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Abstract

The revised Swiss Spatial Planning Act (RPG 2016) pursues the goal of inward settlement
development to slow down urban sprawl and better protect arable land. This needs to be
addressed in planning processes, as quality-oriented and sustainable internal densification
is required. The Geodesign Framework by Steinitz is suitable for supporting such planning
processes with public participation, where models and visualizations help to convey the
complex systemic interrelationships to stakeholders. This paper presents a process model
based on Geodesign that integrates GIS and Parametric Design, so that effects on internal
densification caused by changes to building regulations can be quantified and
communicated. In addition to an overview of the process model, selected results from its
tests and verification are presented. The results suggest that the model approximates real
interrelations well and is a suitable basis for further work.
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1 Introduction

1.1 Motivation

With the revised Spatial Planning Act (RPG 2010), the issue of internal densification has
gained further importance in Switzerland. The revised planning objectives aim to limit the
growth of settlements and focus on inward development in order to slow down urban sprawl
and better protect arable land (RPG, 2016). The Confederation, cantons and municipalities
must adapt their planning objectives and instruments accordingly. This calls for greater
attention by planners and architects, as quality-oriented, sustainable internal densification is
required (Angélil et al., 2016).

Assessment of the quality in dense settlement structures requites a holistic approach to
density which takes into account not only built density but also other influencing factors
(Angélil et al., 2016; Grams, 2015, pp. 11-13; Schmid, 2007). These influences need to be
considered because they are closely associated with various obstacles to densification,
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obstacles which must be overcome by creating acceptance among the public and politicians
in order to successfully implement inward settlement development (Bundesrat, 2017; Grams,
2015, p. 77). Since public involvement in the revision of planning instruments is crucial, a
combination of informal and formal procedures with varying degrees of participation is
recommended (Grams, 2015, p. 123; Van Wezemael et al., 2014).

Geodesign and in particular the framework proposed by Steinitz (2012) are a suitable basis
for the design of such participative planning processes (Moura, 2015; Wissen Hayek et al.,
2016). Test planning as a cooperative planning procedure also has the potential to identify
possible solutions and to support the development of a common understanding through the
compatison of competing ideas (Grams, 2015, p. 64; Scholl et al., 2013). Due to the limited
specialist knowledge of politicians and the public alike where planning is concerned, the
procedures involved require target-group-specific communication of the complex planning
issues (Scholl et al., 2013; Van Wezemael et al., 2014). Models and visualizations are suitable
tools whose importance increases with the complexity of the planning questions (Van
Wezemael et al., 2014; Walz et al., 2008).

1.2 Goals

The Dencity competence area for Urban Development and Mobility at Berne University of
Applied Sciences uses Parametric Design as part of test planning to communicate the effects
of densification on space. Although some spatial data is used as input, its integration into the
design tools used is often inadequate. The goal of this paper is to present a process model to
supportt test planning, which is based on the Geodesign framework proposed by Steinitz
(2012) and systematically integrates GIS with Parametric Design. The model was developed
in a UNIGIS Master’s programme and first presented in Schaller (2018). It aims to quantify
and visualize different scenatrios to more easily evaluate and communicate the effects on
internal densification caused by modifications to abstract building regulations. The selection
and integration of suitable spatial data, and a parametric model form the basis for the
generation of densification variants. This model supports relevant building law parameters as
well as the analysis and assessment of density in the actual situation and in variants generated
by using selected indicators.

First, the process model’s background and the methodology are summarized. This is
followed by an overview of the model’s structure and implementation. Selected results from
the application on two test sites are presented. During development, these sites served as
means to verify the model’s transferability, and as a basis for an evaluation of the process
model in an expert workshop as well as for a sensitivity analysis of the central parametric
model. Finally, the results are discussed and conclusions are drawn.
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2 Literature Review

2.1 Parametric Design

Jabi (2013) defines Parametric Design as a process based on algorithmic thinking that allows
the expression of parameters and rules that together define, encode and clarify the
relationship between the intention and the response of a design. This process depends at its
core on suitable tools and parametric models, which is why the term Parametric Modelling is
also used in this context (Frazer, 2016; Janssen and Stouffs, 2015; Monedero, 2000). A
parametric model implements the algorithmic thinking in the parametric design process as a
concrete algorithm (Patrick Janssen in Frazer, 20106). In a review, Monedero (2000) identifies
five approaches to parametric modelling, which differ primarily in the way parameters as well
as constraints are defined and considered when generating geometries. Janssen and Stouffs
(2015) propose a generalized model for parametric modelling based on directed acyclic
graphs, and derive a taxonomy for parametric modelling approaches from it. The model’s
central differentiation criterion is the type of iteration that it supports (Janssen and Stouffs
2015). The model and taxonomy facilitate the categorization and understanding of common
methods of parametric modelling.

