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Sustainable cities: how urban fabrics theory can help sustainable development

This paper investigates how influential urban planning is in delivering sustainable cities. We discuss the
impact of different urban fabrics — walking, transit and automobile urban fabric - on cities’ ecological
footprints and demonstrate it via case studies. We show significant advantages in terms of resource effi-
ciency that walking and transit urban fabric offer over automobile fabric when it comes to urban metab-
olism. The basic raw material demand of walking fabric has the potential to improve urban efficiencies
almost thirty times over the conventional automobile urban fabric in the same city. Also, combining
urban fabrics with the Finnish national travel survey revealed clear differences in mobility patterns and
related CO, emissions across urban areas and urban fabrics: walking and transit fabrics support and
encourage least carbon intensive modes of mobility. In informal settlements across the globe, with many
of the qualities of the walking urban fabric, community cohesion must be safeguarded when considering
infrastructure development for effective urban metabolism and supporting the SDG’s. The differences in
urban metabolism with urban fabric suggest that cities can make major contributions to sustainable de-
velopment through urban planning and design that respects and regenerates walking and transit urban
fabrics. The paper also shows how this approach can assist the emerging regenerative cities agenda.

Keywords: sustainable cities, town planning, SDGs, urban fabrics, regenerative cities
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Kestavit kaupungit: kaupunkikudosteorian vaikutus kestiviain kehitykseen

Téssa julkaisussa tutkitaan kaupunkisuunnittelun vaikuttavuutta kestdvien kaupunkien aikaansaamises-
sa. Pohdimme tapaustutkimusten kautta eri kaupunkikudosten vaikutuksia kaupunkien ekologiseen ja-
lanjalkeen. Osoitamme, ettd autokaupunkiin verrattuna jalankulku- ja joukkoliikennekaupungin kudok-
set ovat resurssitehokkaita ja tilld on merkittdvat myonteiset vaikutukset kaupungin metaboliaan.
Tapaustutkimusten mukaan jalankulkukaupungin materiaalitehokkuus voi olla jopa kolmikymmenker-
tainen suhteessa saman kaupungin autokaupungin alueisiin. Samoin Suomen valtakunnallisen litkenne-
tutkimuksen tarkastelu kaupunkikudoksittain osoitti, ettd kudokset poikkeavat selvésti toisistaan kulku-
kéyttdytymisen ja hiilidioksidipddstdjen osalta: jalankulku- ja joukkoliikennekaupungin kudokset
tukevat ja kannustavat vahahiilisiin kulkutapoihin. Epévirallisella asutuksella, jota on runsaasti eri mai-
den kaupungeissa, on useita jalankulkukaupungin kudoksen ominaisuuksia. Ndiden sdilymisesti, erityi-
sesti yhteisollisyydestd, pitdd huolehtia, kun harkitaan alueiden infrastruktuurin kehittdmista ja metabo-
lian parantamista. Kaupunkikudosten metabolioiden erojen tunnistaminen tarjoaa kaupungeille
mahdollisuuden merkittévésti vaikuttaa kestdviin kehitykseen sellaisella kaupunkisuunnittelulla, joka
arvostaa ja uudistaa jalankulku- ja joukkoliikennekaupungin kudoksia. Julkaisussa osoitetaan myos,
kuinka tdmé menetelmi voi tukea kaupunkien uusiutumista.

Asiasanat: kestdva kaupunki, kaupunkikudokset, SDGt, suunnittelu, uudistuvat kaupungit
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Hallbara stider: hur teorin om stadsvivnader kan paverka hallbar utveckling

