating
landscape futures

Environmental
managers,
planners,

and university
students

Interactivity,
Realism

Lieske D.J. (2015)
Community

Adaptation Viewer
(CAV)

Spatial decision
support system to

assist in adaptation
planning

Community
stakeholders

Risk,
Interactivity

Romañach et al. (2014) EverVIEW Data
Viewer

Everglades
restoration

National and
International

planning

Coastal
environment Risk

reduction,
Community
involvement

Tress and Tress (2003) Photorealistic
Visualization

Rural land use
planning

Participatory
planning Realistic visuals

Stephens et al. (2015) Sea Level Rise
Viewer

Hurricane risk
communication

Stakeholders and
Resource managers Risk

Poco et al. (2014) SimilarityExplorer Tool for analysis of
climate data Climate scientists Data interaction

Li et al. (2011) Web based GIS for
sea ice archives Sea ice monitoring Ease of access and

data dissemination
Interactivity,

data exploration

Kinkeldey et al. (2015) Land cover change
analysis tool

Future land cover
change scenarios Experts Risk and

Uncertainty

Macchione et al. (2019) 3D urban flood
inundation maps Sea level rise

Engage public,
stakeholders,

and engineers with
flood hazards

Realistic visuals,
Risk,

Interactivity

Schroth et al. (2015)
Kimberley Climate
Adaptation Project

(KCAP)

Mountain pine
beetle impacts and
flood susceptibility

Community
awareness and
participation

Interactivity,
Risk

Johansson et al. (2010) WorldView
Representation of

climate change
related issues

Public involvement
Realistic visuals,

Interactivity,
Risk

Clustering can be found in the corners of the CVAP (Figure 3), as these areas represent the
higher/lower polarization of geovisualization characteristics captured through the axes. The left-most
corner on the bottom plane of the cube is the only junction where all three parameters are defined as
lower. The remaining three corners on the bottom of the plane of the cube all share the same lower
rating of interactivity present within the geovisualization. As we move up along the interactivity
axis towards the topmost plane, there are increases in the degree to which users can interact with the
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geovisualization tool for engaging in data exploration. An increased value on the risk axis implies an
increase in the risk rating of a visualization (i.e., consequences that may result in loss of human life,
severe public infrastructure damage, and/or large-scale environmental impacts), and all the products
that are nearest the right most, front facing plane of the cube share the increased rating of a higher risk
implication. Finally, as we move along the realism axis towards the back of the cube, the visualizations
with increased realism are situated along the rear plane. This implies that the examples located in
the foreground of the cube are visualizations that exhibit abstract characteristics and are therefore
considered to be less realistic. The visualizations that are considered abstract may display data in
formats such as tables, graphs, and two dimensional (vector and/or raster) maps. This is contrary
to realistic geovisualizations, which attempt to provide the highest level of authenticity through
convincing imagery such as three-dimensional rendering or visualizations containing a high level of
detail (i.e., sounds and textures).ISPRS Int. J. Geo-Inf. 2020, 9, x FOR PEER REVIEW 9 of 17 
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3.4. Applying Engagement Themes

Each of the clusters of visualizations in CVAP aligned with themes of public engagement
and visualization communications that have been, respectively, described by Robinson [26] and
Bohman et al. [16]. Robinson’s community involvement matrix compared the inherent risk of a
situation with the complexity of information being presented to the audience, to create a mapping of
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potential engagement processes that could be implemented in a specific situation. The four themes
(or categories of engagement strategies) that Robinson [26] coined were: inform, consult, involve,
and partner. These themes are denoted in the framework via dotted lines separating CVAP into four
distinct sections. The regions and clustering within CVAP align with these themes, for example,
inform-type geovisualizations were found at the lower end of the risk spectrum and partner-type
tools at the high end of the risk spectrum. One of the alterations that Bohman et al. [16] applied to
the Maceachren and Kraak [14] Map Use Cube was the addition of a communication to exploration
spectrum that runs diagonally through the model. Bohman et al. [16] also illustrated the lower
amount of human and system interaction as primarily intended for the communication of predefined
information, and the increased level of interaction with the goal of facilitating new knowledge discovery
(discerning unknown patterns and relationships within the data). Hildebrandt and Döllner [29] also
associated an increased level of interactivity within a spatial visualization as a technique intended
for exploration by allowing a client the capability of rotating and moving the view-point camera
(point of view perspective of the user). This allowed the user to utilize the application to “show me
something else”, creating opportunities for discerning other information, rather than simply receiving
a predefined message or piece of information from the developer of the product.

