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ABSTRACT

This paper presents a digital online tool and interaction process that supplies algorithmic analysis 
and predictive simulation for early-stage urban design proposals within the framework of public 
competitions. Specifically, the system supports the decision-making of two user groups: 1) planners 
in the process of developing urban designs proposals and 2) competition juries in evaluating those 
proposals. The system provides instant assessment of the design solutions’ environmental and 
spatial impact regarding selected target criteria such as noise propagation or pedestrian accessibility. 
Enabling the easy testing of functional programs and the identification of feasible trade-offs between 
multiple design targets, the system supports rapid design iterations as well as the objective evaluation 
of proposals. Applied for the first time within an innovative tender format for a new residential and 
business district in Hamburg, Germany, the new toolset paves the way towards a more holistic and 
interactive form of sustainable urban design.
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INTRoDUCTIoN

Urban design and development projects evolve through a complex and lengthy process. From project 
initiation via stages of public deliberation and tendering up to the physical execution of urban and 
architectural designs, a multitude of stakeholders, functional requirements, and target criteria need 
to be coordinated and harmonised (Alexander & Witzling, 1990). Within this process, the results of 
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early-stage urban design competitions play a crucial role, as their procedures and outcomes strongly 
determine the shape and quality of future urban environments (Alaily-Mattar & Thierstein, 2018).

This paper presents ongoing research and innovation cooperation aiming for a novel methodology 
for urban design competitions, with the goal of providing real-time analysis and instant decision 
support.

The key idea is the application of the CityScope, a digital instrument that supplies algorithmic 
analysis and predictive simulation to planners and decision-makers in the various development 
stages of an urban design endeavour. The presented new tool and methodology focus on early-stage 
design proposals and can assess their performance in regards to environmental and spatial impact. 
Iterative, interactive, and participative in nature, the CityScope-based approach aims to “reinvent” the 
conventional formats of design competitions by going beyond their linear and deterministic procedures, 
as well as beyond their limited capacities in terms of urban analysis and simulation. Addressing 
planning offices participating in urban design competitions, the presented tool and methodology help 
to visualize quickly and in detail selected key performance indicators of design proposals while they 
are being generated, or already submitted.

In the context of urban design competitions, the proposed system addresses two specific use 
cases. The first one considers its usage by design studios in the earliest phase of design work, in 
which schematic proposals are drafted that outline elementary functional and spatial features of a 
future urban area. For this case, the system was designed to rapidly deliver information and real-
time interaction which in turn enables urban designers to observe the environmental effects of the 
proposals, to estimate their overall qualitative performance, and to optimize their spatial layout and 
functional programs. For example, the toolset may provide instant answers to questions like: “How 
does the placement of a certain building in a certain location influence the propagation of traffic 
noise in the entire area?” The real-time calculation and visualization of the results may substantially 
enhance the ongoing design work and subsequent decision making processes.

The second use case of the system considers the concluding phases of design competitions when 
multiple designs have been submitted and expert juries assess them. At this stage, the CityScope 
system helps the jurors to evaluate the completeness of submissions, to check their compliance with 
key competition criteria, and to judge the different proposals on the basis of unified and objective 
performance indicators. The comparison of design proposals by way of algorithmic analysis benefits 
an unbiased and transparent assessment process, and also eases the challenge for juries facing the 
task of assessing proposals which were submitted in inconsistent or non-standardized formats (e.g. 
physical models, perspective drawings, text descriptions).

The presented research and innovation endeavour is a cooperation of three institutional partners. 
HafenCity Hamburg GmbH leads the institutional cooperation. It is a city-owned urban development 
agency mandated to develop large-scale projects in the city of Hamburg, such as the HafenCity, 
Europe’s largest inner-city urban regeneration project, which has been under development for the 
past two decades (Christiaanse et al., 2019; Lehmann, 2019 Burdett & Rode, 2018). Two academic 
research groups active in the field of Digital City Science complete the consortium. The City Science 
Group at the MIT Media Lab (Cambridge, Massachusetts) is the originator of the interactive modelling 
technology CityScope, and has explored its potentials for rapid design prototyping and analysis over 
the past decade, branching its application scope into multiple directions over the globe (Noyman, 
2015; Alrashed et al., 2015; Hadhrawi & Larson, 2016). Following that path, the Digital City Science 
at HafenCity University has developed and implemented the adaptation of the existing tool as well as 
the analytic modules described in this contribution, in cooperation with local authorities and agencies 
in creating a comprehensive toolbox of digital instruments that address specific urban development 
challenges in Hamburg. The common denominator of this partnership is the idea of a scientific, 
evidence-based approach to urban development that exploits all possibilities of state-of-the-art digital 
technology and data analysis.
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The CityScope system has been deployed in the context of public participatory actions or public 
consultation (Noyman et al., 2017) in line with other actions in the field of Tulloch’s (2008) definition of 
Public Participatory Geographic Information Systems (PPGIS) exemplified by Panek, Paszto & Marek 
(2017) and subsequent work on the topic of “emotional mapping”. In contrast to these application 
cases, the analytic modules described in this contribution do not consider their implementation in a 
public participation use case, and are not designed for its use by the general public. Instead, they are 
closer to Burian et al.’s (2015) description of analytic extension modules added to a baseline software 
in order to simulate scenarios by testing urban characteristics. While Burian et al.’s Urban Planner is 
adapted to the specificity of their research and works at a small scale, the CityScope analytic modules 
described in this paper aims at a micro-scale approach and a replicable methodology.