Denna artikel undersoker hur effektiv stadsplanering ar att leverera hallbara stader. Vi diskuterar effek-
terna av olika stadsvdvnader pa stddernas ekologiska fotavtryck och demonstrerar det genom fallstudier.
Vi visar att, jimfort med bilstaden, ar fotgdngar- och kollektivtrafiksstaden mer resurseffektiva och det
har betydande positiva effekter nér det giller stads metabolism. Enligt fallstudier har fotgéngarstaden
potential att forbéttra stadens materialeffektivitetet néstan trettio ganger jamfort med bilstadsomradena.
Pé liknande sitt visade en dversyn av den finska nationella resvaneundersdkningen att stadsvdvnaderna
skiljer sig markant vad géller resebeteende och koldioxidutslépp: fotgingar- och kollektivtrafikstaden
uppmuntrar till mindre koldioxidintensiva sétt att rora sig. De informella bosittningar dver hela varlden
underhéller ménga av de kvaliteterna av fotgdngarstadsvdv. Dédr méaste gemenskapens sammanhéllning
sdkerstéllas ndr man overvager infrastrukturutveckling for effektiv stadsmetabolism. Informella bositt-
ningar, som finns i manga stader i olika ldnder, har minga fotgingarstadens kidnnetecken. Framtiden av
den hér typen av boséttningar, sarskilt deras gemenskap, maste tas hand om ndr man overvager utveckl-
ing av infrastrukturen och forbéttring av metabolismen i dessa omrdden. Att identifiera skillnaderna
mellan metabolierna i stadsvidvnaderna ger stiderna mojlighet att bidra betydande till den hallbara ut-
vecklingen. Det sker genom en stadsdesign som varderar och regenererar vivnaderna for fotgangare och
kollektivtrafik. I artikeln visas ocks& hur denna strategi kan mera allmént stdda agendan for regenere-
rativa stider.

Nyckelord: hillbar stad, planering, regenerativa stider, SDGs, stadsvéivar
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What could be a more timely topic to address than sustainable development and cities! With great
pleasure we introduce this cross-cutting analysis with insights into urban planning, material efficiency,
ecological footprint and the broad sustainability discourse. It is placed in specific country contexts from
the global South as well as the global North, aiding its value in contributing meaningfully on the global
scene.

This paper was originally written to support the knowledge gathering process around the 2019 Global
Sustainable Development Report (GSDR) of the United Nations as a background report invited by the
Independent Group of Scientists (IGS). The writing team consisted of scholars and practitioners from
the North as well as the South, combining knowledge and insights around the complex area and the
relentless question: What could in fact aid sustainable urban development going forward?

We hope you will be intrigued by the idea of urban fabrics as levering support for systemic change
when we strive towards the future of global and local cities in the most sustainable way we can envi-
sion.

In Helsinki on Sep 2, 2019

s |

Prof. Eeva Furman Dr. Emma Teriméa

Member of the Independent Group of Director, Sustainable Urbanisation
Scientists (IGS) Programme, SYKE

Director, Environmental Policy Centre,

SYKE

Reports of the Finnish Environment Institute 39/2019 7



8 Reports of the Finnish Environment Institute 39/2019



CONTENTS

Preface ..o 7
1 INtroduction ...........cooooiiiiiiiiiiiii e 11
2 Characterizing three urban fabrics ...............ccccccoiiiiiiinii, 13
3 Urban Fabric Elements, Functions and Qualities ............................... 16
3.1 Using Urban Fabric to Reduce and Regenerate Urban Metabolism ...... 16
4 Informal settlements and urban metabolism........................co.cooee. 26

5 Designing urban fabric to optimise and regenerate urban

IMETADOLISIT ....oooiiiiiiiie et e ettt eeeaeaeees 28
0 COMCIUSIONS ... e e 31
RETEICIICES. ... oot e e e e et e e e eaeanens 32

