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Abstract
Visualizing geographical phenomena often involve communication of information and relationships through a map in either 2D
or 3D. In many cases, the information conveyed through the map is a simplified and symbolic depiction of phenomena that is
visible in our physical environment. However, maps are also effective for the communication of geographical phenomena that are
hidden or are by nature “invisible” for the human eye. As well as invisible factors in our present environment, tracks of
occurrences and events from the past have often been lost for many years. In the same way, future situations have still not
materialized. This issue covers all these situations. From historical landscapes and events in the past, cadastre and underground
geology today and urban planning for the future. The use of traditional cartographic techniques as well as virtual reality are
discussed. Several of the research projects involve user studies. The main objectives contributing papers are to make the
“invisible” information accessible and more understandable for humans.
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The theme of this issue is the visualization of “invisible” geo-
graphic phenomena. However, which phenomena that are vis-
ible are not obvious. Our physical environment, including
forests, roads, waterbodies, buildings etc. are clearly visible
objects which may be included in general maps. On the other
hand, the geology in the same area might be only partly vis-
ible. While most of the surficial deposits and bedrocks are
hidden for the human eye, the top layer, together with the
landscape features, can tell us something about the geology
below the surface (Harvey 2012). Further, situations and en-
vironments in the past, as well as in the future, are not visible
for the human eye but can be represented in maps. For exam-
ple, can landform and quaternary sediments be used to map
the coverage and movement of glaciers in the glacial period
(Fredin et al. 2013).

Mapping the invisible is of course nothing new, even
though there is a need for improvements in the theory,
methods and tools as illustrated in this special issue. One
example of visualization of the invisible is linked to the sus-
tainable development goals (SDGs) which were established
by the United Nations (UN SDGs 2015). The 17 goals have
several things in common, for example that they have a spatial
component. Further, several of the 17 themes are not directly
visible in our environments. Consequently, when visualizing
these goals, thematic maps are excellent for communicating
the information. This is demonstrated in the poster collection
established by the International Cartographic Association
(ICA 2016). This focuses on maps used in connection with
each of the SDGs. The poster exhibition is subsequently
succeeded by a book which illustrates how cartographic
methods can be employed for objective visualization of the
invisible (Kraak et al. 2020).

There are many phenomena which by themselves are in-
visible, while the consequence of the existence of the phenom-
ena is perceivable by humans. As an example, CO2 in the
atmosphere is not visible, while extreme weather caused by
increasing CO2 concentrations can be perceived by humans in
several ways. Neither of the weather phenomena wind nor
temperature are directly visible. But there are often distinct
visual impacts of both. In a way, we can call them semi-visual.
One of the most famous visualizations through other indica-
tors is John Snow’s Cholera map from 1854 (Brody et al.
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2000; Field 2020; Snow 1854). The visualization of deaths
caused by the epidemic also indicated the origin of the invis-
ible bacteria. Noise and radiation are other examples on invis-
ibility in our environments. Noise is clearly perceivable by
humans, but not through vision, while the only way to know
about radiation is through sensors and measurements. Various
kinds of air pollution are also measured by instruments,
though some kinds of air pollution become visible when the
concentration is high. In Mohamed et al. (2016), air pollution
is measured and visualized by using lichens as indicators.

Short time before the deadline for contribution of research
to this special issue, an all-important semi-invisible phenom-
enon showed up: the COVID-19 pandemic. While the corona
virus itself is invisible (for the human eye), the pandemic is
more tangible. However, there is a duality between the virus
and the disease. Even if the single cases of COVID-19 are
easy to comprehend, it is harder to “see” the distribution of
the pandemic on a general view, without visualizations by use
of cartographic methods. During the last year, we have been
introduced to a vast number of thematic maps, charts, graphs
etc. to keep us updated about the development of the pandem-
ic. Mocnik et al. (2020) are exploring some challenges and
how to approach these challenges when it comes to carto-
graphic visualization of the pandemic.