When considering the Bohman et al. [16] spectrum and [26] engagement themes in the context of
CVAP, eight distinct categories can be seen observed, and the clusters fall into ranges from Inform
& Communicate all the way up to Partner & Explore. The categories are discussed further below,
and are organized using Robinson’s [26] themes as subsections with discussion on Bohman et al.’s [16]
Communicate and Explore variants in each section.

3.4.1. Inform

The Inform theme contains geovisualization tools that are used to support decisions associated
with lower risk in terms of outcomes and impacts. Examples in the Communication region include 2D
Projected Land Suitability maps illustrating four crop types projected for the years of 2010 and 2070 [2].
This type of visualization was used to present rather than produce research findings. Since an error in
the crop suitability map does not imply direct human casualties or substantial property/infrastructure
damage, this visualization is deemed as low risk.

Other low risk visualizations within the inform category contain a higher element of interactivity;
therefore, they are situated in the Explore region of the cube. These visualizations included
the ICchange prototype [30], the SimilarityExplorer [31], and Visual Exploration Interfaces (VEI)
with an embedded Google Earth Application Programming Interface (API) [2]. The visualizations
evaluated by Bishop et al. [2] both centered on rainfall and temperature change projections (agricultural
purposes); however, they provided the user with more opportunity to interact with the presented data,
thus situating the products near the Exploration end of the spectrum. This is the same for both the
geovisualizations evaluated by Poco et al. [31] and Kinkeldey et al. [30], as they provided functionality
such as allowing the user to filter the level of uncertainty in the land cover change predictions
(ICchange), as well as prediction models, variables, and time resolution (SimilarityExplorer).

3.4.2. Consult

An increase in Realism in the geovisualizations results in products that are more strongly related
to the Consult theme. The lower portion of this theme contains visualizations with less interactivity
available to the user comprised of a visualization evaluated by Bishop et al. [2], the WorldView
Project [32], and a photorealistic tool that demonstrated potential land use changes in the Danish
countryside [33]. These visualization products all had a high aspect of realism and were used during
circumstances which did not risk loss of life or vital public infrastructure. These tools were designed
to communicate pre-constructed scenarios towards a greater audience to facilitate discussion and
solicit thoughts and opinions on said scenarios; therefore, the geovisualizations were intended to be
used by planners to consult with stakeholders regarding the future land use options such as farming,
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tourism, conservation efforts, or residential development. The WorldView Project presented global
as well as regional effects of climate such as temperature, sea level rise, and loss of arctic sea ice
cover [32]. The evaluation asked participants about the relevance of the presentation as well as ease
of understanding of the presented data. Furthermore, the authors of [15] used a realistic and highly
interactive geovisualization to model a coastal environment in order to familiarize users with the
region. The software allowed stakeholders and local residents to apply different park management
scenarios to the simulation, such as fencing (location, length, material) and boat mooring regulations
(distance from shore, restricted number of vessels). The participants were then able to virtually “walk”
around the area from a first-person point of view using the arrow keys on a keyboard, to preview what
sort of impact the different park management scenarios would entail on the area. With this capability,
the users were able to determine which management plan they believed to be most appropriate to
enforce, as the amount of realism within the geovisualization contributed to their sense of place and
understanding of the environment [15].