2.2 Geodesign

Geodesign can be defined as spatial planning based on scientific knowledge supported by
GIS (Dangermond, 2010; Goodchild, 2010). It follows a systemic approach that links design
and science by integrating data, analysis and methodologies based in science into the design
process. It considers critical environmental, social and economic factors from the outset,
thereby improving the quality and sustainability of the process results (Dangermond, 2010;
Foster, 2016; Goodchild, 2010; Steinitz, 2012). GIS is vital for the administration,
processing, analysis and visualization of the spatial data required in the process
(Dangermond, 2010; Goodchild, 2010; Steinitz, 2012). In addition to work by McHarg
(1969) on landscape planning, which anticipated central aspects of both Geodesign and GIS,
the ideas and work of Carl Steinitz in particular have contributed to the establishment of
Geodesign in its current form (Dangermond, 2010; Goodchild, 2010). This led to the
development of a comprehensive framework for Geodesign (Steinitz, 2012). The
framework’s structure and questions show parallels to other process models for design, but it
is an open framework for defining individual Geodesign processes rather than a fixed
process (Foster, 2016). It includes an iterative approach and the involvement of actors from
the fields of design, science and society (Steinitz, 2012).

2.3 Spatial planning and settlement development

The overarching objectives of Swiss spatial planning, which is coordinated between the
federal levels, are the appropriate and economical use of land as well as the orderly
settlement of Swiss national territory (BV, 1999). With the revision of the Spatial Planning
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Act, the planning objectives were adjusted to slow down urban sprawl and better protect
arable land (RPG, 2016). Settlement growth is to be contained and settlement development
to be directed inwards. This inward development must be carried out with due regard to
appropriate quality of life.

In addition to built density, other factors such as social intermix, green space, transport
infrastructure and townscape must be considered in assessing the quality of densified
settlement structures (Angélil et al., 2016; ARE, 2007; Schmid, 2007). This is reflected in
vatious density concepts, such as built density, regulatory density, space user density,
population density and social density (Spiegel, 2000). These diverse influencing factors must
also be taken into account because they are connected to vatious socio-cultural, legal,
technical and economic obstacles to the acceptance of densification (Bundesrat, 2017).
Overcoming these obstacles and creating acceptance among the public and politicians is
crucial for successful inward settlement development (Bundesrat, 2017; Grams, 2015, p. 77).
The results of the interdisciplinary National Research Programme (NRP) 65 New Urban
Quality (NFP65, 2017) provide pointers for the implementation of quality-oriented
settlement development. The programme included projects on the fundamentals for
determining sustainable settlement development patterns (Wissen Hayek et al., 2013), for the
analysis of urban potentials and the development of strategies in metropolitan territories
(Angélil et al., 20106), and for the design of municipal development processes and political
planning strategies (Van Wezemael et al., 2014).

For sustainable planning and implementation of internal densification, locally adapted
approaches and strategies involving the population affected are necessary (Grams, 2015; Van
Wezemael et al., 2014; Wissen Hayek et al., 2013). Test planning as a cooperative planning
procedure can contribute to the formation of a common understanding, to answering
questions, and to communicating the need for densification, by weighing up different test
drafts in a dialogue between the client, planners and public (Grams, 2015, p. 64; Scholl et al.,
2013). Target-group-oriented communication is important in such planning processes due to
the limited expertise in planning among politicians and the public (Scholl et al., 2013; Van
Wezemael et al., 2014). Models and visualizations are valuable tools whose importance as a
basis for decision-making increases with the complexity of the planning issues (Van
Wezemael et al, 2014; Walz et al, 2008). Regarding densification, three-dimensional
representations and parametric models especially can help to illustrate the existing structures
of the built environment, reserves for potential internal densification, and the effects of
modifications to building law as well as the resulting densification of space (Beirdo et al.,
2012; Grams, 2015, 150; Neuenschwander et al., 2014).

