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ABSTRACT:

GIS has become an important part of many disciplines and supports a vast range of applications. It is used everywhere, from
agriculture to public health care. Furthermore, with the advances in technologies, the availability of GIS data and software support
has grown exponentially. In this paper, we present the results of our international survey to investigate the adoption of geospatial
data, standards, and software by the practitioners in different application domains. The results demonstrate a clear trend towards
the increased use of GIS in a number of application domains including architecture, geosciences, hydrology, and so on. We also
explore the expectations of the users from the GIS technologies and provide some insight into the current status of 3D GIS data and
its applications.

1. INTRODUCTION

The field of GIS (Geographic Information Systems) is
constantly changing and evolving. Over the course of the
last two decades, the GIS community has seen software
technology advance from command line, workstation-based
tools to software that can now be used on mobile devices and in
the cloud. Nowadays, GIS is used everywhere, from agriculture
to public health care. Simultaneously, the availability of geodata
has grown exponentially, thanks to advances in the different
technologies, at different geographical scales, used to acquire
data (e.g. satellites, drones, and sensors, just to name a few).
Furthermore, there is a growing trend to make geodata publicly
available, in order to foster development of new and innovative
applications. GIS standards are essential for harmonising the
technical specifications to aid in the usability of this data for
developers, stakeholders, and other users.

With the growing number of standards and availability of
(open) GIS data, we undertook this initiative to explore how
practitioners in different GIS domains make use of spatial data,
standards, and software. There are many studies exploring the
status of GIS in the field of archaeology (De Roo et al., 2013),
public health (Bissette et al., 2009), urban planning (Göçmen
et al., 2010), education (Kerski, 1999), and user requirements
analysis (for 3D data) (Wong, 2015), to name a few. However,
none of these studies compare the results across different urban
application domains.

Our study adopted a user-oriented approach to understand how
geospatial data is used in different urban application domains.
We designed and distributed a web-based survey to investigate
the adoption of geospatial data, standards, and software by
the practitioners, and received more than 100 responses. In
addition, the study explores what users expect from the GIS
technologies and also provides some insight into the current
status of 3D data, paying particular attention to CityGML, given
its relevance as an open standard tailored to the urban scale and
its related applications.
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2. BACKGROUND

2.1 2D & 3D GIS: Where are we heading?

Starting from the early 90s, GIS has become a sophisticated
system for maintaining and analysing geospatial data. 2D GIS
has been around for quite some time now and there are a
multitude of known applications ranging from transportation
planning, engineering and operating (Ziliaskopoulos, Waller),
epidemiology (Yang et al., 2005), water-resources planning
(McKinney et al., 1993), emergency management (Newsom,
Mitrani), business planning (Mennecke, 1997), and urban and
regional planning (Yeh, 1991), among many others.

The need for 3D information is rapidly increasing. The
modelling that we were able to conduct so far in 2D did
not take into account the third dimension. For instance, a
2D flood simulation only provides us with the geographic
locations that are potentially affected by the floods. From
this data we cannot determine which floors of the buildings
are affected and under what conditions, etc. Including the
the third dimension component built into our models can
really change this situation. The use of 3D city models in
performing such simulations has considerably increased in the
recent years. There are various application in the realm of 3D
city models, these range from visibility analysis, emergency
response, solar potential estimation and noise propagation to
name a few, Biljecki et al. (2015) have a comprehensive
overview of applications. Furthermore, several major cities
around the globe such as New York, Amsterdam, Berlin are
using 3D city models for different applications.

GIS software and tools have also made a significant movement
towards 3D. A survey conducted by Leskens et al. (2017)
showed that 3D visualisations have an enormous added value
over 2D. A number of GIS standards and other formats have
been developed to aid the representation and processing of these
models such as CityGML (OGC, 2012) and CityJSON (Ledoux
et al., 2019). Furthermore, database solutions such as 3D City
Database1 have been developed for the management of these

1https://www.3dcitydb.org
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models. A multitude of other open 3D formats also exists for
visualizing the 3D data in a web browser such as COLLADA2,
KML3, glTF4. With the advancements in the development of 3D
web based applications, virtual globes have emerged as a new
medium for visualising and interacting with geodata including
3D data e.g. Cesium 3D webglobe5. As technologies continue
to progress, we should see 3D city models become more and
more affordable, thus allowing a faster transition to 3D GIS.

3. METHODOLOGY

3.1 Survey design

A web-based survey, utilising Google forms, was designed to
investigate the adoption of GIS data, standards, and software
by the practitioners. The full survey can be accessed here:
https://forms.gle/Bvuej46gXNe4ouFL9. The survey was
distributed via Twitter and LinkedIn.

Participants were asked a number of questions within the
following categories:

1. Awareness about the various GIS standards
2. Popular choices in the GIS community: GIS data,

standards/formats, and software
3. Attitude towards 3D GIS and CityGML
4. User expectations from the GIS technologies

3.2 Participants

The main target group of the survey were researchers
and professionals who work directly and indirectly with
geoinformation. The web-based survey was distributed
within the authors’ personal networks and via social media
(Twitter, LinkedIn). Adequate measures were taken to
ensure the confidentiality of the participants’ responses. A
total of 101 responses were received from 21 countries
ranging across South America, North America, Europe,
Asia and Oceania. Respondents came from a variety of
fields including academia, government, architecture, surveying,
spatial planning, environment management, etc. (Figure 1).

3.3 Data analysis

The data analysis was carried out using Python version 3.7 and
R version 3.5.0.

4. RESULTS

A visual analysis of responses to the main questions is included
in the Appendix Section. This section summarises the main
findings.