3.4.3. Involve

The Involve theme of the CVAP cube encompasses visualizations that were all used for
decision-making that contained a higher amount of potential risk to property, infrastructure, or human
health/lives. This includes the Community Adaptation Viewer [27], a spatial decision support system
intended to implement pro-active community adaptation strategies for both home-owners and renters,
in order to reduce their vulnerability to tidal forces. There was minimal interactivity present within
the product; therefore, it falls within the Communicate end of the spectrum. This visualization was
successful at both engaging the community and also communicating to the residents their personal level
of susceptibility to the risk of local dyke failure, and the influence of climate change on the frequency and
severity of storms. Another example of community involvement was exhibited within the Kimberley
Climate Adaptation Project (KCAP), an initiative which focused on community adaptation to climate
change impact at the local level [5]. The authors found that in certain cases, “traditional” methods of
presentation (such as posters, and over-head slideshows) were successful at communicating a message
in real-world settings, such as an open house, or in order to reach less technologically advanced
individuals and stakeholders. Increased interactivity leads to visualization that can serve as a tool for
data exploration, such as ViewExposed [34]. ViewExposed was developed as a means to involve local
authorities with planning a response to natural disasters caused by climate change, by identifying the
most vulnerable regions. A usability evaluation indicated that users of ViewExposed considered it to
be a valuable tool for collecting and viewing complex data sets and would prefer to have even more
interactivity functions available with the data, such as the capability to upload personal databases
(e.g., natural hazards data).

Two more visualizations located in the Involve–Explore region are both related to sea level rise.
One of these was developed by [21], who evaluated the effectiveness of the communicative ability
of an interactive sea-level rise viewer designed to allow coastal resource managers to support their
decision-making process regarding ecological changes such as marsh migration, infrastructure addition,
and general communication regarding the dynamics of sea level rise. Participants responded positively
to the ease of use of the application, and all were able to complete the specified tasks as well as correctly
respond to the questions posed during the evaluation. Some participants found that the ability to
select and view multiple data layers at the same time was difficult to understand, which implies that
increased interactivity does not always correlate with improved tool performance.

Another sea level rise geovisualization was studied by Leskens et al. [1], who compared two
versions of a tool intended to demonstrate the risk of coastal flooding in urban regions, which are,
a two-dimensional and a three-dimensional versions of the same visualization. Since the 3D rendering of
the visualization contained an increased amount of realism with regard to the two-dimensional version,
that product was placed within the Partnering theme of the framework while the 2D version is situated
within the Involve theme. A user study conducted with non-domain experts indicated that participant’s
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sentiments were split half and half between the 2D and 3D versions of the tool for the purpose of
estimating whether an evacuation order is necessary for a region when presented with appropriate
data. Due to the complexity of information being presented, the flood risk visualizations are placed
closer towards the Exploration end of the spectrum in the CVAP cube. A case study was conducted
with practitioners and flood model experts to assess the level of product accessibility amongst an expert
crowd. In this case, the 3D version was considered beneficial over its 2D alternative for several reasons
including better inundation estimates, which ultimately leads to improved decision-making during
a time of crisis. With the 3D version, participants of this session were also able to propose various
adaptation measures for different stakeholder groups to mitigate disaster impacts. This indicates
that both dimensionalities of the product were successful at visually communicating coastal flood
risks to the user; however, the 3D version was more effective with experts due to the complexity
of information and the increased level of realism allowing for greater data exploration capabilities.
This allowed different stakeholders (i.e., provincial and municipal governments, companies, residents)
to form a partnering relationship and work together to ensure community resilience in the wake of
climate change.

3.4.4. Partner

Partnering tools include realistic visualizations with a high level of inherent risk present in the
decision-making process. Visualizations intended for communicative purposes (less interaction
available to the user) include the Local Climate Change Visioning Project (LCCVP) [18] and
VisAdapt [16]. As stated by Bohman, VisAdapt had significantly less interactivity present
(when compared to its counterpart ViewExposed) and was better employed for presenting already
known information. VisAdapt can also be used by private property owners to determine strategies for
rendering their residence more resilient against climatic exposure, thus making them partners with
other stakeholder and community leaders. This is similar to what was observed within the LCCVP,
where a participatory approach with a coastal community focused on increasing community resilience
with regard to rising sea levels and the risk to their property. This type of visualization was successful
in creating a partner-like relationship between decision-makers and stakeholders.