2.4 Parametric Design and Geodesign in spatial planning and settlement
development

In architecture and planning, the potential for the application of Parametric Design and
Parametric Modelling exists (especially in projects that aim to find solutions to complex
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problems) that takes into account influences from society and the environment (Frazer,
2016; Mehafty, 2011). Parametrically prepared zone plans to convey the effects of planning
processes (Moura, 2015; Wissen Hayek et al., 2014), integration of green spaces in settlement
structures (Neuenschwander et al., 2014), and designs and analyses of entire cities (Beirdo et
al., 2012; de Monchaux, 2010) are all examples from the field of spatial planning with just
such potential for the application of Parametric Design and Parametric Modelling. When
using parametric models in the context of Geodesign processes, inputs from GIS and other
models ensure that design decisions are based on verified information and in consideration
of the spatial context, thus avoiding results that are guided purely by aesthetic considerations
(Beirdo et al., 2012; Goodchild, 2010; Mehafty, 2011). In general, the systemic approach and
the integration of methods from different disciplines ensure the necessary
comprehensiveness and sustainability within the process (Dangermond, 2010). Applications
of Geodesign in the context of spatial and utilization planning show that Steinitz’s
Framework is a suitable basis for planning processes in these areas, especially because of its
openness and the emphasis on participation by the public affected (Moura, 2015; Wissen
Hayek et al., 2010).

3 Methodology

3.1 Development and verification

The process model was developed using a test site in the municipality of Langenthal, which
had already been the subject of a densification study by Dencity (Gilgen, 2016). After the
first version of the model had been completed, the model was applied to a second, larger site
in the municipality of Wohlen bei Bern, to demonstrate its transferability. Both sites have
similar peri-urban characters, although the Langenthal site leans more to the urban and the
Wohlen site more to the rural side. Selected scenarios for the two test sites were defined as
the basis for an expert assessment. They served as input for a workshop with architects and
spatial planners from Dencity. Finally, a large number of densification variants were
generated for the two test sites as the basis for a sensitivity analysis of the parametric model.
For this purpose, all permutations within a predefined set of parameters and value ranges
were systematically generated. The resulting densification variants were analysed for
correlations between the parameters investigated and selected density ratios.

3.2 Data and software used

Pre-existing spatial and statistical data was used as the basis for the process model, including
data from the official cadastral survey (e.g. parcels and land cover), harmonized data on
building zones from the Federal Office for Spatial Planning, GEOSTAT data from the
Federal Statistical Office, swissBUILDINGS 3D 2.0 data from swisstopo with 3D models of
the actual buildings, as well as data from other sources. Where possible, freely available data
was preferred over chargeable data sources. The transferability of the model was ensured by
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using data that is available throughout Switzerland in the same or at least in a similar form
thanks to standardized data models.

With the exception of CAD software Rhino 5 with its Grasshopper extension for parametric
modelling, this work used open-source software. The central parametric model programmed
in Grasshopper was inspired by similar models employed by Dencity. However, the
parametric model pursues different approaches, especially when it comes to the integration
of GIS, the derivation of building footprints by Quadtree decomposition, and the generation
of steep roofs using approximated Medial Axis Transforms. Throughout the process, data is
stored and analysed using the relational database management system PostgreSQL 9.1 with
the PostGIS 2.1 extension for handling spatial data. QGIS 3 serves to edit, analyse and
visualize spatial data. The R statistical package is used to perform additional analyses and to
generate visualizations. The Python scripting language serves to automate and integrate
different parts of the parametric model, including the implementation of interfaces for spatial
data integration using GeoJSON as the interface format, the export of R-based calculations
as graphics, as well as generating QGIS project files for the creation of reports.

4 Process model to support planning of urban densification

4.1 Overview

The process described by Steinitz (2012) for the elaboration of Geodesign processes was
applied to develop the process model shown in Figure 1. The framework served to structure
not only the work, but also the process model itself. The result is a version of the Geodesign
Framework tailored to the question of internal densification. It is intended to be used for test
planning within informal planning procedures. The process model is designed as an
integrated model for internal densification, with a coordinated process, data model and
technical support. The model is divided into two phases to understand the current situation,
and to define densification scenarios as well as to analyse them. Both phases are divided into
three steps each. These steps are linked to specific sub-models, which treat aspects of the
overall model. Figure 1 shows these steps on the left, while the technical implementation is
indicated in the middle, and the associated activities are listed on the right.
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Figure 1: Overview of the process model for supporting test planning of internal densification

4.2 Analysis of the actual situation

The first phase of the process aims at understanding and evaluating the current situation in
the project area. The first step maps the project area within the Representation Model. For
this purpose, a spatial database that includes various data from different sources was
established. The resulting central PostGIS database, which combines all data required for the
process model, serves as input for the analyses and application of the parametric model in
the subsequent steps.

