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Why  The fabric, grain and texture of a city reflect its physical dynamics, genesis and 
potential for future transformation and development. The resulting urban mor-
phology combines social, cultural, economic and climatic aspects of cities into 
particular patterns. A figure-ground diagram captures the geometric and spa-
tial composition of buildings, blocks and infrastructure, represented as solid 
figures, and the open void of plazas, streetscapes, parks and waterways, rep-
resented as ground. The abstraction of these figure-ground diagrams allows 
us to quantitatively compare and evaluate the spatial elements of cities. These 
elements can then be classified into distinctive urban types. In their composi-
tion and distribution, these elements are like the fingerprint of a city, as can be 
seen in the distinct figure-ground patterns of the central areas of Barcelona, 
Manhattan, Tokyo and Singapore. Figure-ground diagrams imply that cities 
tend to converge, at least in their mature stage, towards a distinctive static type 
or stereotype of urban morphology. However, as cities change and become 
more complex, diverse and dynamic, this is no longer true. With the advance-
ment of city sciences, it is time to move from fingerprinting to something more 
akin to the DNA sampling of cities. 

What The fabric, grain, texture and morphology to be studied are found in all parts 
of the urban and peri-urban areas of cities. However, underlying social, cultural, 
economic, organisational and climatic aspects might differ from one neigh-
bourhood to another, as well as from one city to another. Therefore, a fine-
grained, multiscalar and multidimensional approach is needed. Expanding the 
figure-ground relationship allows us to integrate more aspects into the process 
that can inform, interfere and question the fabric, grain and texture of cities. 
This expanded figure-ground challenges preconceived representational mod-
els of cities and can lead to new forms of urban cartography. 

How  By applying machine learning to satellite images, we can trace changes in 
urban morphology across large time spans and over extended territories. The 
resulting maps show gradients of transition that expand the conventional figure- 
ground relationship, rates of change that replace rigid juxtapositions of built 
and unbuilt spaces, variable densification and transformation rates that replace 
static urban compositions, and land-cover dynamics and layered land uses 
that replace segregated urban zoning. The study of urban morphology — of 
built and open spaces in terms of scale, extent, configuration and composi-
tion — can now be linked to knowledge derived from city sciences. City sciences 
can help us to interpret emerging spatial configuration and use patterns under 
changing social, cultural, economic, organisational and climatic aspects. The 
expanded figure-ground concept can also help bring about more suitable and 
sustainable spatial configurations of new urban designs using parametric and 
procedural urban analysis, simulation and design tools. 
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become more supportive of older generations who 
have naturally occurring cognitive decline and who 
are more easily disoriented. 

From a methodological perspective, while 
a more interactive planning approach involving older 
people as co-researchers is beneficial, it requires 
more resources for the planning team, such as time, 
money and experimental efforts. In this context, on-
going and long-term collaborations between prac-
titioners and interdisciplinary researchers, using 
mixed-methods for post-/pre-occupancy evaluation 
and co-design, can act as a stepping stone. Such 
collaborations can help translate theory to practice 
and thereby impact design processes and design 
outcomes. Collaborations of our team include city 
planners such as Urban Redevelopment Authority 
of Singapore, and international design consultants, 
such as DP Architects, and local organisations, such 
as Kampung Admiralty and other Active Ageing Hubs. 
Based on these interactions we plan to continue our 
outreach activities. 
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Create Spaces of 
Opportunity 
 
Spaces that are not allocated a specific programme 
at the outset drastically increase the capacity of a 
project to adapt over time (Gasco 2019a, 496–7; 2019b, 
596; Hanakata 2019, 294, 314; Läpple and Hanakata 