Another example of invisible information are property
boundaries and easements in cadastres. The definition of prop-
erties often exists as coordinates and text description in an
archive and/or physical boundary markers. These are often
difficult to identify in the physical world. Consequently, the
legal definition of a property unit is difficult to identify in the
real world, even if fences, hedges etc. are used for claiming
ownership. This problem is enhanced in 3D cadastres, where
property boundaries often coincide with physical structures
(walls, ceilings, etc.). At the same time, there are no physical
markings of which physical structures that are used. In this
issue, Seipel et al. (2020) address the need for proper visual-
ization of 3D cadastre, including easements. They create a
visualization system for a 3D cadastre information, using a
Swedish building as a test case. Typical challenges are how
tomake 3D visualizations of a 2D property unit (which legally
has no limitations in height) together with 3D property units.
Another main challenge is the selection of colours to represent
the property boundaries, easements, and physical building
structures. To make a useful visualization, transparencies
need to be used . This aga in impl ies a r i sk for
misinterpretations when colours are overlaid. The similarity
of the colours is determined by a colour similarity index that
includes hue, saturation and lightness. In their research, Seipel
et al. (2020) perform a user study of their visualization system.
The result shows that objects, with quite distinct colours when
being rendered with no transparency, tend to become increas-
ingly similar as transparency is increased. Generally, the paper
by Seipel et al. is very useful for 3D visualization when

several feature types are involved, and when there, at the same
time, is a need to look through objects (such as walls). In that
sense, their result is also applicable outside the 3D cadastre
domain, as well as outside the geospatial domain.

Another example of visualization of the invisible in this
special issue is within the field of geology. Bang-Kittilsen
and Midtbø (2021) study how to visualize uncertainty in geo-
logical mapping. The open data sharing policies have made
the geological information accessible to a broader user group
of non-experts, which entails that it is crucial to develop
methods for visualizing uncertainty to increase the usability
of the geological information. In their study, Bang-Kittilsen
and Midtbø created a web-based experiment to analyze
whether and how different design choices influence the sense
of uncertainty. The test also included questions about the in-
tuitiveness of the uncertainty for various symbols. Two hun-
dred ten participants from different countries completed the
experiment, including both experts and non-experts in geolo-
gy. The results show that design choices have an impact on the
participants’ assessment of uncertainty. The design choices
that proved to be effective are as follows: changing the ap-
pearance of borders between geological layers, making the
reference information less detailed and changing scale and
symbol size. The dashed line was proven to be a solid choice
for experts, and an effective symbol for uncertainty overall.
Adding uncertainty into cross-sections could be an excellent
tool, which would add understanding both for experts and
non-experts. The different answers from experts and non-
experts show a potential for more distinctive communication
of the elements that requires domain knowledge.

A typical example of visualization of the invisible is the
recreation of a historical landscape, either in photographic
or symbolic form. In this issue, Mazagol et al. (2021) rec-
reated the landscape that has, as in thousand other exam-
ples, been hidden by man-made reservoir dams. Several of
these reservoirs are relatively new, which make the hidden
landscape to remain in the memory of the local popula-
tions. Today, modern technologies can enable local popu-
lations to virtually recreate these lost landscapes and make
them visible again. Mazagol et al. (2021) show in a case
study how 3D digital tools can effectively recreate repre-
sentations of a landscape using the valley of the Gorges de
la Loire in France as an example. In their work, they dig-
itized several feature types of the past landscape (into vec-
tor representation) such as roads, streets, paths, ferries, rail-
ways, buildings, factories, mills, castles, canals, bridges,
and tunnels. In the visualization, they employ an original
automatic colorization method of old greyscale aerial
photographs, which make the visualization of the 3D
model similar to old photographs. To summarize,
Mazagol et al. (2021) show that developing a historical
database can provide a virtual copy of history that supports
visualization of the lost landscape.

13    Page 2 of 4 J geovis spat anal (2021) 5: 13



Another study of visualization of the past was completed
by Romano and Hedley (2021). In their study, they combine
GIS and interface technologies for supporting historical nar-
ratives. Virtual reality (VR) and augmented reality (AR)
equipment are examples on technologies that are suitable in-
terfaces for displaying invisible phenomena in a nature-like
manner. One objective of their study was to bridge some of the
inabilities in current historical GIS (HGIS) tools. Utilizing the
new technologies makes it easier to “engage audiences in
‘narratives’, ‘experiences’ or ‘emotions’ of past events and
places”. In their research, they work with the historical event
of the segregation of Japanese Canadians during World
War II after the Canadian government implemented the
War Measures Act in 1942. From a parallel project,
they have access to a lot of material connected to this
event, such as spatial data and analyses, recorded inter-
views, collections of historical documents (property
ownership and community records documents, photo-
graphs), textual narratives and conventional maps. The
ma t e r i a l i s concen t r a t ed on a sma l l a r e a , a
neighbourhood in Vancouver, Canada. The authors con-
clude that by combining GIS, new interface technolo-
gies (such as VR and AR) and interaction design meth-
odologies, we can produce hands-on prototypes that al-
low us to deliver spatial and emotional immersion.