Visualizations with increased interactivity, which are intended for partnering, feature more
exploratory capabilities. These can be useful in situations where the answer to a particular problem
may have multiple possible solutions, and those solutions are not easily apparent and require discussion
to reach an appropriate consensus. Examples of such visualizations include a Mobile Augmented
Reality (MAR) tool for flood visualization [19], a 3D coastal flooding risk tool [1], and a virtual globe
tool implemented for KCAP [5]. The MAR tool was intended as a supplementary application to existing
flood risk management tools, in order to aid the comprehension of inundation maps by industry experts.
The results indicated that the participants found the application mostly easy to understand and rated
it as useful for emergency services. Such a tool could be passed onto local community leaders for the
purposes of community resilience, thus positioning them as partners with larger governmental sectors
in charge of resource distribution and planning. The 3D version of the urban flooding visualization [1]
was preferred by the majority of participants as best suited for estimating the damage to houses, and as
the most suited tool for estimating life loss. Similar to the previous example, this type of visualization
would be appropriate for local community adaptation planning, and to form a partnering relationship
between stakeholders at both smaller and larger scales. This would facilitate rapid communication
and sensible resource dispersal, ensuring that the regions and people in need of the most assistance
would receive it first.

The virtual globe geovisualization presented in the KCAP [5] was intended to effectively increase
awareness and the understanding of the risks and impacts of effects brought on by climate change.
It was interesting to discover that this format, which provided the highest degree of user interactivity
and realism (evaluated within Schroth et al.’s study), was deemed as an ineffective and an unreliable
source of information by some participants of the study. This could have been caused in part by
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pre-dispositioned attitudes of certain participants, lack of technological ability, or perhaps a shortcoming
in the presentation format itself as technical glitches were reported during the demonstration process.
However, this again draws attention to the fact that creating an effective geovisualization product
does not directly imply generating the highest amount of interactivity and realism present within the
product; rather, this should be decided on by a case-by-case situational basis.

4. Discussion

This study sought an in-depth understanding of the current state of effective geovisualization
approaches in order to advance research in this area and assist practitioners in harnessing technological
opportunities. The CVAP framework that was developed during this project can catalyze further
research and practices for effectively developing and using platforms for academic, stakeholder,
and practitioner groups to communicate, interact, and engage with spatial data. The research is built
upon the Map Use Cube [14], among other work, in order to update the original framework for modern
technologies. With this modernized framework, researchers and practitioners can understand the
preferred methods of visual communication for different user groups and/or the intentions for a specific
purpose or circumstance.

4.1. Challenges and Opportunities around Classifying Geovisualizations

It is necessary to acknowledge a specific difference between interactive and immersive visualization.
Certain differences in the visualizations proved to be difficult to discern since the formation of the
CVAP was a qualitative process. Such issues were observed when classifying the WorldView
product [32], which is an immersive dome-shaped chamber environment with realistic qualities.
This geovisualization took participants on a journey, showing them local and global effects of climate
change; however, in CVAP, this product was ranked as having lower interactivity. This is because
even though the participants were provided with a realistic geovisualization that gave a 360◦ view
of the landscape, there was little to no user interaction with the data, such as selecting custom data
layers or the availability of zoom and pan functionality. This sort of difference between immersive and
interactive geovisualization needs to be further researched, in order to attain a better understanding
regarding the benefits of these types of geovisualizations. Another notable discrepancy between the
geovisualizations included in the CVAP framework was exhibited in the product analyzed by Tress and
Tress (2003). The authors created highly realistic, but static, imagery of the Danish countryside using
Adobe Photoshop. This was a visualization that, at the time of its release, was at the forefront of what
is possible to achieve via a computer-simulated image. However, if this research had been performed
in more recent years, one can assume that the visualization product would have been a more advanced
and interactive tool simply due to the amelioration of and ease of access to visualization technology
and software.

The purpose of this process was to create a framework that organizes existing geovisualizations
into clusters and themes that describe the intentions that the particular geovisualization product
was successful at achieving and the most suited audience for those specifics of the visualization.
Accordingly, CVAP can be used to guide the development of new geovisualization products by
determining an appropriate type of visualization to use within specific circumstances. Decisions
regarding the amount of realism or interactivity presented to the user of a particular geovisualization
are able to be resolved with increased confidence after using CVAP to justify the decision.