Reports of the Finnish Environment Institute 39/2019 9



10 Reports of the Finnish Environment Institute 39/2019



1 Introduction

Sustainable development of cities is fundamentally about the need to reduce the ecological footprint of
cities whilst improving their livability. The concept of urban fabrics has developed based on a division
of the city by different transport types or schemas (walking, transit, automobile) and can be used to mo-
tivate mobility-based zoning, planning and management (Newman et al., 2015). How the urban fabrics
should be recognized, respected and regenerated, lies within the core of the practical implementation of
sustainable development and environmental footprint reductions in cities. Furthermore, the Extended
Metabolism Model first suggested in 1999 functions as a basis for understanding sustainability through
material and (human) capital flows in cities (Newman, 1999; Newman & Kenworthy, 1999). As set out
in Figure 1, this can now be applied to the three urban fabrics as outlined in this paper. This novel, but
hopefully very practical approach could be most helpful in the day-to-day actions of planners and man-
agers in making sustainable development meaningful in cities, where so much growth is now enabling
opportunities for change. It also fits the global agenda being set by the UN’s Sustainable Development
Goals and the New Urban Agenda (2016), as well as fitting the climate change agenda and the emerging
agenda of the Planetary Boundaries (Steffen et al. 2011).

The approach using urban fabric theory will be set out in the next section, but it is important to see
why the division of cities into their three functional fabrics can offer significant new ways to address the
complex issues of sustainable development. Cities can be categorized based on the combination of their
urban fabrics (Newman & Kenworthy, 1989) using city level indicators to enable the comparisons of
different city regions and motivate change. Adequate categorization should also include the identifica-
tion of urban fabric areas and their overlaps. Although the city level categorizations are a powerful tool
to motivate cities to change their policies, they do not always show how best to start the change towards
sustainable development. As will be shown in this paper, to identify urban fabrics provides very clear
steps to manage their potential to change, in strategic level planning and decision making alike. Urban
fabrics can thus be used as a tool to set goals for the future as they provide: 1) a new way to structure
urban form; 2) a way to recognize, respect and amend through planning their obvious shortcomings; 3)
approaches to create solutions to tackle car dependency'; 4) a holistic viewpoint to assess urban sustain-
ability and urban metabolism; and 5) how to acknowledge differences between cities based on the levels
of each urban fabric. Urban fabrics theory does not distinguish between different administrative sectors
but provides a good platform for consolidation of goals and planning procedures which are often miss-
ing in modernist planning. This paper seeks to pursue each of these perspectives and illustrate them with
particular case studies.

In this paper we investigate how urban fabrics can provide pathways to more sustainable urban mo-
bility and metabolism and to show how this can engage all the other key elements of sustainable devel-
opment. We demonstrate how the urban fabrics have been used in different country contexts and can be
related to the metabolism concept in practice. In this way, urban fabrics theory can target a simultaneous
reduction in cities’ ecological footprint whilst improving urban livability. We utilize the theory of urban
fabrics to explain the relationships and to suggest how a city can respond to urban metabolism through
new orientation of combined urban and transport planning by urban fabrics in order to contribute more

" To tackle car dependency and promote sustainable transport options, there is a need to build the principles of
urban fabrics theory into city planning. This is achievable by developing methods and tools that are easy to apply
in practical planning situations. The urban fabrics method is applicable to cities worldwide, although exact criteria
and city typologies should be modified as appropriate to different cities.
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significantly to sustainable development. To highlight possible development pathways we give exam-
ples of the links between the urban fabrics and transport/metabolism from urban areas across the globe.

Health Lesuire activities
Employment Accessibility
Income Urban desing
RESOURCES DYNAMICS OF Education quality
INPUTS SETTLEMENTS Housing  Community

Land
Water

Food

Energy

Building material
Other resources

Transportation priorities
Economic priorities
Cultural priorities

Solid waste  Air pollutants
Liquid waste Greenhouse gases
Toxics Waste heat
Sewage Noise

Figure 1. Extended metabolism model of human settlements, modified from Newman (1999)2.

% This diagram shows how conventional approaches to city management just saw the metabolism of a city as a
linear process. Much more is now being done to make this a more circular approach as outlined in the paper.
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2 Characterizing three urban fabrics

The theory of urban fabrics was developed by Newman, Kenworthy and Kosonen (2015) after Australi-
an researchers (Newman & Kenworthy, 1989; 1999; 2015) came together with Finnish planners and
researchers (see e.g. urbanfabrics.fi, and Soderstrom et al., 2014). The aim of this theory-practice part-
nership was to help planners recognize, respect and regenerate the three urban fabrics, as opposed to just
one as suggested by modernist city planning, and the schema behind that, since the 1940s”. The theory
of the three urban fabrics within a city enables planners to create strategies for managing different urban
areas, and especially to recognize that some urban fabrics have inherently more sustainable properties
that need to be optimised and extended to other parts of the city, most probably because they were built
in eras before modernist planning began to create highly unsustainable urban forms.