The Case: Grasbrook Hamburg
The format of the “Competitive Dialogue” is a legal tender framework particularly for complex and 
innovative projects (Haugbølle et al., 2015). In the case of Grasbrook, the tender was announced EU-
wide (HafenCity Hamburg GmbH, 2019). Six urban design offices and six landscape design offices 
were invited. These design teams worked independently within their specific professional scopes as 
urban or landscape designers. After a first conceptual phase, six offices were selected and matched 
into three mixed teams in December 2019, who were to deliver a proposal comprehending landscape 
and urban design solutions. After this second phase, one winning team was selected by a high-level 
jury in April 2020. In the second phase, the selected teams were not permitted to cooperate, except 
for the matched offices. The HafenCity Hamburg GmbH, that published and managed the tender, 
acted as an intermediary between ministries, citizens, experts and design teams in order to supply 
data and feedback for the iterative improvement of their design schemes.

The tender was accompanied by an intensive public deliberation process as well as by expert 
analyses, all of which fed into the jury decision. The preparation of the tender document already 
included documentation of several thematic citizen workshops on living, working, mobility, 

Figure 1. Grasbrook District, Hamburg: Competition Area. Copyright 2019 Kuhn. Used with permission.
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sustainability and architecture, carried out between December 2018 and March 2019. During the 
competition, design teams presented their work in progress in public events and discussed them with 
citizens. To incorporate professional expert knowledge as well, engineering consultants were requested 
to simulate noise, microclimate, wind, shading, traffic and water cycles for each competition entry, 
and present the results prior to the jury meeting. These analyses – provided in the common format 
of single-domain expertise, yet unconventionally early in regards to the overall project timeline – 
supplied deep empirical knowledge for the judgement process.

The application of the CityScope solution for the Grasbrook tender had to comply with the 
organisational and legal constraints. In addition to the issues described above, the secure storage and 
usage of the competitors’ project data emerged as a key issue. Equally offered to all contestants as a 
support for their design and decision-making, the simultaneous access to the online tool as well as 
the data management on the platform’s back-end system needed to comply with highest security and 
confidentiality standards. In view of legal controversies that frequently emerge in the aftermath of 
prestigious design competitions, the consortium treated data security and safety aspects with utmost 
rigor and reliability. To that end, secure user authentications, as well as individual usernames and 
passwords for each participant were implemented, while access to other participant’s profiles or 
information was prevented.

Due to the scientific character of the cooperation project – which from the outset was scoped 
by all partners as an explorative endeavour – it was necessary to clearly distinguish the features and 
outputs of the CityScope solution from established expert tools commonly used e.g. for the simulation 
of traffic noise. When the CityScope was introduced to the competition teams, the aim and character 
of this parallel-running scientific experiment were directly communicated, and it was maintained that 
the solution would not deliver legally binding output or assessments.

Theoretical Framework
The CityScope solution presented here, and its application for the Grasbrook design competition, 
builds upon long-term research and cooperation between the scientific partners at MIT Media Lab 
and HafenCity University (HCU). As a shared focus of research in both institutions, the field of 
Digital City Science takes the digital transformation of urban life and space as a point of departure 
and explores new approaches for exploiting the growing amount of data and information for urban 
design and development. Within this framework, interactive tools for urban analysis and synthesis, 
such as CityScope, provide a key to the immense wealth of city data. Successful applications of such 
tools, for example in mass transportation planning or refugee accommodation (Noyman et al., 2017), 
have indicated their high practical potential in the urban context (Figure 2). The theoretical basis for 
these instruments, however, derives from two specific discourses on the digital city.

