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What kind of tools do landscape architects need to inform their designs with the
abundance of knowledge available to us in Open Access data - in the era of 'Big
Data'? Although the majority of landscape architects already integrate GIS data
in their work, it is often only for analysis purposes and also only with data
already integrated in their own country's GIS system. Without further processing,
the graphic output formats often cannot reach a state that can be readily
integrated into the design process. Students often have a negative stance towards
GIS and the software programs associated with it especially within teaching. For
the past three years, we at the Chair for Landscape Architecture of Professor
Girot (ETH Zurich) have been researching at the potential for students to gain an
understanding of the validity of site-specific data by creating coded programs
that interactively integrate this information as parameters in the next step of the
design process. The key to the entire processing chain is the use of an explorative
approach to understanding data as the basis for making decisions.
Keywords: Datascapes, Data Communication in Landscape Architecture,
Interactive Data Visualization, Evaluation, CAAD Education

BACKGROUND
Currently we ﬁnd ourselves in an era of 'data overload': almost anything is publicly available from geographic data and this data in combination with
technical data. Diﬀerent geobasis data in high
quality and coverage is available through diﬀerent
sources within Switzerland, such as the Open Government Data Portal, as well as through the Swiss
Federal Oﬃce for the Environment (BAFU). Not al-

ready recorded data can be gathered through the use
of UAV's in combination with sensors quickly and easily. The question today is no longer how one obtains data, but rather which data possesses designrelevant signiﬁcance and how this data can be interpreted (Fig.1). When one observes the development of data visualization at present, it quickly becomes apparent that people from various professions
such as journalists, doctors, and scientists have al-
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ready begun with the professional generation of science maps. The mapping of scientiﬁc or knowledge
domain visualization is a relatively new ﬁeld, which
had its breakthrough in 1999. Its goal is to communicate the dynamic and changing structure of science
and technology (Börner 2010). If done successfully,
visualizations can provide a very intuitive and eﬃcient "interface between two powerful information
processing systems - the human mind and the modern computer." (Gershom et al. 1998).Landscape architects are currently challenged to create multiple
software platforms to communicate and exchange
data information for a new digital workﬂow. (Marble eds. 2013).The work often resembles a search
machine; one is only able to ﬁnd truly relevant data
in the ﬂood of information by creating customized
tools. Therefore, it is essential that one looks beyond
one's own area of expertise and establish participative work processes that can strengthen the quality
of the landscape architecture (Bertin 1981).
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FROM DATA MAPPING TO MEANINGFUL
DESIGN TOOLS AND THEIR USE IN THE
CURRICULUM
In the Chair of Professor Girot we engage with current challenges of large-scale landscape architecture.
Design tasks seem to have changed fundamentally in
this day and age. Which parameters are truly relevant
today? Landscape architecture should be strengthened as an integrative discipline with a deeply anchored tradition in the forming and perpetuation of
nature. We describe this approach as "Topology - A
new measure of quality in landscape architecture."
(Girot et al. 2013). As Professor Christophe Girot
states: "Topology is meant to weave meaningful symbolism back into a particular place by understanding
its terrain and surface condition and by modifying
the inherent signiﬁcance of natural features as they
interact with the purpose of man, his daily life and
destiny." An elementary component of this approach
is a comprehensive understanding of a place, which
can be gained using highly specialized tools that allow the landscape architecture to discover and comprehend elementary facets within the system. Dur-

Figure 1
Transitory
Landscape by MAS
LA students
Karolina Katsabi
and Ioulitta Stavridi.
The interactive map
represents the
interaction of the
human movement
and nature. The site
speciﬁc data is
inﬂuencing the
local qualities.
Through carefully
chosen visual
representation
techniques the
diﬀerent elements
are able to interact.
The background
grid expresses the
movement and
continuous
transition of the
site. Its density is a
visual
representation of
the shadow within
the valley. Diﬀerent
site data elements
(noise, silence,
density...) are
evaluated by the
size of the squares.

ing the one-year-long postgraduate program "Landscape Architecture Design Simulation": Master of Advanced Studies in Landscape Architecture (MAS LA),
we link this approach with the development of specialized tools from the area of information technology (http://www.girot.arch.ethz.ch/masla). The MAS
LA works within a range of technical and design inputs, theoretical issues and discussions, as well as
feedback from international specialists from landscape architecture and CAD-CAM to Landscape Design Simulation. The program tackles current problems and investigate new workﬂows, which can be
evaluated and applied experimentally to current sitespeciﬁc issues. A central element is therefore the
learning of programming languages, in order to be
able to develop customized tools that can be controlled during the entire design process independent
of market-leading providers.