The original typologies of the three city types are set out in Figure 2 (Newman & Kenworthy,
1999). There are three city types from history that form the basis of urban fabric theory: walking cities,
transit cities and automobile cities. Most cities today have a mixture of all three urban fabrics. The fun-
damental problem with 20™ century town planning has been the belief that there is only one type of city:
the automobile city. The need is to recognize, respect and regenerate each of the urban fabrics, but, as
we will show, it is the automobile city that is the most resource consumptive type of urban fabric. The
rediscovery of the other city types or fabrics has been a significant factor in the reduction of automobile
dependence as a paradigm in town planning and thus focuses our ability to reduce and eventually regen-
erate urban footprints. The contemporary ‘biking city’ fits into all fabrics, however it largely falls with-
in the realm of the intersection of walking and transit fabrics, and in many ways has replaced old ‘tram
fabric’ in cities like Copenhagen. Thus bicycle infrastructure is reinforcing the sustainability of walking
and transit fabric but the automobile city fabric remains largely unscathed by bicycle city endeavours as
distances/times are too great. There are many signs of the transit city intersecting with automobile city
fabric and creating significant potential to create sustainable development outcomes as outlined below.

Walking Cities have existed for most of settlement history since walking, or at best animal-powered
transportation, was the only form of transportation available to enable people to get across their cities at
walking speeds of around 3-4 km/h. Thus walking cities were dense, mixed-use areas of generally over
100 persons per ha with narrow streets, and were mostly no more than 3 to 4 kilometers across, or
roughly 2 km in radius. The most intensive part is within a 1 km radius of some central point such as the
main city square or plaza.

Walking cities were the major urban form for about 8,000 years, but substantial parts of old cities
retain the character of a walking city, even though today they can be much larger than 4 km in diameter
once mixed with intensive transit fabric. Kracow and Venice are, even today, mostly walking cities. In
squatter settlements common to many Latin American, African and South Asian urban environments,
the urban fabric is usually a walking city with narrow, winding and often unsealed streets suitable only
for walking.

3 For analysis on modernist planning, see e.g. Beauregard, 1991; Fuller & Moore 2017.
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Figure 2. Automobile city, transit city and walking city, a mixture of three city types. Source: Newman & Kenworthy
(1999).

Most contemporary cities have central areas that are predominantly walking cities in character,
though they struggle to retain the walking urban fabric due to the competing automobile fabric which
now overlaps with it. Many cities worldwide are trying to reclaim the fine-grained street patterns associ-
ated with walkability in their city centres and they find that they cannot do this unless they respect the
qualities of the urban fabric of ancient walking cities (Gehl, 2011). Many modern cities are trying to
create new urban centres and want to make them truly walkable but often don’t have the tools to do it as
modernist planning manuals rarely consider them. The new NACTO manuals are an exception (National
Association of City Transportation Officials, 2016).

Transit Cities from about 18501950 were based on trains (from 1850 the steam train began to link
cities and then became the basis of train-based suburbs) followed by trams (from the 1890°s) that ex-
tended the old walking city. Both could travel faster than walking — trams at around 10-20 km/h and
early trains at around 20 — 40 km/h. Such cities could now spread out forming the inner transit city 10-
20 km across (5-10 km radius with an average around 8 km) and with trains forming the outer transit
city at a distance of 20-40 kilometers (10-20 km radius).

Trams created linear development (trams, being slower and with closer spacing of stops, led to
strips of walking urban fabric) and dense nodal centres along corridors (following faster heavy rail lines
with walking urban fabric at stations like pearls along a string). Densities could be reduced to around 50
persons per ha as activities and housing could be spread out further, although they could also be signifi-
cantly denser than 50 persons per ha. People still needed walking fabric around the stations.

