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Spatial Information Science

This brief introduction to the broad
field of Spatial Information Science,
also Geospatial Information Science
(GISc), covers a few basic concepts of
this scientific and engineering discipline
and will also establish connections to
other closely related disciplines. It will
furthermore discuss common sources of
spatial data and information, as well as
potential future development fields.

Background

According to recent estimates,
humans produce a staggering amount of
2.5 billion Gigabytes! of data every day

1 One billion Gigabytes amount to 1
Exabyte (10'®), or the volume stored on



through business transactions,
administration, scientific data
acquisition and analysis, video
streaming, social media, and other
activities [1]. By 2025, 150 trillion
gigabytes of data, of which 90% have
been produced just in the last two years,
will require analysis [2]. It is difficult to
estimate exact numbers and make
reliable forecasts as much of the data is
produced by and stored at the Five Big
Tech companies: Alphabet (Google),
Amazon, Apple, Meta, and Microsoft,
and thus detailed information about data
volumes is not always made available.

The value of data as the “new gold”
has been put on many discussion
agendas for years when it comes to
developing a new digital data agenda or
finding new opportunities based on data
[3]. Others compare data to the “new
oil”, not only because of the value of
data but also because the process of
refinement is important. In order to
create something valuable out of crude
oil, it needs to be refined, filtered, and
extracted; and that process is usually
very complex [4]. This is the point
where the concept of “Big Data”
appeared in the media some three
decades ago. Big Data is not only about
volume. It is also about different types
of data (variety) that need to be
combined to extract meaning, it is about
the speed at which data can be processed
to arrive at critical decisions quickly
(velocity), and it is about the

one million one Terabyte harddisks.

truthfulness and meaningfulness of data
(veracity) which has become an
important topic in today/s business,
research and media landscapes. These
4Vs are the constituents of Big Data
analytics, and increasing complexity has
considerably driven the development of
machine learning tools to handle such
data.

It has been estimated that the
majority of data today is related to
location, hence it constitutes spatial data,
and while this statement might sound
fairly unprecise, it is easy to see that
spatial data plays a major role in our
everyday life when one thinks about
monitoring and research satellites in
orbit around the Earth and their services,
companies dealing with location data,
map services and transportation,
planning, climate modeling, and weather
forecasts, or shared information on
social media. We need data for our daily
businesses, and businesses need our data
to run their business and find valuable
information in the large amount of
unstructured information that enters
cloud space and local harddisks. Spatial
data opens a new dimension as it
connects every single piece of
information to a location in space and
time. Successful companies see the
value in data and they know how to
gather and exploit data.

Data might be the new gold but
without context and structure, even that
data can become useless. What we want
to achieve is to find the value in each



byte of data and distill it into valuable
information, and, eventually also
knowledge. Information and knowledge
are our ingredients for making informed
and well-balanced decisions — business
decisions based on market information
and trends, strategic decisions based on
intelligence information, policy
decisions based on research information
and reasoning, navigation based on
location information, or — at the end —
even very mundane decisions that
involve no risk: the place one might
want to have dinner the next day.

Information science is the study of
how people create, manage, use, and
share information. It is a field that

encompasses a wide range of disciplines.

It is concerned with understanding how
people find, create, and use information,
and how information systems can be
designed and developed to support these
activities. It also involves the study of
how information is organized, stored,
and retrieved, as well as how it is shared
and disseminated.

Spatial Information Science is
exactly what the name implies: a branch
of information science that deals with
data and the creation of structured
information about geographic location
and its connections. At its core, Spatial
Information Science might be as well
called Spatial Information Engineering,
as most of its foundations are in
developing approaches to process and
filter data and information to make them
meaningful, either through

visualizations, such as maps or through
data tables or even through new, filtered
and condensed data which can then be
connected to other data to form new
information. Here, spatial databases and
geographic information system
technology (GIST) play an important
role. At closer inspection, the concept of
spatial information science can also be
seen as an amalgamation of various
concepts and tools that are used to make
use of data that have some reference to
location. The core of spatial information
science is actually more about data
engineering rather than information, and
it is to a large degree about tools:
techniques, and algorithms, to turn data
into something useful for specific
purposes. But apart from such a
semantic discussion which can be led in
considerable depth [5], information
science can well be described through its
applications, which are pathways to the
science behind them.