2019, 42). Determining everything at the conception 
and planning stage of a project limits a project’s 
capacity to be appropriated by its inhabitants and 
users. Creating, on the other hand, a porous condi-
tion that includes a dynamic leeway and a ‘volatile 
situation’ (Christiaanse et al. 2009, 26) provides a 
space that can respond timely to new opportunities 
and be activated accordingly at a later stage. Such 
spaces also increase the possibilities to integrate 
new uses, people and perspectives while fostering 
a neighbourhood to be not only adaptive but also 
inclusive. HafenCity Hamburg GmbH, for example, 
took its first steps in this direction by deliberately 
leaving out a certain area (Oberhafen) from the mas-
ter plan. This area has subsequently evolved into 
the creative heart of HafenCity (Hanakata 2019, 289). 
Furthermore, the master plan has only determined 
the development of different districts over the period 
of 17 years in several development phases (starting 
with Am Sandtorkai in the west and ending with Elb-
brücken in the east). These districts were further 
detailed through urban design competitions. Doing 
so has generated the opportunity to use vacant land 
in the east for temporary uses, such as a refugee 
camp for 600 inhabitants, which was built in 2016 and 
is still in operation today. In the case of the Marina 
Bay area, the White Site zoning category, introduced 
by the Urban Redevelopment Authority of Singapore 
in 1995, has no specific programme allocated to it 
but rather enables developers to respond to market 
demands and current trends (Fun and Fassam 2019, 
517). In London’s King’s Cross, plots yet to be devel-
oped have been occupied by various community-fo-
cused temporary uses, such as community gardens 
and a swimming pond, some of which have since 
been relocated to other plots following the develop-
ment stages of the area (Gasco 2019a, 497). 
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Expand the  
Figure-Ground 
Relationship 
 
The study of urban fabric, grain and texture, or urban 
typomorphology, has largely been accepted as a use-
ful method in urban planning and design (Moudon 
1994; Lilley 2009). However, over time, these methods 
lost prominence in the face of criticism, such as the 
lack of clarity in the validity of the morphological ap-
proach in establishing cause-and-effect relationships 
and the inherent physical determinism in urban mor-
phology studies (Moudon 1997). Recently, there has 
been a renewed interest in morphological methods 
as urban decision makers grapple with growing com-
plexity and interdependencies between urban form 
and processes, with multiple and contradictory goals 
such as economic vitality, climate-responsiveness, 
environmental sustainability and social justice. A 
quantitative vocabulary of urban form eases measure-
ment of success for different goals and aids the de-
cision-making process. It is opportune that this need 
for systematic definition, classification and quantifi-
cation of urban form is accompanied by the growing 
availability of software packages that facilitate anal-
ysis of such large data sets. Methods such as space 
syntax (Space Syntax n.d.), geographic information 
systems and remote sensing (InterIMAGE 2018), cell-
ular automata (Batty 2007; Koenig and Mueller 2011; 
Heim et al. 2018) and procedural modelling (Parish 
and Müller 2001) offer different mechanisms to con-
duct such analyses (see Figure 08.1). 

Data to support the large-scale studies of 
urban morphology is gradually becoming more avail-
able. Supranational research initiatives contribute 

Fig. 08.1 Automatic land-cover classification from satellite images 
creates an expanded figure-ground map showing built-up 
and agricultural spaces in various degrees for Muscat 
Capital Area in Oman. 

Fig. 08.2 Expanded figure-ground maps combine land-use, density 
and micro-climatic information during the 2019 Advanced 
Studies in Urban Design (AS-UD) course. 

to high-resolution global land-cover maps (Hansen 
et al. 2013), standardised global urban growth rate 
indicators (United Nations DESA 2015) and measur-
ing changes in urban landscapes across time (World 
Bank 2015). These data sets allow for new forms of 
cross-comparative and interdisciplinary research, 
such as the analysis of urban growth and sprawl from 
remote sensing data (Bhatta 2010), as well as the 
discovery of new urban typologies by data mining 
multiple dimensions of urban form (Gil et al. 2012); 
correlations of natural resources, urban form and 
infrastructure (see Figure 08.2) (Rode et al. 2017); or 
the urban morphology informs other disciplines, such 
as transport planning (Schirmer and Axhausen 2015). 
The Future Cities Laboratory (FCL) collected open 
data relevant to the study of urban-rural systems in 
an open access planning support tool known as ‘ur-
scape’ (UR-Scape 2018). This platform correlates 
spatial and non-spatial data sets such as food pro-
ductivity, population density, disaster risk areas, gross 
domestic product, land cover, soil suitability, night-
light, rainfall and poverty. 
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Evidence