Trains supplemented by buses are, up to this day, the basis of outer transit urban fabric. These can
go out much further than the old tram and old subway networks and the fabric is based on corridors of
dense sub-centres created by transit with an average speed of around 40 km/h. These developments go
out 20 km or more from the city centre, depending on the speed of the trains. Busways and bus rapid
transit (BRT) are now doing the same in newer areas of many cities wherever they are freed up from
other traffic and Trackless Trams are potentially fitting into this urban fabric in the future (Newman et
al, 2019).
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Most old European and wealthy Asian cities retain this transit urban fabric, as do the inner cores
and corridors even in newer cities that mostly developed in the automobile era. Many developing cities
in Asia, Africa, and Latin America have the dense corridor form of a transit city, but they do not always
have the transit systems to support them apart from buses stuck in traffic, so they become automobile-
saturated or motorcycle saturated. Singapore, Hong Kong and Tokyo have high densities in centres
based on mass rail public transit linkages and this dominates their transportation modal split. Many Chi-
nese cities such as Shenzen, have quickly built metros to enable their dense corridors to become more
functional. Cities such as Jakarta and Dhaka have grown extremely quickly with dense, mixed use trans-
it urban fabric but the development is based predominantly on buses and paratransit; the resulting con-
gestion shows that their activity intensity can only be properly serviced by mass public transit. Most of
these emerging cities are now building the public transit systems that suit their urban form. China and
India are building innumerable metro rail systems to support their dense transit urban fabric with signif-
icant sustainable development achievements (Newman et al., 2013; Gao & Newman, 2018).

Automobile cities that are looking to create transit options often are without reasonable densities
around train stations and are finding that they need to build up the numbers of people and jobs near sta-
tions otherwise not enough activity is there to support such transportation options without extensive
feeder systems and Park and Ride. Cities in Canada, Australia and parts of the USA are building transit
urban fabric and walking urban fabric to support these modes with walk-on transit users (Newman and
Kenworthy, 2015). New fast trains can extend the transit city way beyond the previous maximum dis-
tance of about 20 km radius and deep into automobile urban fabric (McIntosh et al., 2013). When fast
trains averaging 80 km/h are built across big cities then a new kind of polycentric transit city fabric
emerges around each of the main stations.

Automobile Cities from the 1950s onward spread beyond the 20 km radius to some 80 km in diameter
(up to 40 km radius) in all directions, and at low density because automobiles can average 50-80 km/h
while traffic levels are low. These cities spread out in every direction (where physically possible) due to
the flexibility of automobiles and with zoning that separated activities.

Where buses were used as a supplementary service to the automobile, there was a missed oppor-
tunity to continue creating transit city corridors. Instead, these cities became subservient to automobiles
in the new automobile urban fabric thus providing limited public transit, mostly unattractive and infre-
quent bus services to support their sprawling suburbs. Within a generation such areas became the basis
of automobile dependence (Newman & Kenworthy, 1989) and automobility (Urry, 2004). Cities in the
world from around 1950 have used their growth to build automobile dependent suburbs as their main
urban fabric; it is not surprising that this growth has happened with significant increases in their urban
metabolism and are hence the target of much focus for the sustainability agenda.

Many European and Asian cities are now building some suburbs around their old transit urban fab-
ric, though the densities still tend to be higher than in the USA or Australia and access to transit services
are often still feasible but distant and require car, bus or bike connections (Nilsson et al., 2014). In
Asian cities especially, the use of private automobiles is often supplemented by large numbers of mo-
torcycles that seem particularly to thrive in transit urban fabric due to the shorter distances needed. In
cities and parts of cities that are built around the automobile there is a similar need to recognize the ur-
ban fabric and respect it for what it contributes to the urban economy just as was suggested above for
walking and transit urban fabric. However, there is also a need to see that there are real issues associated
with the dominance of such automobile urban fabric, especially where it extinguishes the best features
of walking and transit fabric and expands the urban metabolism as well as the ecological footprint.