The first approach considers cities as complex systems with a holistic nature, in which individual 
elements are linked to each other either in the form of a relational network (Castells, 2004) or a 
self-regulating system (Sánchez, 2001) both of which possess specific degrees of organization 
(Rueda, 1995). Complex systems-approaches explicitly acknowledge the multiple network relations 
between elements of the different levels. For example, the construction of a building will affect its 
surrounding space by casting shadows, blocking noise, or retaining water – specific consequences 
which subsequently would affect the energy efficiency of the building as well as the thermal and noise 
comfort of the surrounding area. This, again, will impact on the willingness of residents to actively 
use the building and its neighbourhood.

The second theoretical approach understands urban space as a set of overlapping layers of 
information which form additional mental spaces on top of the physical substratum of cities (Duarte, 
2017). In this sense, urban space is understood beyond the mere presence of buildings and streets, 
but also their impact on the urban system at both tangible – e.g. shadow, noise or rainwater – and 
intangible – e.g. comfort, popularity, identity – levels (Rapoport, 1977). For example, the construction 
of a new building is an intervention on the physical tangible layers of reality, which may affect the 
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overall transport flow distribution at the urban scale, while also becoming a landmark that impacts 
on symbolic layers of the city by establishing itself as a new icon of identity.

Building on these frames of reference, the CityScope presents itself not only as a data-fed 
instrument that displays the network of urban processes and activities beyond the physical urban 
space but also as a platform for analytic tools whose interconnection enables an algorithmic analysis 
of complex cause-and-effect chains created by design interventions in urban fabrics. Conceived as 
a real-time interactive device, the CityScope aims to enhance early-stage design work with analytic 
intelligence that makes the progress towards optimal solutions more rapid and reliable.

CITySCoPE: PLATFoRM FoR URBAN DESIGN 
ANALySIS & DECISIoN SUPPoRT

Technical Description
Conceived as an online platform for the visualization and analysis of urban complexity, the overall 
architecture of the CityScope solution consists of a front-end user interface plus a set of various back-
end tools or “Modules” (Doorley et al., 2019), all of which are connected via a data hub (“cityIO”) 
(Noyman et al., 2019). This system architecture provides not only for standardized information 
exchange but also for a common programming interface which enables the modularized development 
of additional analytical modules, as well as the creation of project-specific frontend solutions. With this 
overall structure, different software applications for the analysis of specific urban qualities (e.g. noise 
distribution, stormwater runoff, pedestrian accessibility) or target indicators (e.g. Gross Floor Area, 
GFA) can be easily plugged-in yet independently developed. In order to allow maximum flexibility 
in choice of programming language, while ensuring compatibility modules are commonly conceived 
as dockerized applications that use simple http requests to get input from and post results to “cityIO”. 
Figure 3 shows the general system architecture and data flow between the different components.

To improve the user accessibility and ease of use, the CityScope represents the information of an 
urban setting in the form of a grid. This abstraction enables faster calculations as well as real-time user 
interaction while maintaining the spatial logic of the urban setting. This transformation is performed 
by taking the morphology of the area and transferring the main volumes into a 2D raster of 16x16 
meters and discretizing the height in steps of the projected story height (in the Grasbrook case: four 
meters for ground level, three meters on upper levels). Each grid cell thus contains information about 

Figure 2. Allocating refugee accommodations with an interactive planning table from the Project “Finding Places.” Copyright 
2016 by Walter Schießwohl. Used with permission.
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the nature of space it represents (built, unbuilt) along with its main functions (residential, commercial, 
educational, promenade, street, park, etc.) as well as some other basic characteristics. In the context 
of the Grasbrook competition, the matrix of 16x16x[4/3] was determined as a feasible compromise 
between level-of-detail and technical considerations, informed by planning regulations, building 
code, and common architectural design patterns. It reflects (1) a standard measure for minimum street 
width according to heat flow and pollutant dispersion metrics (Yang & Clements-Croome, 2017), (2) 
a building depth allowing natural cross-ventilation and daylight penetration (Merah & Noureddine, 
2019), (3) a suitable level of detail in the visualization of results with a feasible number of grid cells 
to allow for intuitive and time-efficient user input as well as real-time feedback for smooth user 
interaction, and (4) a documented metric for other similar cases of computational urban simulations 
(Sánchez et al., 2016).