In the second step, an analysis of the actual situation is carried out with the Process Model to
create an understanding of the density and the (spatial) interconnections in the project area.
To this end, selected key figures provide a comprehensive view of density from different
perspectives. A group of indicators analyse the structure of the current building based on
typology, building height, number of storeys and floor area. These factors not only influence
the perception of the space and its quality in terms of architecture and design, but also
indirectly influence the achievable density (Angélil et al., 2016; Grams, 2015). A second
group of indicators quantify built density expressed in terms of floor area, building volume,
built-up area, as well as ratio of open space. This ratio also contributes to the quality of
density, since the appropriation as well as the use of open spaces are part of (urban) quality
and contribute to social density through interactions between people (Angélil et al., 2016;
Spiegel, 2000). Aspects of social density are addressed by a third group of indicators, which
include statistics such as space user density, employee density, population density, housing
density, household density, and the average living space per inhabitant. Additional contextual
information, such as the planning zones and access to public transport, supplements the
indicators. Most of the key figures are prepared directly in the central database, while some
statistical evaluations are carried out in R.
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In the third step, the results of the analysis serve as the basis for the evaluation, within the
Evaluation Model, of the actual situation by decision-makers. This step of the Geodesign
process was mostly left open in Schaller (2018), as it must be adapted to the individual
process and requites the participation of the decision-makers concerned. Subsequently,
however, to support the evaluation visualizations were developed using R and QGIS, which
prepare the analysis results and key figures in the form of interactive maps and reports for
decision suppott.

4.3 Definition and analysis of densification scenarios

The aim of the process model’s second phase is to explore and communicate the effects of
internal densification in the project area. The parametric model for generating densification
variants, which implements the Change Model in the fourth step, is central to this goal. By
defining scenarios with differing parameter values, the parametric model can be used to
generate new densification variants with little effort. The input parameters are based on the
Intercantonal Agreement on the Harmonization of Building Terms (IVHB, 2005), which
facilitates the transferability of the model to different parts of Switzerland. The parameters
selected include minor and major boundary setbacks, maximum number of storeys, storey
height, maximum building height, the type of usage, and the associated usage ratio. In
addition to these parameters, the model uses spatial data for parcel geometries and distance
lines as input to generate and visualize densification variants. An elevation model, 3D models
of the actual buildings, and road surfaces are used as additional spatial inputs for the
visualization. The central database serves as a source for the input data and for storing
scenarios and variants generated by the model. Due to the integration of the various parts of
the process model’s technical implementation, the parametric model plays a central and
coordinating role in the process model.

In the fifth step, the densification variants generated are analysed for their effects on the
project area using the Impact Model. In addition to 3D visualizations, a subset of the key
figures of the Process Model in step two is used. This allows a comparison between the
variants and the actual situation. The focus lies on structural density indicators,
supplemented by indicators for space user density, employment density and population
density, and living space per inhabitant.

In the sixth and final step, the Decision Model aims at the evaluation and selection of
variants, which will serve as a basis for further work. Like step three, the involvement of
decision makers and the choice of specific variants in step six was left open (Schaller 2018),
as it is necessary to adjust it to the concrete planning process. Again, analysis results are
processed into decision support documents. Their structure is based on the reports and
visualizations used to evaluate the actual situation, which facilitates a direct comparison.
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5 Results

Figure 2 illustrates the use of the parametric model on the Langenthal site using selected
outputs and visualizations from one of the scenarios used for the expert review. In an
iterative application, the model outputs provided indications for how to fine-tune scenario
parameters for the review. In addition, these applications provided inputs for the selection of
parameters and value ranges used for the sensitivity analysis. Compared to the use of various
tools and plugins in previous models, the handling of spatial data in Grasshopper proved
simpler, since only a single interface with the central PostGIS database needs to be
supported. The Python-based interfaces and component integrations proved to be a reliable
and flexible solution. The upfront data integration into the central database using GIS tools
also contributed to the simplification. The time needed for the application of the process
model to the second test site in Wohlen was significantly reduced, because data structures
and the parametric model could be reused without modification. As the basis for the expert
review, five scenarios for the Langenthal site and four for the site in Wohlen were generated.
For both sites, the generation of the first scenario took the longest time because the
necessary input data for the Representation Model first had to be integrated into the
database. Subsequent scenatrios were generated faster, since the input data could be reused
and only the parametrization had to be newly created. The model’s efficiency was
additionally underlined by the generation of the 4,320 variants that served as input for the
sensitivity analysis. By applying minor additional scripting to the parametric model, the
variants could be automatically generated within a few hours. These were stored in the
database, which served as data source for the subsequent statistical analysis.
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Figure 2: lllustration of the model application and selected outputs