4.1 Summary of Survey Results

More than 90% of the participants have an understanding of the
GIS standards (e.g. OGC, ISO standards) and find them useful
for their work. The vast majority of respondents worked with
2D vector data (92.2%), while 2.5D vector data was the least
utilised with only 60% of respondents.

2https://www.khronos.org/collada/
3https://developers.google.com/kml/
4https://www.khronos.org/gltf/
5https://cesiumjs.org

Shapefile continued its de facto reign over the 2D GIS formats
realm (94.5%) but GeoTIFF (90.1%) and GeoJSON (75.8%)
are also two strong formats being utilised. The 3D realm
saw lower usage than the 2D realm, with the most utilised
format, KML, coming in at only 66.7% followed by CityGML
at 55.2%. QGIS is the most used GIS software at 88.9% while
ArcGIS trailed behind at 55.6%, and when it comes to ETL
(Extract, Transform and Load) tools, FME at 33.3%. For other
software many participants suggested scripting languages such
as R and Python. In the database realm 84.8% utilised spatial
databases, with PostgreSQL/PostGIS being the overwhelming
majority at 93.5%.

We intentionally did not include BIM and other computer
graphics standard in this survey, as the major goal of this inquiry
was the usage of GIS at the urban scale. Therefore, in the
last part of the survey, we focussed our study to the popular
3D urban GIS standard CityGML and which levels of detail
(LODs) most users utilised. 87% of respondents were familiar
with the standard CityGML, and of them, 56.8% utilised LOD1
models and 55.4% utilised LOD2 models, those 2 being the
most popular LODs.

72.2% of respondents planned to use 3D data and standards in
the next 2 years. The top applications for use were city planning
(61%), infrastructure management (45.5%), flood mapping
(41.6%) and energy (36.4%). Respondents were also offered
the opportunity to add further applications and this generated
an interesting list (in bold are applications suggested by the
survey):

• Energy
• Noise
• Air Pollution
• Traffic Management
• Real Estate
• Flood Mapping
• Microclimate
• Infrastructure Management
• City Planning
• Subsurface Management
• Humanitarian Crises
• Automotive Driving
• Health
• Pedagogy
• Cultural Heritage
• Precision Farming
• BIM Geology Monitoring
• Smart Cities
• Cadastre
• Urban Analysis
• Geohazard Management

4.2 Participant Opinions and Expectations

The last part of the survey asked the open question: “[What
is] Your opinion/expectations from 2D/3D GIS technologies?”
This generated some interesting responses with the most
common themes summarised as follows:

• There is a need for increased software support for 3D GIS,
specifically open source solutions

• Further harmonisation between 3D GIS standards is
necessary
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Figure 1. Distribution of the field/area of work of the participants (by percentage).

• An increased awareness of the added value of 3D GIS and
its applications would be helpful, especially for those in
the predominantly 2D dominated domains

• More interoperability between the GIS and BIM worlds

• Higher availability of open data

• There is an interesting split between respondents saying
that 3D GIS is the future and those that question its need
altogether

Some samples of the opinions provided by the anonymous
participants are:

“Still lots to do in terms of software availability (and usability)
regarding 3D, but lots has been done in the past (recent
years). So I am optimistically looking at the future for a new
“Copernican revolution” from 2D to 3D. I am aware that for
some specific applications, 3D may indeed be an overshoot,
however I strongly believe that some (so far) predominantly
2D dominated domains (urban planning, etc.) still need to
understand the added value of 3D. Once this happens, there
will be a major drive to foster further development of 3D-aware
tools. AS a matter of fact, the world is not so much 2D as many
keep believing...”

“Open / public data has started to get used more and more
by various parties. This changes the playing field and
creates the need for the data providers to operationalize data
access on enterprise scale with security, scalability and SLAs
[Service-level agreements]. Nice to see that lots of efforts
finally pay off and turn into live data usage.”

“I expect that the worlds of GIS, 3D design and the integration
of other information sources will slowly move towards each
other. Future developments will focus on (standardized)
frameworks which allow an easy integration and enrichment
of data, but also an integration of platforms, apps and
functionality. This can only be done with standards.”

5. CONCLUSION

The results of the survey demonstrate a clear trend towards
the increased use of GIS in a number of application domains
including architecture, geosciences, hydrology, and so on.
More than 90% of the participants found GIS standards useful
for their work. This is probably due to the high provision of
opportunities to develop GIS competencies in the organizations.

The popular choice of GIS software turned out to be QGIS,
which reflects, on one hand, the increased popularity of the
open-source packages in GIS, but on the other calls for a
better support for 3D from the FOSS (Free and Open Source
Software) community. Another interesting finding around
software is the number of people that suggested utilising a
combination of R and Python. Open data was also a popular
choice with 92.3% of respondents reporting to work with it.
Over-all a clear trend towards open software and open data is
evident.

There are some potential limitations to this survey that should
be addressed for future iterations of this work. The results are
potentially skewed to the 3D world given that our networks
consist of many 3D GIS users. Additionally, in the future it
would be beneficial to survey non-GIS users about potential
future applications and use cases to better understand their
needs and explore new opportunities.

To conclude, when developing an application framework
nowadays, GIS standards play a steadily growing role and
cannot be neglected anymore. There still exist a number of
issues that can impede or hinder data interoperability. However,
an encouraging result of the survey is that it is becoming more
and more widely accepted that one way to solve or minimize the
impact of such issues is the adoption of standards, especially
when dealing with the urban scale, as the number of (“smart”)
applications consuming heterogeneous data is continuously
growing. Furthermore, understanding the current applications
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of 3D city models can assist in creating the necessary software
support.
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