Analytic Modules
For the long term, the CityScope is designed to become a holistic platform comprising a broad range of 
modules for the analysis and simulation of urban key parameters as well as for the complex interactions 
of physical and social environments. In close communication with the application partner HafenCity 
Hamburg GmbH, however, four initial analytic modules were identified that were prioritized for the 
Grasbrook competition, targeting the analysis of noise propagation, stormwater runoff, walkability, 
and gross floor area (Figure 4). The selection was based on the assumption that these parameters 
would be key decision-making criteria for the Grasbrook competition, but also remain applicable 
to other urban planning ventures in the future. While these four modules were already implemented 
in the Grasbrook competition case (see the following paragraphs), additional modules are already 
being conceived and under development, for example for the analysis of local microclimate, social 
interaction, and human dynamics.

Noise Module
The distribution of noise emissions is a central concern in urban design and spatial composition. As 
the Grasbrook neighbours highly frequented city highways, train lines, as well as an industrial port 
area, the appropriate estimation of acoustic impact becomes a crucial issue (HafenCity Hamburg 
GmbH, 2019, p. 89). In order to develop effective countermeasures – especially by way of designing 
appropriate spatial layouts – an easy assessment of early-stage urban design proposals is important. 
In conventional planning procedures without CityScope, first feedback on the noise performance of 
the design proposals is possible only by way of expert evaluation once the competition phase has 
been concluded.

The noise module developed for the Grasbrook CityScope, in contrast, is able to model noise 
propagation throughout the design area in near real-time. It considers noise emitters like large streets 

Figure 3. Grasbrook CityScope System Architecture
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and adjacent railway lines on the basis of expected local traffic loads. Traffic inside the area can be 
also added in accordance with individual design specifics.

The module uses software developed by the French Institute of Science and Technology 
for Transport, Development and Networks (Bocher et al., 2019), which is based on a simplified 
implementation of the French standard for urban noise propagation, NMPB-08 (Dutilleux et al., 
2010; Association Française de Normalisation, 2011).

From the propositions entered by the designers via the online user interface, the noise simulation 
tool extracts building footprints and calculates a 2D noise distribution map. To do so, the noise emitted 
by simulated traffic on streets and railways is propagated through the design area, taking into account 
the diffractions and reflections caused by the buildings.

Stormwater Module
As the site of the Grasbrook district – and the city of Hamburg, more generally – is vulnerable to 
flooding caused by heavy rainfall events, the HafenCity Hamburg GmbH requested a stormwater 
module to be developed for the Grasbrook CityScope. The reason for considering stormwater during 
the early design phases is to prepare strategically for synergies between green stormwater infrastructure 
and achieving comfortable microclimatic conditions while meeting the functional requirements for the 
landscape design. This module calculates the surface runoff from each cell of the grid, aggregating 
the data to obtain an annual stormwater runoff volume associated with the design being analysed. To 
do so, each cell of the grid contains data about the surface type depending on the nature of space that 
it represents – e.g. building/street/open space – and each surface type is assigned a runoff coefficient. 
The runoff coefficients were adapted from Table 9 of DIN 1986-100:2016-12 (Deutsches Institut 
für Normierung e.V., 2016). The area of each cell (m2) is multiplied by the runoff coefficient and by 
the annual rainfall (m3/m2·a).

Walkability Module
Human-centred urban design strives for neighbourhoods that function effectively without broad 
usage of private vehicles. Thus walkability becomes a key parameter in the design of urban districts 
and neighbourhoods. In order to prevent unnecessary traffic and subsequent negative environmental 
impacts, basic amenities and socio-spatial infrastructure need to be accessible to all local residents 
within a short walking distance. In order to identify intelligent schemes for the placements and 
distribution of services and amenities already in the early phase of the urban design process, an 
analytic module was devised for the Grasbrook CityScope that calculates the 5-minute walkshed 
of special amenities such as educational facilities (local school), cultural destinations (museum) or 
daily suppliance (grocery store). The tool implements a standardized isochrone calculation using the 
walkable street network, a common method utilized in walkability and accessibility research (Dovey 
& Pafka, 2020; Dovey, Woodcock & Pike, 2017).