We can therefore summarize, that
Spatial Information Science is a field
that deals with the acquisition,
representation, management, analysis,
and visualization of spatial data. It
encompasses a range of disciplines
including geomatics and computer
science and engineering, geography,
cartography, geospatial analysis, and
spatial statistics. The field is concerned
with the use of technology, such as
geographic information systems (GIS)
and remote sensing, to collect, process,
and analyze spatial data. Spatial



Information Science is important
because it enables us to better
understand and analyze the world
around us. The ability to collect, manage,
and analyze spatial data allows us to
make informed decisions about a wide
range of issues. Spatial Information
Science also has important practical
applications in fields such as urban
planning, transportation, and
environmental management, where it is
used to analyze and address complex
problems.

Sources of Spatial Information

Spatial data are ubiquitous and
while one may not be aware of it, we all
are in contact with spatial data and
information on which we base our daily
decisions (see also Figure 1).

Important sources for spatial data
are government agencies, either surveys
and land offices or space administrations,
such as the Taiwan Space Agency (TSA).
Surveying data on the ground or
spaceborne surveys and global
navigation satellite system (GNSS)
services provide hundreds of terabytes
of data each and every day [6]. Also,
real-time monitoring of the environment
on the ground has been evolving over
the last three decades. Here, spatial data
are obtained from national hazard
monitoring services (earthquakes,
tsunamis, and landslide warning systems)
or traffic information. To operate a

modern “Smart City” with thousands of
interconnected sensors, the collection,
management, and real-time analyses of
location-based data have become
paramount.

Other providers of spatial data
include commercial providers and
companies, such as DigitalGlobe or Esri,
which offer high-resolution satellite
imagery and other geospatial data
products. But there are countless other
organizations that collect data such as
navigation data collected by
transportation companies. Then, there
are open-data platforms that provide
access to open-access geospatial data,
I.e., data that can be downloaded and
used by anyone interested in exploring
that data, or map service providers such
as Google Maps, Microsoft Bing,
OpenStreetMap, Apple Maps or Baidu
Maps, to name a few examples.

Other spatial data come from the
users themselves. Crowdsourced data,
such as that collected by volunteers
through platforms like OpenStreetMap
are one source, another one is social
media content, such as location data
from Instagram and other social media
as well as augmented reality gaming
apps. Many consumers’
applications location
collected by countless apps.

smartphone

require data
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Figure 1. Applications and research fields along with some of their underlying
foundational tools in Spatial Information Science.

The Future of Spatial Information - the increased use of artificial

L. . intelligence and machine learning to
Predictions about future markets is

difficult to make, in particular when
information technology (IT) plays an

analyze and extract insights from
geospatial data;

important role, such as in Spatial - the development of more
Information Science. Modern sophisticated and accurate methods
developments in IT can easily become for collecting, managing, and
disruptive technologies and change the processing geospatial data, in
landscape and direction of a particular particular, spatial databases [7];
field completely. The future of Spatial - a more efficient integration of
Information Science is likely to be geospatial data to develop a deeper
shaped by advances in information understanding of complex systems
technology, and an increasing demand and their dynamics;

for location-based data and services.
Here, applications range from data
acquisition, over data management
through advanced database technology,

growing demand for virtual and
augmented reality technologies to

visualize and interact with spatial

} ) . data;
to innovative data analysis and data
visualization, and back again through - advancements in spatial and
establishing efficient spatial data spatio-temporal modeling and
infrastructures. simulation;
Some of the future trends might - greater use of cloud-based spatial
include, without particular ranking: data and services;



- an expansion of location-based
services to support various industries
such as retail, transportation, as well
as land and urban planning and

administration;

- more efficient and inter-connected
use of geospatial data for monitoring
and mitigating the impacts of climate
change, natural disasters and other

environmental challenges.

The following chapters in this book
will cover some of the main fields in
more depth and provide insights into
applications and current developments.
These chapters include Global
Navigation Satellite System (GNSS)
technology, topics of photogrammetry
and remote sensing, geographic
information systems (GIS), national land
surveying, and mapping.
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