INSIGHT INTO THE MODULE 'PROGRAMMING LANDSCAPE'
Within the four-week-long module we probe the possibilities of 'digital mapping'. According to James Corner "... the function of mapping is less to mirror reality than to engender the re-shaping of the worlds in
which people live." (Cosgrove, ed., 2002). This comment illustrates the complexity, but also the problematic of the term. With regard to the 'topological'
approach of Chair Girot, our research and teaching
intention focuses not only on making data available
and easy to understand, but also searching for pos-

sibilities for creating database-developed tools. The
correct interpretation of data and its controllability
are skills that have to be learned in order to avoid the
generation of randomly complex designs, for example through the shifting of properties in Grasshopper.

Teaching 'Programming Landscape'
The main task of the four-week-long module is to program software that can create an interactive map of
the project site. The map is to visualize the relevant
data and their correlations for each design. Here, the
manner in which the data is visualized is kept completely free and should consciously go beyond traditional drawing methods. We take the same principle
as a basis for all of the programs: the students create a layer for all of the required information, for example the site's grade in a monochromatic visual or
urban areas in a colorful bitmap. During initialization,
the software develops its own information layer, such
as the calculation of visibility or the distance from a
street (Fig. 2). In order to actually draw the maps, the
students ﬁrst choose a position from one of the algorithms they developed themselves. This either happens randomly or on a matrix. Our aim is not to keep
the analysis of the data as relevant to the qualities of
place as possible to avoid unnecessary abstraction.
For this purpose, the values for a certain place can be
read from all of the layers of information. Only then
is it possible for one to decide what to focus on and
how the map should be drawn.

Figure 2
Highway-visibility
the height map, the
road network, the
average visibility of
the highway (from
left to right).
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Landscape analysis library for Processing
The programming language Processing allows us to
introduce students who have no programming experience into the foundation of programming. At the
same time, the possibilities of Processing are almost
unfathomable, because it is expandable indeﬁnitely
through libraries. For our module, we developed
a library in Java that allows one to investigate the
properties of 2.5D landscape models through simple commands. In this manner we can make the results of complex algorithms available without having
to leave the programming environment. Depending
on need, we can very easily expand the library by
providing the students with the functionalities they
need, even during the current module.The library
works with several landscape model layers such as
an orthogonal raster containing cell color, numerical,
or Boolean values. Any kind of pixel graphic (i.e. a
height map or color marker) can be used as input.
In addition, diﬀerent types of raster provide the data
models for calculated results from the diﬀerent functions. In addition, each raster used for debugging
can be rendered again as a primitive visualization
aid. A raster of numbers can be rendered again as a
grayscale height map, for example, in which the highest value is depicted as a white pixel and the smallest
as a black one.

Overview of the raster methods
Visibility. A raster of ﬂoating point values used as a
height map can calculate the visibility of all cells from
a chosen standpoint: the result is a Boolean raster.
This method can also calculate the proportionate visibility for several cells and deliver the corresponding
number raster. (See Fig. 2 Highway-visibility)
Distance. In order to be able to calculate distance
while taking into account obstacles, we use the ﬂood
ﬁll algorithm (http://en.wikipedia.org/wiki/Flood_ﬁll). In doing so, we set a reference from any number of cells (for example all the cells along a street)
whose value is set to 0, and ﬁll all of the neighboring cells step-by-step with a distance value of +1 and
their neighbors in turn until the entire raster is ﬁlled.
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The result is a number raster with distances approximated for all cells from the start cell.
Site gradient. A height raster of normal vectors can
be calculated for any place. In addition, the steepness
of a site can be determined for the cells as well.
Expandability. If additional features become necessary during the course, we can simply expand the library and place a new version for the students on the
server.