Figure 4. Analytic modules developed for the Grasbrook competition
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GFA Module
A key indicator for the economic and spatial feasibility of urban design is the Gross Floor Area 
(GFA) generated by the respective proposal (Fan et al., 2018). Balancing the concerns of economic 
profitability (production of marketable real estate) versus spatial quality (openness, view, visibility), 
the iterative adjustment and optimization of the density of urban compounds is a key operation in 
urban design processes. The definition of GFA not only affects physical parameters e.g. distribution 
of light and shadow but local logistics and supply as well as the provision of social infrastructure, 
e.g. day-care or medical facilities. The CityScope’s GFA module calculates the GFA dedicated to 
each use, or function, as defined in the competition design brief. On this basis, the module calculates 
the aggregated GFA in square meters in respect to the classification of building uses (residential, 
commercial, special other uses).

Accuracy of Analyses
With the implementation for the urban design tender of the Grasbrook district in Hamburg, the 
above-mentioned CityScope modules saw their first practical application in the context of high-
level international competition. This implied demands for the tool’s quality and reliability, not only 
because the participating planning offices were officially requested to evolve their projects with the 
CityScope tools, but also because the competition jury expected reliable analytic assessment from 
the platform. The indication of result accuracy and reliability thus emerged as a core issue during 
the development and testing process. It was explained to all stakeholders early-on that the ambition 
was not to excel over expert tools (for nearly all target parameters more elaborate instruments are 
available). As the goal was to provide real-time analysis and instant decision support with satisfying 
accuracy in the early phase of urban design proposals, a feasible trade-off between usability, speed of 
interaction, and quality of assessment was needed. Throughout the development process of the tool, 
it was thus maintained that highest accuracy and reliability could only come from the expert reports 
of experienced consultants which, however, would take substantially longer time for producing and 
delivering reports to designers and jury.

The level of accuracy depends mostly on the process of how the concrete planning area is 
abstracted into the raster matrix of the CityScope, i.e. the relatively coarse 2D input raster of 16m 
by 16m. Streets and buildings which do not fit these modular sizes or have curvy shapes and smaller 
volumes, need to be simplified into a lower resolution, thus losing design details. With this in mind, 
the definition of the accuracy of calculations becomes a necessary reference point for the reliable 
assessment of design scenarios. To clarify this issue, calculations performed with the CityScope 
were compared to the results of external reports prepared by a committee of experts. While the latter 
evaluated the performance of the design submissions in their original submission format, the input of 
proposals into the CityScope platform necessitated a simplification of design schemes due to basic grid 
structure, as mentioned above. The comparison – henceforth referred to as “Accuracy” – is evaluated 
for each module differently depending on the available data format from the expert evaluation.

Noise Module Accuracy
In the case of the Grasbrook competition, it was possible to directly compare the results of the 
CityScope noise module with the results delivered by an established consultancy with long experience 
in noise modelling. Figure 5 presents the results of the analysis of the winning competition entry 
performed with the CityScope tool compared to the results delivered by the external consultancy.

The visual comparison of both noise maps shows similar dispersal patterns. By rasterizing both 
result sets, a differential map is computed to locate and visualize the differences in estimated noise 
levels. The comparison of the results is performed under the consideration of all methods outputting 
results in the same measurement units. This differential map indicates that the total area of noise level 
differences greater than 10dB are below 7.5% of the design area, whereas 53% of the design area 
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show deviations of max 5db. The remaining 39.5% of the design area shows deviations between 5 and 
10 dB. As a general trend, the results delivered by the CityScope generally show lower noise levels 
than the ones delivered by the external consultancy. Still, a proportional behaviour and distribution 
of the noise levels underline the applicability of the tool under certain conditions.

Studies have shown that different experts evaluating the same situation with different national 
methods create results which deviate by 10–15dB (Nijland & Van Wee, 2005). In our case, a main 
cause for the deviation results is the different calculation methods used by the CityScope and the 
external consultancy, which differ, among other features, in the standard metrics utilized (Simplified 
implementation of the French NMPB-08 standard [CityScope] vs German RLS 90 standard for road 
noise sources and unspecified methods for propagation calculation [Consultancy]). Besides, various 
technical differences and input assumptions influence the definition of noise modelling accuracy, 
such as:

• Rasterized CityScope input format leads to simplifications of the design proposal from building 
footprints to a grid-based input.

• Expert’s added higher noise levels to context-specific locations (e.g. Elbe bridges).
• French and German standards use different annotation scales for noise levels.
• CityScope delivers a composite day, evening and night index (LDEN) while the method deployed 

by the external consultancy indexes for daytime only.

