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Abstract
Geospatial analysis and visualisation can be used to gain knowledge about land use structure and its changes on different spatial
scales, which in turn is key to unlock the potential for sustainable land use development. This editorial provides a frame to a set of
papers of the topical collection “Innovative approaches, tools and visualization techniques for analyzing land use structures and
dynamics of cities and regions”, whichwas initiated in conjunction with the 2017 International Land Use Symposium taken place
in Dresden, Germany. It first introduces current, urging land use, development and management challenges. Further on, the
editorial presents the individual contributions and reflects their affiliation to the themes “Mapping and Monitoring Approaches”
and “Planning, Decision Support and Participation”. Although the objectives, methods and underlying data used in the papers of
this topical collection greatly vary, as pieces of a puzzle they contribute to a better analysis and understanding of current and
future land use structures and dynamics of cities and regions.
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Sustainable land use development is a pressing challenge all
over the world. As the world’s population continues to grow,
more and more people will be living in cities. Land as a finite
and shrinking resource must be treated with particular care.
Urban areas are currently expanding at rates twice as high on
average as population growth, covering about 0.5% of the
planet’s land area (Angel et al. 2011). Despite their relatively
small area, urban land cover change is driving global environ-
mental change, threatening biodiversity and reducing ecosys-
tem productivity through loss of habitat, biomass and carbon
storage (Seto et al. 2012). Forests, for example, provide hab-
itats for millions of species and are an important producer of
clean air and freshwater and play a crucial role in mitigating

climate change (Canadell and Raupach 2008). But, these areas
are in danger. Urbanization and the associated international
demand for agricultural products for food lead to deforestation
(Defries et al. 2010). The demand for land, food and energy
leads to land use conflicts, especially severe along production
systems and supply chains and in peripheries and hinterlands.
Haber (2007:363) talks in this context about so-called “eco-
logical traps”, which are a complex environmental problem
and, in addition, to climate change and the loss of biodiversity,
a major threat to humanity and the planet.

We are currently experiencing unprecedented soil degrada-
tion and the loss of arable land (Döös 2002). Droughts and
desertification are increasing every year, impoverishing the
population and leading to the extinction of endangered animal
and plant species. The SDGs established by the UN (United
Nations 2020) aim to preserve and restore the use of terrestrial
ecosystems such as forests, wetlands, arid areas and moun-
tains. Measures must be taken urgently to reduce the loss of
natural habitats and biodiversity, which are part of our com-
mon heritage (Goal 15, United Nations 2020). This requires a
responsible land policy and management with many good and
creative ideas, innovative instruments, meaningful measures
and powerful actors at all decision-making levels. Spatial
modelling and visualization of land use and its dynamics by
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means of suitable indicators play a central role, because they
provide basic information for meaningful decision making.
Only in this way, the gradual land change, such as caused
by urban sprawl, can be brought into the consciousness of
citizens and politicians (Rindfuss et al. 2004; Siedentop and
Fina 2010; Herold 2018). The availability and quality of
geodata and information services are constantly increasing.
With the Global Human Settlement Layer (GHSL), for exam-
ple, open data on the human environment are available with
global coverage (Pesaresi et al. 2016). This data enables glob-
al analyses of the growth of built-up areas and population over
the last 40 years at a new level of detail. However, the pro-
cessing of large amounts of data (Big Data) lead to new chal-
lenges (Jiang and Shekhar 2017; Li et al. 2016; Lee and Kang
2015).

Introducing and discussing innovative approaches, tools and
visualization techniques for analysing land use/cover structures
and dynamics of cities and regions was the intention of this
topical collection. The collection was initiated in conjunction
with the International Land Use Symposium held in Dresden,
Germany (http://ilus2017.ioer.info). It was aimed at academics in
the fields of spatial sciences, information sciences, computer
science, environmental studies, geography, cartography,
GIScience, urban planning and architecture. Contributions
focus on the question how recent developments in geospatial
analysis and visualization can lead to better indicators, tools
and decision support for urban and landscape planning.

The topical collection consists of seven contributions
subdivided into the two sections: mapping and monitoring
approaches (1) and planning, decision support and participa-
tion (2). The contributions were subjected to a rigorous scien-
tific peer review and each of which offers a new approach, tool
or visualization technique for analysing and understanding
land use structures and/or its dynamics in their many facets.

Mapping and Monitoring Approaches

Four contributions propose novel mapping and monitoring
approaches for certain land use and cover phenomena such
as soil sealing (Schmidt and Barron 2020), building density
(Sikder et al. 2019), urban green volume (Frick and Tervooren
2019) and land surface temperatures (Rongali et al. 2018).

Schmidt and Barron (2020) present a GIS-based mapping
approach of impervious surfaces combining vector data (mu-
nicipal cadaster, green area cadaster and OSM data) and high-
resolution airborne imagery (coloured infrared imagery with a
spatial resolution of 10 cm). The German city of Mannheim
serves as a testbed for the representation of pervious and im-
pervious surfaces. Misclassifications, which are influenced by
unsatisfactory vector data and temporal discrepancies between
aerial photographs and cadastral data, can be observed mainly
on parking lots, railway tracks, allotment gardens, cemeteries

and sports fields. The paper illustrates very clearly the prob-
lem of developing a consistent and reliable mapping approach
for impervious surfaces, which will subsequently support the
comparison of cities. Especially from the perspective of na-
tional and international urban statistics and against the back-
ground of sustainable landmanagement, it is essential to focus
on a coherent approach.