A pattern that emerged during the formation of the CVAP relates to the level of inherent skill
or previous domain knowledge present amongst the user group when evaluating a geovisualization.
Visualizations with higher levels of interactivity were favoured among more expert user groups due to
the geovisualization’s capabilities to act as tools for knowledge discovery. This describes situations
where the potential solution to a problem was not immediately apparent and required new perspectives
on data analysis in order to reach a conclusion. This is contrary to the visualizations that are intended
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for communicating a predefined or an already known message to a user group, as those products often
had a low level of interactivity associated with their use.

4.2. Potential Framework Use

A workflow that implements CVAP resembles a three-step pipeline. This process can be
described with the following use case: an organization is faced with a decision that is impacted via
climatic variation, such as coastal flooding from sea level rise and changing precipitation patterns
(e.g., Leskens et al., 2017). Using a geovisualization to communicate the information is considered to
be a conceivable option; however, there is uncertainty regarding what form of visualization would
best be suited for the intended purpose (i.e., disaster mitigation) and audience (i.e., policy analysts).
The organization consults the CVAP framework to affirm the most appropriate form of geovisualization.
Step 1 consists of determining the intended outcome of the geovisualization with regard to the audience
(i.e., to inform, consult, involve, or partner with the user group). Then, it is necessary to decide whether
the tool in question is intended to communicate already known facts, or if it is to be used for new
knowledge discovery (Step 2). This can be partially influenced by considering the expertise level of
the intended user group, as exploratory products (highly interactive geovisualizations) were often
preferred by more advanced users. Finally, Step 3 involves commissioning a team of developers and
analysts to create a product based on the insights derived from applying CVAP.

The CVAP will further guide visual product development because this framework determines
what qualities of a geovisualization were preferred in a specific circumstance, and towards which
audience. Different versions of the same geovisualization product could be developed based on the
target audience (layperson or expert) or intended purpose (communicate known message or knowledge
discovery), thus ensuring that each user group is able to extract the most amount of information and
ultimately attain a level of better judgement when considering the effects of climate change on their
personal business, well-being, and interests. Most importantly, the CVAP serves as a tool to guide the
decision-making process regarding whether a geovisualization will be an effective medium based on
specific qualities of the intended task, as per research regarding effective ways of communicating data
through a visual tool.

5. Conclusions and Future Work

Geovisualizations have demonstrated potential as tools for communicating complex scientific
data on climate change to a wide audience with different levels of expertise in the subject. However,
albeit promising, there are still challenges that remain in applying research to real-world settings.
There is a tremendous breadth in the diversity of geovisualization tools and the audiences that they
are designed for; therefore, it is often possible to encounter contradicting conclusions regarding
what makes for useful climate planning and engagement tools. This research addresses the gap in
geovisualization knowledge and understanding by creating a conceptual framework that classifies
geovisualization products into groups or themes, which best represent the aspects of the visualization
medium. The CVAP framework can be used as a decision tree system for determining which form of
geovisualization is most appropriate in a specific situation and for which audience.

The CVAP is also relevant within research fields which may not be directly related to climate
adaptation, planning, and community engagement. For further study, it is recommended to test the use
of CVAP within alternate sectors in order to determine whether it is appropriate to implement within
different circumstances. These fields include areas such as nuclear disaster evacuation [35], urban flood
evacuation [36], Indigenous knowledge mapping [37], urban development [10], arctic shipping
sector [38], resource management [39], and recreational tourism [33]. Even though the CVAP
framework has demonstrated its potential within the climate adaptation and community engagement
fields, more usability evaluations are still required in order to attain a complete understanding of
effective visual communication strategies and their intended audiences. As part of an ongoing research
project, the CVAP framework will be subsequently tested in focus groups and workshops in which



ISPRS Int. J. Geo-Inf. 2020, 9, 644 14 of 16

practitioners and decision makers can evaluate the effectiveness of the cube in representing the
tradeoffs with various products. Focus groups and workshops can provide such stakeholders with the
opportunity to see where they feel specific geovisualization tools should be positioned within the cube,
which would improve our current presentation in which we have all products clustered into the cube’s
corners. Furthermore, stakeholders could also determine where they feel their level of comfort with
using geovisualization tools resides along the cube’s axes, thus providing new knowledge on how well
various tools are aligned with stakeholder experiences and expectations.
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