Stormwater Module Accuracy
Currently, experts rely on schematic plans and excerpts of renderings to evaluate the stormwater 
management potential of submitted designs. These schematic plans, the minimum required submission 
according to the competitive dialogue brief (HafenCity Hamburg GmbH, 2020, p. 118), often lack the 
information necessary for experts to evaluate the submissions beyond a simple qualitative assessment. 
Going beyond such practices, the present CityScope module for the analysis of stormwater uses 
standardized measures of surface permeability and infiltration potential in order to estimate cumulative 
annual runoff volumes, results of which are visualized on a map and in a bar chart. While the expert 
analysis for water-cycles involves the qualitative assessment of schematic plans using a traffic light 

Figure 5. Result comparison of CityScope vs expert noise analysis for the winning competition entry
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rating system, the CityScope enables a quantitative comparison of the design submissions in their 
entirety, while still supporting qualitative assessments (Figure 6).

The aspects which the expert analysis regarded, however, were not consistently present in all 
design submissions, for example: (1) topography within the area; (2) directional flows within the 
stormwater network; (3) location and size of infrastructure like infiltration, retention, water treatment 
facilities, neighbourhood cistern. The present version of the stormwater module did not include these 
aspects, either. In future, the CityScope stormwater module should be expanded to include them in 
order to better support the qualitative and quantitative comparison of design submissions. Already 
in its current form, the stormwater module can deliver a valuable quantitative comparison of the 
designs in regards to the ratio of green and open space as well as annual runoff projections from 
differentiated surface types.

Walkability Module Accuracy
While the expert analysis was based on a qualitative evaluation of the pedestrian network, the 
CityScope numerically calculated the accessibility based on the morphology of the street network. 
Specifically, the module calculated accessibility from/to different amenity types (defined as buildings 
uses or functions) as the five-minute walking distance following the network of streets and open 
spaces. In the development of this module, three main walking profiles were defined: adult, child, 
and wheelchair user. Each of the walking profiles includes an average speed and a list of surfaces 
across which they are able to walk comfortably e.g. wheelchair users are not able to pass through 
cells with stairs. The calculation of walkability for each amenity type, and each walking profile, is 
performed using a flood fill calculation using Dijkstra’s algorithm applied to grids (Eraghi et al. 
2014) for finding the shortest path between nodes in a network, computing the distance from each 
amenity to all the other cells in the model. The CityScope walkability module enables quantitative 
analysis of accessibility (Figure 7), complementing the mostly qualitative interpretation provided by 
the mobility and transportation experts.

Figure 6. CityScope map results map of runoff coefficients; estimated annual runoff volumes [m3] by surface type. Upper Right: 
Qualitative evaluation method used to assess schematic map submissions; Adapted from HafenCity Hamburg GmbH (2019, p. 85)
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GFA Module Accuracy
Due to the shape simplification imposed by the basic input grid of the CityScope, the accuracy of this 
module depends on the closeness of the design submission to modular sizes of 16 meters, straight lines, 
and right angles. The translation of design submissions into the CityScope grid had to acknowledge 
this condition which strongly determines the accuracy of the GFA analysis module (Figure 8).

Freeform-designs with variable building depths or street canyon widths achieve lower accuracy 
in the GFA analysis than designs based on rectangular blocks, due to deviations of the calculated 
floor area. In order to determine the accuracy of the model, calculations by the CityScope were 
compared with expert evaluation reports which include a cross-check of designed volumes against 
the definitions made by the competition brief (HafenCity Hamburg GmbH, 2019, pp. 50–53). The 
main use categories, “Commercial” and “Residential,” correspond closely with the same use types in 
the competition brief, whereas the CityScope category “Other” roughly translates to “Special use,” 
which includes cultural, educational, and sports use.

Differences in use type classifications between the CityScope and the competition brief, the 
transformation of the designs to the CityScope grid, and subjective data entry by users contributed to 
differences in GFA totals compared to the expert evaluation. In 7 of 8 instances, the absolute difference 
ranged from 1% to 27%, with an average of absolute difference of 14%. For one competition entry, 
the absolute difference was 170% for “Other” due to the user’s interpretation of non-standard mixed 
use types as “Other” rather than primarily “Residential” or “Commercial.” In future competitions, the 
GFA module should be more closely linked to the exact GFA requirements of the competition brief. 
That way, the module can provide a helpful signal to designer competitors to include all required 
uses while enabling the jury to rapidly and reliably evaluate submissions.