Up-to-date spatial data on urban infrastructures as base for
sustainable decision making and urban planning is—
particularly for the many fast-growing cities in developing
countries—both valuable and rare. To address this
challenge, Sikder et al. (2019) present a spatial analysis ap-
proach to gain knowledge about the building structure of
Dhaka, Bangladesh, that is among the fastest-growing cities
in South Asia and, according to United Nations (2008), ex-
pected to become the world’s third largest megacity. The anal-
ysis was based on Moran’s I and Gini indices applied to a
public sector building data set. The variability of the estimated
spatial statistics in buildings and their use is interpreted ac-
cording to clustering patterns with the location of the central
business district (CBD) as well as the public bus transit infra-
structure (routes and stops). The insights gained will most
certainly support local data-driven planning and decision
making; important information on uncertainties and model
sensitivities, however, are still subject to further research.

In addition to the building structure, green infrastructure is
of central importance, as it is significant for many aspects of
urban life and urban planning. Frick and Tervooren (2019)
present a framework for capturing andmonitoring urban green
volume with high spatial resolution based on multi-temporal
and multi-sensor remote-sensing data, in particular aerial ste-
reo images, QuickBird, WorldView 2 and 3, Sentinel 2,
HRSC, as well as LIDAR. Based on the example of a case
study in Potsdam, Germany, it was shown that this approach
can be used to build long time series over 25 years. The results
therefore offer the opportunity to analyse urban development
in detail with regard to green infrastructure and to better un-
derstand underlying urban planning processes. In addition, the
data provide a good basis for adaptation to climate change, for
example, to avoid heat stress. Such data also provide a good
planning basis for climate change adaptation efforts, for ex-
ample, in the planning of urban green spaces in connection
with the prevention of heat stress.

Global climate change poses risks to land-based human
systems and ecosystems (IPCC 2020). The relationship be-
tween land use and climate is complex. On the one hand, land
cover (shaped by land use practices) has a long-term effect on
the global concentration of greenhouse gases and is thus an
important driver of climate change. On the other hand, a
changing climate can lead to changes in land use/land cover
if, for example, farmers have to adapt their traditional crops,
the population flees because of a lack of water or the water
level rises, leading to conflicts with settlements in coastal
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areas. Against this background, Rongali et al. (2018) present
an approach to mapping the land surface temperature (LST)
using Landsat 8 Thermal Infrared Data. A validation on an
area in India (Beas River basin in India) showed that the esti-
mates differ from the true measured air temperature by up to
5 °C at a maximum.

Planning, Decision Support and Participation

Three other contributions are very practical and present tools,
frameworks and processes in the context of planning, decision
support and participation.

Despite the trend towards concentrated urban population
growth, many cities are suffering from severe depopulation
(or shrinkage), which is leading to increased vacancies and
the abandonment of buildings. As a result, cities are now
looking for ways to more intelligently inventory and manage
shrinking neighbourhoods through “Smart Shrinkage”. The
contribution of Newman et al. (2018) examines current ap-
proaches to managing empty urban land through case evalua-
tions and uses the results to develop an applied strategy of
smart shrinkage for the conversion of empty land. Using land
use forecasts, future development is first modelled and a GIS-
supported development suitability model is used to evaluate
options for action down to the parcel level. The results indicate
that the forecasts require the introduction of policy mecha-
nisms that allow land to be converted for non-residential pur-
poses in a way that is compatible with existing demand.

Strategic spatial plans serve to plan the future development of
urban regions. A great challenge is the appropriate cartographic
representation. The presentation of information in spatial plan-
ning documents rarely allows for clear visualisation, as the plan-
ning intentions are often very fragmented into text, graphics,
tables, diagrams and maps. Palka et al. (2018), therefore, present
a visualization approach that allows planning intentions derived
from strategic spatial plans to be translated into new pixel-based
synthetic maps that enable a better understanding of spatiality.
Their methodological approach is demonstrated with the case
study Copenhagen, Denmark. By visualising the very heteroge-
neous data found in strategic spatial plans, the proposed approach
offers an opportunity to establish a new link between the objec-
tives and means of spatial planning and their spatiality. As the
authors point out, this could reduce the gap between spatial plan-
ning and land changemodelling by translating the heterogeneous
information of spatial planning documents into meaningful and
exploitable data.

In addition to a good communication of planning inten-
tions, participation plays an increasingly important role. This
is particularly important in the context of urban development,
where the needs of a large number and diversity of people
must be met. Digital tools are used to support collaborative
design processes. The contribution by Hofmann et al. (2020)

addresses the issue of evaluating such participation processes
in order to prove that the necessary costs and efforts are justi-
fied. To this end, evaluation criteria are developed which, as
the authors note, are also used as indicators to assess the value
of the process in its initial phase in order to avoid failures and
increase the democratic value from the very beginning.

On behalf of all authors, the guest editors hope that this
topical collection in the Springer Journal of Geovisualization
and Spatial Analysiswill contribute to promoting interest in this
specific topic. The contributions have shown how diverse the
approaches, used methods and data used are. Each individual
contribution of the topical collection forms a piece of a puzzle
to better describe, analyse and understand land use structures
and dynamics of cities and regions.
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