Module results
The program of the students Angelos Komninos and
Iro Theodoropoulou shows a "Map of Panoramas"
along a designed path system. During the concept
phase, the students were concerned how strongly
the various parameters: water, vegetation, urban factors and infrastructure inﬂuence the panorama along
the path system. This complex question is not easy
to examine using conventional methods. Even the
visibility analysis functions of ArcGIS cannot provide
adequate graphic output formats, which in turn cannot be combined with the design language. The software model developed by the students divides the
entire site into a raster and determines the height as
well as character (water, forest, city, etc.) for every
cell. The algorithm calculates the character of all visible cells of this model in all directions for any chosen standpoint.The environment is observed radially
along the designed path system and subsequently
each ray is drawn based on the frequency and direction of the corresponding symbols. The result is
a 'panorama typology' along a path. In a next step,
the students can use the knowledge gained to interactively change the path system and test it in the
generated 'panorama typology'. Since the site is situated in a very complex topographic area, the Reusstal
(CH), the ﬁrst great challenge lays in gaining an understanding of the existing landscape. In order to
converge on this theme, the team developed an algorithm that orients itself on an historical drawing
principle for drawing the heights of a site. An analogous principle assumes that respective middle of
the highest points is known in order to draw rays out

from them aligned in the direction of the slope. The
drawn result resembles a representation of the sun.
The software generalizes the principle for any location in the site: rays are drawn independent of the
height from the starting point, but these only stretch
as far as they lie deeper than the starting point. The
result of ten thousand of these rays or 'suns' awakens associations of a ﬁne pencil topographic drawing
and underscores the steepness and change between
steeper and ﬂatter areas of the site in a remarkable
manner, without the determination of and preliminary analysis of the algorithms of these areas. The
image in the end is made up of the synergy of the
many thousands of drawn elements (Fig. 3)

REFLECTION ON 'PROGRAMMING LANDSCAPE'
The general stance of the MAS LA program in dealing with current trends in information technology is
to show students the potential of an experimental
combination of diﬀerent tools for design. The individual components have been built up thematically
and methodically so that the students ﬁrst learn how
to develop tools for collecting site-speciﬁc data. This

knowledge complements with design relevant questions that can be reﬁned through analysis and visualization techniques (Contin, Paolini, Salerno, ed.,
2014). After the students command wide-ranging
knowledge and are able to formulate speciﬁc tools
for their individual design, the module 'Programming
Landscape' introduces a new tool. The students learn
a playful, creative, and in a positive manner, naïve,
approach by writing software that they should also
maintain. Through this approach, we hope to cultivate the greatest creativity as well as faithfulness to
the design theme. If the approaches become to narrow, the students are discouraged from changing elementary assumptions. In addition, preliminary results often tend to reﬂect truths that are no longer
questioned. The results of the programs are given
too much importance, thereby inﬂuencing the design process stronger than they should. Through the
described programming methods, there is no preliminary assessment of a place, but rather on begins to
draw all of the locations at the same time. This requires that, for example, extreme values like global
maxima and minima of a place are not referenced.

Figure 3
Module result: The
drawing is made of
ten thousands of
homogenous
strokes. Each is
drawn concentrical
around randomly
picked points and
extended until it
surpasses the
height of the
starting point.
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OUTLOOK
In order to be able to better control the interaction
between data visualization and its direct inﬂuence
on the design, we are currently researching possibilities for linking knowledge from the area of 'data
mining' with respect to landscape architecture and
GIS areas. Commonplace data mining tools are currently able to ﬁlter and group information from vast
arrays of data, visualize, as well as characterize theme
at a meta level, for example with respect to current
trends and ideas. We especially recognize great potential for landscape architectural questions in the
grouping of data in meaningful ways. Until now, we
usually integrated speciﬁc geo-referenced databanks
in the programs. The interplay arising from knowledge gained from the databanks poses the next challenge. In order to be able to explain complex relationships, user interactions are optimal. Libraries
such as "Data-Driven Documents" (http://d3js.org)
provide optimal premises. In order to bring the presentations to the Web, we will abandon our former
Java-based programming language Processing and
instead use Javascript. Since Javascript follows multiple programming paradigms, it is diﬃcult to develop a clear didactic concept for programming beginners. Therefore, the module is based on the library p5js (http://p5js.org), developed by the Processing Foundation precisely for this task. The iterative process described by Katy Börner (K. Börner,
2014) or 'visual encoding process' poses a didactic
and methodological foundation for result-oriented
'intuitive-workﬂow-design'.
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