DISCUSSIoN

As described above, the CityScope tool Is implemented in two different use cases, namely (UC1) 
designers and planners developing urban proposals, and (UC2) competition juries evaluating the 

Figure 7. CityScope map results for the walkability calculation using example user type adult and cultural institutions. Areas in 
green show the travel distance below the threshold of a five-minute walk. Upper Right: Qualitative evaluation method used to 
assess submission materials, including schematic maps, explanatory sketches, and pictograms (HafenCity Hamburg GmbH. 
2019, pp. 78-81, 116)
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design of those proposals. The following section accounts for some general considerations, as well 
as specific assessment for each of the two use cases.

Strengths
The delay of expert analysis for key performance indicators is a major obstacle in the creation of 
feasible, sustainable and well-balanced proposals in the early stages of urban design work (UC1). The 
CityScope compensates this deficit by delivering analytic results to designers “on the fly” i.e. already 
during the design process. Providing real-time feedback about the performance of any presented 
proposal on a quality level sufficient for conceptual design phases, it allows quick testing, iterating 
and optimizing of design ideas while they are being produced. As CityScope works with one single 
data input which is shared across the different analytic modules, substantial time is saved on the side 
of designers as they do not need to input their design schemes several times into separate software 
applications, or carry out time-consuming data transfer and reformatting.

Providing a unified way for the ingestion of individual design proposals and for the subsequent 
quantitative analyses, the CityScope platform provides a standardized assessment of the complex 
environmental and social qualities of urban design proposals. Avoiding “apples to pears” comparison, 
it enables an objective assessment of naturally highly different proposals, which is particularly useful 
when there is need to evaluate several proposals under the same transparent criteria (UC2). The easy 
interaction and standard visualization make the analysis and comparison of proposals substantially 
more easy — not only for design juries and assessors but also for designers themselves. Without 
much effort, they can investigate the performance of individual proposals in regards to selected target 
indicators.

The standardized input and interaction formats as well as the explicit user guidance, plus the 
scientific models and algorithms at its basis, allow high transparency about the process of analysis 
and assessment in the CityScope. As a digital, data-based solution it creates high accountability in 
the context of design production and evaluation where the rationale of decision-making has often 
been unclear and opaque.

weaknesses
The definition of the accuracy of the analytic modules remains a scientific and methodological 
challenge. End-users of the system like designers (UC1), juries (UC2), as well as developers, or 
investors depend on clear indications about the general reliability of the results, as well as of the relative 

Figure 8. Translation of design submissions into CityScope grid
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reliability compared to the established means and methods for evaluation (as provided by professional 
software solutions or expert consultancies). While for the present CityScope solution sufficient 
validation could be delivered for the noise and rainwater modules, the discrepancy of scientific 
models, methodology, and data schemes, as well as a lack of information about basic assumptions, 
hamper their in-depth validation as well as the development and refinement of the other modules.

Even though one single data input into the CS system saves time compared to several data inputs 
in separate applications, the first version of the tool requires that the designs be manually into the CS 
tool (UC1 and UC2). This was accomplished by importing multiple layers of geospatial information 
(e.g. existing buildings, site restrictions), as well as the projected raster images of the first round 
designs, were included in the tool for users to “draw” on top of. It turned out to be a difficulty that 
the raster could not be rotated. This issue was solved in further editions of the tool. To make the input 
and translation process easier, Users expressed interest in being able to import data formats common 
for their preferred design software or the file formats required for the competition submission (DWG, 
RVT, IFC). In the near future, with careful planning and clean data, such a data conversion pipeline 
could be established for BIM file formats –considering the need to bridge its current limitations such 
as data semantics, or incompatible geometric notation.

opportunities
A key benefit of the CityScope is its capacity to run comparisons and performance analysis across 
different layers of analysis at the same time. In this respect, the CityScope has substantially more 
analytic power than expert evaluations which usually consider only one dimension. Instead of 
evaluating a design proposal only by analyses of noise or GFA e.g. the platform allows complex 
combinations of target indicators (UC2). By changing the qualities of a plot or a building in one 
specific setting, impacts on many different other levels can be observed. By cross-connecting the 
various analytic modules, any new socio-spatial input will simultaneously change and update other 
layers of performance. By acknowledging and analysing these systemic interactions within the urban 
fabric, the CityScope provides a powerful tool for urban designers who need to shape and control this 
multiplicity (UC1). By adding extra layers of information as well as new analytic tools, the complexity 
of urban space can be far better addressed in future design work.