As well as the past is invisible for us, the future is likewise.
How to visualize the future is addressed by Judge and Harrie
(2020). Their use case is focused on visualization of detailed de-
velopment plans (DDPs) that legally define what is allowed to be
built on a specific property. A proper visualization of these plans is
important to facilitate public participation in the urban planning
process. In most countries, visualizations of DDPs are still in the
form of static 2D maps. However, there is a movement towards
3D interactive maps. This could potentially benefit public partici-
pation by improving communication of the plan proposal. But it
also raises several challenges. One challenge is that an interactive
3D map can give the impression that this is how the future will
look like, while a DDP visualization aims at showing what could
be built within the legal frame of the DDP. This implies that the
uncertainty of the future needs to be addressed in the cartographic
design. In their study, Judge andHarrie developed and implement-
ed preliminary guidelines of a 3DDDPvisualization, including the
possibilities to explicitly address how to handle uncertainty in
DDP visualization by interactive tools. The preliminary guidelines
were then evaluated by semi-structured interviews with urban
planning professionals. Based on the outcome of these interviews,
the guidelines were updated. Since a symbolic representation bet-
ter reflects the uncertain relationship between a DDP and the
(possible) physical realizations of the plan, nature-like presenta-
tions are avoided in the final guidelines.

The study by Gupta et al. (2020) also addresses the planning
perspective. In their case, this is visualization of spatial and tem-
poral clustering of rural assets created under the world’s largest

social safety programme, MGNREGA, in the Prakasam district
of Andhra Pradesh, India. The study is based on exploratory
spatial data analysis (ESDA) to reveal interesting facts about
the various environmental socio-economic issues in the
MGNREGA program. More specifically Gupta et al. applied
hotspot analysis which shows that most of the assets tend to
cluster at village level at selected locations and particular periods
during the MGNREGA project implementation. The authors
conclude that ESDA tools are highly useful for simultaneous
visualization of spatial and temporal clusters. The empirical re-
sults presented in the study could be helpful and valuable in
enhanced planning and implementation of MGNREGA, as well
as other similar rural development programs.

The six papers in this special issue nicely exemplify several
challenges of visualization of invisible phenomena as well as
provide some theories, methods and tools for the visualization.
A central question is who the intended users of these tools are.
Experts are very clever to read and interpret data in their field of
expertise, even if these data are incomprehensible for most peo-
ple. They clearly could benefit from a tool that shows all the
complexity of the information. To communicate the information
to the public (and politicians and other decision makers!), it is
essential to visualize the data through more structured presenta-
tions. The most sensible way to verify if a method/tool is fulfill-
ing its objective (for the intended user group) is to utilize user
preference or usability studies. We note that user studies have
been widely applied by the authors in this special issue. In Seipel
et al. (2020), they perform a user study (of professional users) of
their 3D cadaster visualization system; in the study by Bang-
Kittilsen and Midtbø (2021), a wide and large test group (>200
persons) performs an evaluation of the design proposals for un-
certainty presentations; and finally, in Judge and Harrie (2020),
an expert user group is interviewed about the recommended
cartographic design of the interactive 3D detail development plan
visualizations. This focus of the users is inherently important in a
time of fast technical development, nicely illustrated by Romano
and Hedley (2021) in this issue, and an increasing availability of
expert data for the public (Bang-Kittilsen and Midtbø 2021).

The importance of visualization of the invisible is likely to
increase. For example, the technological evolution contributes
with a wide-ranging growth of various kinds of sensors, and
several of those produce data with a spatial component. As a
result of this, the availability and quality of (invisible) geo-
graphical related information are steadily increasing. These
data can be conveyed as information through both known
and new, innovative visualization methods. This special issue
did not include any paper explicitly addressing the case of
visualization of sensor data. However, we anticipate that there
will be a growing interest in visualizing of this kind of data.
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