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Artificial Intelligence for a sustainable
future urban development
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T

he paper explores how innovative Artificial Intelligence (AI)
techniques are leading to new urban planning methods based on
the interplay between human creative thinking and the computational
power of modern computers (Figure 1). The goal of the new planning
tools is to plan cities more efficient and, despite their complexity,
more comprehensible, and - with the help of the computer - to
understand the parallel interactions of many different factors in order
to develop urban qualities. The flexibility of the computer programs
also makes it possible to integrate a wide variety of stakeholders in
planning processes and thereby respond to people’s needs.
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Digitization and climate change are two megatrends that are
responsible for a variety of simultaneous transformation processes
in cities. Taxis are being replaced by travel services, cars are soon
driving without drivers, housing is being treated as a flexible service,
and ownership is being managed with new forms of smart contracts.
In this context, also how cities are planned changes. Technological
innovations in AI and data analysis, combined with new production
processes such as mass customization, inevitably lead to new
planning strategies and processes, in which architects and planners
must constantly redefine their role in interaction with digital tools. An
additional question is which role AI plays in developing the knowledge
of historically evolved cities and applying it for future cities.

Examples
In following, we consider the opportunities offered by artificial
intelligence for the design of new cities and districts by two examples:
First the planning and simulation of new cities in the context of ruralurban transformation processes in Ethiopia; and second the expansion
of the metropolis Singapore.
Small Towns in Ethiopia
The first example deals with the enormous rural-urban transformation
process in Ethiopia by the panning of small towns for about 10,000
inhabitants, in which existing villages are expanded to cities.
With this decentralized, regional planning policy, it is intended to
prevent the rural population from increasingly migrating to informal
settlements in the capital Addis Ababa. One of the challenges is to
design hundreds of new cities in a short time with a few trained city
planners and architects.
Against this background, our research group DeCodingSpaces
developed digital, adaptive master plans that can largely adapt
automatically to the respective local geographic conditions. The
digital master plans usually consist of 5 consecutive generative
modules (Figure 2) to (i) define the city boundary, (ii) construct the
main roads and (iii) minor roads, (iv) generate the street blocks and (v)
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the building typologies. The stock of existing villages can be flexibly
taken into account in each module. In each module different analysis,
methods can be integrated for controlling the generative process.
In order to substantiate the automated generation, the modules shown
in Figure 2 were applied at three different sites in Ethiopia (Figure
3). For the individual plans, there was little manual intervention, for
example, if the terrain information could not be used to calculate clear
water catchment areas, or if a street was used as a marketplace and
pedestrian zone for several days a week. This shows the potential
of human-machine interaction in solving complex urban planning
problems (Figure 1), since it is often too time-consuming to consider
every special case in a computer program.
Singapore Waterfront
The second example describes the development of an adaptive
master plan for the future Waterfront district of Tanjong Pagar in
Singapore: A 400 ha container terminal will be relocated, thereby
freeing a centrally located site near the coast for a new development.
Despite the completely different context, as in the previous example
in Ethiopia, we use a similar generative procedure: starting with the
generation of the road network and the land use distribution, we go
further in detail to building typologies, heights and road design.
The application of the generative modules is shown in Figure 4. Major
road axes outlining large areas have been defined as extensions to
existing roads, while the secondary road network has been created
automatically. For this, the desired size of the street block and
its proportions are defined as input parameters. In addition, the
general contour of the coast was drawn manually after subjective
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considerations. For the distribution of land use, we have assumed
flexible inputs regarding the relationship between expected and
current demographic structure. Based on the distribution of usages,
density specifications and the road network we can simulate the
traffic flow. Based on this, we have assigned the minimum number of
lanes for each road for the calculated traffic capacity.
Conclusion
The presented techniques and application examples for digital
adaptive master plans demonstrate the potentials that lie in new AI
methods for urban planning. The new form of urban planning allows
successive phases of analysis, generation and evaluation to be carried
out, leaving the urban design process transparent and negotiable
for all possible stakeholders. The enormous flexibility to integrate
comprehensive data sets and spatial analyzes to quickly generate a
wide range of planning options will permanently change the working
practices of city planners.
The degree of automation of adaptive master plans will continue
to grow with the development of AI. As in other professions, it is
foreseeable that urban planners and architects will be displaced
from their previous activities by computer programs and will have to
redefine their role. In contrast to the classic self-image of designers
and architects, plans are no longer drawn but generated more and
more automatically. Many fields of activity of urban planners are
automated and thus the design and artistic sovereignty of the planner
is questioned. The designers of future cities have a completely new
and equally complex role to play: acting as mediators between the
different demands of interest groups and the possibilities of using
computer programs to generate future urban environments.
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Links
Demonstration videos of the example projects:
Ethiopia: https://vimeo.com/210051656
Singapore: https://vimeo.com/240964157
More demonstrations projects are presented at the DeCodingSpaces
Lab: https://decodingspaces-toolbox.org/#lab
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