The validated scientific models and open-source software of the CityScope modules ensure 
that the evaluation of design proposals will not be delivered as a black-box mechanism. Instead, they 
give an explicit and rational basis for the results presented. In addition, their open-source character 
makes the modules easily adaptable to other future application scenarios. Apart from securing the 
transparency of the tool and process, the open-source concept also allows scientific and technical 
validation and constant improvement by the scientific community.

The interactive and iterative nature of the CityScope and its application makes it an appropriate 
instrument for multi-stakeholder engagement that may go beyond the hitherto involved set of actors, 
i.e. urban designers and developers, competition juries, and academic researchers (UC1). As a 
digital online tool, it has large potential to facilitate communication and dialogue also with larger 
stakeholders groups, for example, neighbourhood communities, local initiatives, or student circles. The 
facilitation of public engagement in urban planning is a central issue of Digital City Science. To this 
end, a CityScope with easy-to-use user interfaces and functionalities may become a key instrument.

Threats
The introduction of new work processes or technologies is commonly accompanied by scepticism, if 
not rejection, on the side of the target audiences. Design offices e.g. have their established approaches 
workflows; especially in the context of competition projects, they rely on conceptual and technical 
habits (UC1). Because the creation of competition entries usually happens under high time and work 
pressure, easy adoption of the new iterative, science- and data-based design procedure as proposed 
with the CityScope is not likely. Similarly, jurors and assessors will not necessarily welcome the 
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appearance of new data-generated evidence about design proposals; discrepancies and conflicts 
between expert judgements and algorithmic analysis may occur. What is more, the replacement of 
expert judgements with informed expert interaction appears to be a thorough disruption of established 
market and power structures (UC2).

Market homogenization among the providers of architecture, design and engineering software may 
lead to an obsolescence of the presented tool and methodology. Although the potential integration of 
CAD, BIM and GIS systems may be highly desirable in terms of technological and methodological 
standardization and interoperability, and open up a wide arrange of new opportunities ranging from 
urban studies to city management and urban design, such convergence happening under the roof of 
some powerful software house may, however, lead to undue monopolization. Such exclusive market 
dominance may not only negate business competition but also the technological advancement by a 
larger research and development community. Examples of non-proprietary, open source solutions 
created in the past years (e.g. Open Street Map) have shown the massive impact that such applications 
can have. Science-driven endeavours like the one presented in this paper can contribute and 
support such developments with validated knowledge only if algorithms, data models and scientific 
assumptions are transparent and openly shared.

CoNCLUSIoN

The CityScope is an ongoing attempt in “reinventing the competition” by way of an expandable digital 
solution for design analysis and assessment. With the case of Grasbrook tender in Hamburg, the project 
consortium has demonstrated its applicability in the framework of a high-level international urban 
design competition. Here, the new tool proved its capacity to effectively support the decision making 
of (1) designers and planners in the process of developing sustainable urban designs proposals, and 
(2) competition juries mandated for the evaluation of the same proposals. To both, the solution has 
supplied instant assessment and analytic evidence for four key criteria, and future effects resulting 
from design proposals could be estimated. The CityScope enabled fast iterations of design ideas 
and feasible trade-offs between target parameters. Thus, the solution has paved a way towards more 
holistic and interactive urban development processes, based on the fast prototyping of spatial and 
functional programs, as well as on their objective assessment.

Going beyond the conceptual phases of the Grasbrook urban design, as focussed-on in the first 
phases of the competition, a next-level application is envisioned for the subsequent functional planning 
phase. In this stage, instead of analysing schematic proposals, designs with higher complexity and 
level of detail will be treated, which in turn demand for yet higher accuracy on the side of the tool and 
method. In the functional planning of the district Grasbrook, the consortium will work hand in hand 
with the winning team of the design competition. Here, a key issue will be the transgression from 
the real-time analysis via the online platform to live interaction in (virtual) workshop settings with 
planners and developers. For this purpose, a third user interface and respective analytics need to be 
developed that can address the specific planning and communication demands of this planning phase. 
In the medium term, the CityScope solution will be applied to three different use cases: competition 
design, design jury and functional planning.

Apart from further application cases in the context of the Grasbrook urban development, next 
level scientific and technological goals have been outlined already. Reaching beyond performance 
assessments of physical and spatial-morphological properties, future editions of the CityScope shall 
also provide modules for the analysis of human interaction and social dynamics in urban environments. 
Current developments in social dynamic engines and agent-based simulations provide promising 
starting points for a novel level of performance analysis of urban designs. More than other solutions, 
the CityScope approach has the potential to deliver to planners and developers novel insights that 
emerge from the convergence of social sciences and urban design.
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