The ur-scape platform has been piloted in 
several cities in South East Asia, including Bandung 
under the Asian Development Bank’s Future Cities 
initiative (Cairns et al. 2018). Then, the large data 
sets were linked to parametric and procedural urban 
modelling techniques to explore large-scale urban 
form. The ‘Urban Elements’ method (von Richthofen 
2018) served to link conceptual urban design intents, 

urban science and procedural modelling with typo-
morphology to further engage in urban planning and 
analysis in Singapore (see Figures 08.3–4). 

Stakeholders 
The one-year Advanced Studies in Urban 

Design (AS-UD) course offered a platform to develop 
a new urban design curriculum with the Urban Re-
development Authority of Singapore (URA) from 2017 
to 2019. Apart from testing the applicability, trans-
ferability and teachability of research conducted at 
FCL, the course also hybridised and expanded urban 
morphology and typomorphology in particular. The 
effectiveness of using CityEngine for urban design 
workflows was tested in the second and third years 
of the AS-UD course in 2018 and 2019, which was 
offered to young professionals at URA and affiliated 
planning agencies. Knowledge acquired from the 
course facilitates a better understanding of how 
CityEngine can bridge the gap between urban de-
sign practice and typomorphological analysis. 

References 

Batty, Michael (2007). Cities and 
Complexity: Understanding Cities 
with Cellular Automata, 
Agent-Based Models, and 
Fractals. Cambridge, 
Massachusetts: MIT Press. 

Bhatta, Basudeb (2010). Analysis 
of Urban Growth and Sprawl from 
Remote Sensing Data. Heidelberg: 
Springer. 

Cairns, Stephen, Devisari Tunas, 
Laksmi Darmoyono, Zuzana 
Drillet, David Neudecker, Michael 
Joos, Heiko Aydt, Daniel Richards, 
Johannes Müller, Shendi 
Abdiguna, and Seterhen Akbar 
Suriadinata (2018). ‘Bandung 
Smart Systems’, project report  
for Future Cities Laboratory and 
Asian Development Bank. 

Gil, Jorge, José Nuno Dinis Cabral 
Beirão, Nuno Montenegro, and 
José Pinto Duarte (2012). ‘On the 
discovery of urban typologies: 
Data mining the many dimensions 
of urban form’, Urban Morphology, 
16(1): 27–40. 

Hansen, Matthew C., Peter V. 
Potapov, Rebecca Moore, Matt 
Hancher, Svetlana A. Turubanova, 
Alexandra Tyukavina, David  
Thau, Stephen V. Stehman, Scott 
J. Goetz, Thomas R. Loveland,  
Anil Kommareddy, Alexey  
V. Egorov, Louise Chini,  

Christopher O. Justice, and  
John R. G. Townshend (2013). 
‘High-resolution global maps  
of 21st-century forest cover 
change’, Science, 342(6160): 
850–3. 

Heim, Bernhard, Marc Joosten, 
Aurel von Richthofen, and Florian 
Rupp (2018). ‘On the process and 
economics of land settlement  
in Oman: Mathematical modeling 
and reasoning in urban planning 
and design’, Homo  
Oeconomicus, 35(1): 1–30. 

InterIMAGE (2018). ‘An Open- 
Source, Knowledge-Based 
Framework for Automatic Image 
Interpretation’. http://www.lvc. 
ele.puc-rio.br/projects/
interimage/. Accessed on  
20 February 2020. 