Based on the sensitivity analysis of the model, Table 1 summarizes the observed influences
of input parameters on density ratios in terms of the strength and direction of the influence.
The tendencies were in line with expectations based on the analysis of the scenatios for the
expert review. In the expert workshop, these results and tendencies were judged to be
comparable with those of previous models. Furthermore, the experts evaluated as good the
approximation of actual interrelations between building laws and density indicators.
However, due to some weak points in the parametric model, the results showed lower than
expected densities under certain conditions. The lack of consideration of floor areas in the
roof storey and the too-generous application of the major border setbacks were identified as

reasons. On narrow, elongated plots, those setbacks also lead to unrealistic building shapes
that should be avoided.
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Table 1: Influence of parameters on building density indicators

Parameter gross cubic building

floor content | coverage

area ratio ratio

ratio
Usage ratio ++ + + Influ- | same opposite
Minor border setback . . . ence direction direction
Major border setback -- -- -- strong t+ -
Greenspace ratio - - - weak + -
Number of storeys ++ ++ -
Grouping of parcels + + +

The evaluation of the process model and of the underlying Geodesign approach in the
expert workshop was predominantly positive. The participative aspects, the holistic approach
to density, and the parametric model in particular were highlighted. Regarding the parametric
model, the more realistic representation using approximated steep roofs and the derivation
of the building footprints were regarded as improvements over previous models. In addition,
the potential for broad applicability was attested thanks to the use of the IVHB as a
guideline. Where weaknesses in the model were concerned, the need to carry out tests in
real-world projects and close coordination with existing procedures were noted. Not
restricting the creation of buildings to the extent of building zones in the scenarios presented
was regarded as critical, since this could result in the creation of buildings outside the actual
permitted zones. Furthermore, the additional consideration of minimal setbacks from roads
was deemed necessary for practical use.

6 Discussion and conclusions

In this work, a process model to support test planning in the context of internal densification
was developed. It is based on Steinitz’s Geodesign Framework (2012) and systematically
integrates GIS with Parametric Design. Within the process model, various outputs are
generated based on spatial data and a central parametric model, which support the
quantification and communication of the effects on internal densification caused by
modifications to abstract building regulations. The use of data that are uniformly available
(or at least available in a similar form) throughout Switzerland as well as of the IVHB as
reference for the parametric model favour its transferability. This was demonstrated by the
application to two different test sites. The combination of a database for central data storage
and Python for interface programming enabled an efficient integration between GIS,
parametric design tools and further components.

In line with previous work (Moura, 2015; Wissen Hayek et al., 20106), Steinitz’s framework
proved to be a suitable basis for planning processes and for the process model. The
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application of the process model to the test sites covered large parts of a typical Geodesign
process. However, the lack of a concrete planning project and public participation means
that the process was not complete. Nevertheless, the experiences and results from the
application of the process model, the expert assessment as well the sensitivity analysis of the
parametric model suggest that the model is a suitable basis for individualized Geodesign
processes in test planning. With its systemic approach, together with the selection of suitable
basic data and indicators, the model provides a holistic view of densification. Along with the
participative aspects and the parametric model, these points were emphasized positively in an
expert workshop. The parametric model, which falls into the category Procedural Modelling
according to the taxonomy of Janssen and Stouffs (2015), was judged to be an improvement
over previous models. The expert feedback on selected scenarios and the sensitivity analysis
of the parametric model suggest that its outputs are at least comparable to those of earlier
models, and that it approximates real interrelations between building laws and density
indicators reasonably well. However, the results have shown some weaknesses, which will
have to be addressed before the process model can be used in practice.

In conclusion, approaches like the process model presented here have great potential
regarding planning processes for internal densification. The underlying systemic Geodesign
approach encourages and ensures the holistic approach to density needed to overcome the
diverse obstacles to densification. Parallels between the Geodesign framework and
established planning standards offer starting points for integration with existing planning
processes and procedures. Furthermore, the integration of GIS and Parametric Design may
help to implement test planning processes more efficiently.
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