Koenig, Reinhard and Daniela 
Mueller (2011). ‘Cellular-automata-
based simulation of the 
settlement development in 
Vienna’, in Cellular 
Automata — Simplicity Behind 
Complexity, ed. Alejandro  
Salcido, 23–46. Rijeka: InTech. 

Lilley, Keith D. (2009). ‘Urban 
morphology’, in International 
Encyclopedia of Human 
Geography, Vol. 12, eds. Rob 
Kitchin and Nigel Thrift, 66–9. 
Oxford: Elsevier. 

Moudon, Anne Vernez (1994). 
‘Getting to know the built 
landscape: Typomorphology’,  
in Ordering Space: Types in 
Architecture and Design, eds. 
Karen A. Franck and Lynda H. 
Schneekloth, 289–311. New York: 
Van Nostrand Reinhold. 

——— (1997). ‘Urban  
morphology as an emerging 
interdisciplinary field’, Urban 
Morphology, 1: 3–10. 

Parish, Yoav I. H. and Pascal Müller 
(2001). ‘Procedural modeling of 
cities’, in SIGGRAPH ’01 – 
Proceedings of the 28th Annual 
Conference on Computer  
Graphics and Interactive 
Techniques, 301–9. New York: 
Association for Computing 
Machinery. 

Rode, Philipp, Alexandra Gomes, 
and Muhammad Adeel (2017). 
Resource Urbanisms: Natural 
Resources, Urban Form and 
Infrastructure in the Case  
of Asia’s Diverging City Models. 
London: LSE Cities. 

Schirmer, Patrick Michael and Kay 
W. Axhausen (2015). ‘A multiscale 
classification of urban 
morphology’, Journal of Transport 
and Land Use, 9(1): 101–30. 

Space Syntax (n.d.). Homepage. 
http://www.spacesyntax.net. 
Accessed on 20 February 2020. 

United Nations, Department of 
Economic and Social Affairs 
(DESA), Population Division 
(2015). World Urbanization 
Prospects: The 2014 Revision, 
(ST/ESA/SER.A/366). 

UR-Scape (2018). ‘UR-scape’. 
http://urs.fcl.sg/ur-scape/. 
Accessed on 20 February 2020. 

World Bank (2015). East Asia’s 
Changing Urban Landscape: 
Measuring a Decade of Spatial 
Growth. Washington, DC: World 
Bank. 

Further Reading 

Alexander, Christopher, Sara 
Ishikawa, Murray Silverstein,  
Max Jacobson, Ingrid Fiksdahl-
King, and Shlomo Angel (1977).  
A Pattern Language: Towns, 
Buildings, Construction. New 
York: Oxford University Press. 

Çalişkan, Olgu and Stephen 
Marshall (2011). ‘Urban 
morphology and design: 
Introduction’, Built Environment, 
37(4): 381–392. 

Chen, Fei and Ombretta  
Romice (2009). ‘Preserving the 
cultural identity of Chinese cities 
in urban design through a 
typomorphological approach’, 
URBAN DESIGN International, 
14(1): 36–54. 

Gu, Kai (2018). ‘The teaching  
of urban design: A morphological 
approach’, Journal of Planning 
Education and Research,  
38(3): 1–10. 

Hall, Tony (2008). ‘The form-based 
development plan: Bridging the 
gap between theory and practice 
in urban morphology’, Urban 
Morphology, 12(2): 77–95. 

Karimi, Kayvan (2012). ‘A 
configurational approach to 
analytical urban design: “Space 
syntax” methodology’,  
URBAN DESIGN International, 
17(4): 297–318. 

Kostof, Spiro (1991). The City 
Shaped: Urban Patterns and 
Meanings Through History. New 
York: Little, Brown and Company. 

Kropf, Karl (2009). ‘Aspects of 
urban form’, Urban Morphology, 
13(2): 105–20. 

Levy, Albert (1999). ‘Urban 
morphology and the problem  
of the modern urban fabric: Some 
questions for research’, Urban 
Morphology, 3(2): 79–85. 

Lo, C. P. (2007). ‘The application  
of geospatial technology to urban 
morphological research’, Urban 
Morphology, 11(2): 81–90. 

Marshall, Stephen (2004).  
‘Urban pattern specification’, 
paper presented at Solutions 
Symposium, Cambridge, 
December 2004. 

Oliveira, Vítor and Valério 
Medeiros (2016). ‘Morpho: 
Combining morphological 
measures’, Environment  
and Planning B: Planning and  
Design, 43(5): 805–25. 

Osmond, Paul (2010). ‘The urban 
structural unit: Towards a 
descriptive framework to support 
urban analysis and planning’, 
Urban Morphology, 14(1): 5–20. 

Oyugi, Maurice Onyango (2018). 
‘Is urban morphology a panacea 
or a peril to sustainability?’, 
Architecture Research, 8(3): 
92–102. 

Rossi, Aldo (1984). The 
Architecture of the City. London: 
MIT Press. 

Rowe, Colin and Fred Koetter 
(1984). ‘Crisis of the object: 
Predicament of texture’, in  
Collage City, 50–84. Cambridge, 
Massachusetts: MIT Press. 

Scheer, Brenda Case (2008). 
‘Urban morphology and urban 
design’, Urban Morphology,  
12(2): 140–2. 

Sitte, Camillo (1965 [1889]). City 
Planning According to Artistic 

Principles, trans. George R. 
Collins and Christiane Crasemann 
Collins. London: Phaidon Press. 

Whitehand, Jeremy W. R. (2001). 
‘British urban morphology: The 
Conzenian tradition’, Urban 
Morphology, 5(2): 103–9. 

Whyte, William H. (1980). ‘The life 
of plazas’, in The Social Life of 
Small Urban Spaces, 16–23. New 
York: Project for Public Spaces. 

Evidence 09 → Action 09 p. 20 

Mitigate Urban 
Heat 
 
Hygiene and the quest for well-lit and ventilated 
spaces transformed urban design and planning in 
the twentieth century (Banham 1984). Recently, the 
urban microclimate has been conceptualised as an 
‘artefact’ (Roesler 2017), and architects, landscape 
architects and urban designers increasingly design 
microclimates (von Richthofen 2018; Philippe Rahm 
architectes 2018) based on novel digital microclimate 
sensing and modelling (Ruefenacht et al. 2020; Bauer 
et al. 2015). As demonstrated in the case of Singa-
pore, the urban microclimate is subject not only to 
the global warming effects of climate change, but 
also to local heat absorbed and captured in the urban 
fabric resulting from urban configuration and use 
(Kayanan et al. 2019). The trending cooling strategy, 
for example, green façades, have a cooling effect 
only at close proximity (Acero et al. 2019). 

The measurement of the climatic condition 
of an urban space could help to validate the effec-
tiveness of potential cooling strategies. For example 
in Singapore, measurements in the elevation of a 
building podium provides higher air movement at 
street level. Remote sensing could provide informa-
tion about the surface temperature of horizontal sur-
faces (pavements, roofs, green areas). Indeed, sat-
ellite maps from Singapore have shown that dense 
vegetation and water bodies are the coolest surfaces 
during daytime (Philipp 2019; Nevat et al. 2020). Fur-
thermore, survey campaigns could reveal insights 
into people’s perceptions, awareness, beliefs and 
attitudes towards the environment that surrounds 
them. For instance, a survey conducted in Singapore 

Fig. 08.3  Automatic land-cover classification maps drive  
three-dimensional figure-ground models of built-up and 
agricultural spaces in Nizwa, Oman, for further 
morphological investigation. 

Fig. 08.4 Evaluating urban typomorphologies for case studies  
in Singapore using CityEngine during the 2018 Advanced 
Studies in Urban Design (AS-UD) course. 

F
C

L 
  

IN
D

IC
IA

 0
3 

  
A

  
 D

E
S

IG
N

 L
IV

E
A

B
LE

 D
E

N
S

IT
Y

226 227