Reports of the Finnish Environment Institute 39/2019 15



3 Urban Fabric Elements, Functions and Qualities

In Tables 1 to 4 we have set out the basic features of urban fabrics. They are based mainly on the practi-
cal experience of the City of Kuopio, Finland, a small regional city with an historic core and many new
auto-based suburbs that needed to be given a new future as well as the older parts of the city needed to
be respected and regenerated. Over the past 20 years the city planners applied the theory of urban fab-
rics in Kuopio’s planning and then, as outlined below, other data from Finnish cities were collected and
confirmed the patterns. The local experiences from Kuopio have been complemented by other, global
experiences, especially in the city of Perth, a newer city but still one that demonstrates the three urban
fabrics, though automobile urban fabric dominates. Perth provided much of the data on the metabolism
data set out below on the three urban fabrics as well as other material from Newman and Kenworthy’s
Global Cities Database on energy (Newman and Kenworthy, 2015) and the data on informal cities is
from Teferi & Newman (2017, 2018).

The tables show:
1. Urban fabric areas (spatial dimensions and boundaries for each urban fabric);

2. Urban fabric elements (physical components which are the working buildings and infrastructure
that enable each urban fabric to function in its own way);

3. Urban fabric functions and lifestyles (the habits, ways of life and business functions of the users
and providers in each fabric); and

4. Urban fabric qualities (the measurable outcomes in terms of urban form, transport, economic,
social and environmental qualities in each urban fabric).

3.1 Using Urban Fabric to Reduce and Regenerate Urban Metabolism

Modernist urban planning is almost universally applied to cities. It creates predominantly an automobile
city set of fabric areas and fabric qualities, with their associated metabolism. The dominance of this
paradigm is what will be required to shift the current trajectory away from the local problems such as
traffic congestion and the global agendas such as Planetary Boundary transgressions outlined by Steffen
et al. (2011) and the agenda called for by the United Nation’s New Urban Agenda (2016).

This transition has begun to occur as the world is witnessing ‘peak car’ and a dramatic growth in
transit and walking city fabric (Newman and Kenworthy, 2015). The new era appears to be shifting
away from automobile urban fabric. This demands that we have a more coherent set of planning norms
that can more easily accommodate a reduction in metabolism and improved livability associated with
less automobile urban fabric. To help analyse alternative structure and organization of (public) transit
networks, as well as the accessibility and the level of service these networks provide, we can benefit
from improved global data accessibility and options (Kujala et al., 2018). The town planning system is
going to need support if the aim is to change away from its orientation to automobile urban fabric; its
statutory regulations on densities, car parking, mixed use and other key regulations that still end up pro-
ducing automobile urban fabric will need to be reviewed.
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Table 1. Urban Fabric Areas

WALKING CITY TRANSIT CITY AUTOMOBILE CITY
1. Dimensional radius 0-2 km 0-8 km 0-20 km
Outer dimension 1-2 km 8-20 km 20-40 km
Table 2. Urban Fabric Elements
WALKING CITY TRANSIT CITY AUTOMOBILE CITY
1.Street widths Narrow Wide enough for tran- ~ Wide enough for

2. Squares and public
spaces

3. Street furniture

4. Street networks

5. Block scale

6. Building typologies

7. Building setbacks

8. Building parking

9. Level of service for
transport mode

Frequent as very little
private open space

High level for pedestri-
an activity

Permeable for easy
access; enables good
level of service for
pedestrians

Short blocks

High density minimum
100/ha usually

Zero setbacks

Minimal for cars, seats
for pedestrians, bike
racks

Pedestrian services
allow large flows of
pedestrians

sit
Less frequent as more
private open space

High level for transit
activity (bus stops,
shelters)

Permeable for pedes-
trians, networks to
reach transit stops,
corridors enable good
levels of transit service

Medium blocks

Medium density mini-
mum 35/ha usually

Setbacks minimal, for
transit noise protection
and more space

Minimal for cars, seats
for pedestrians, often
good bicycle parking

Transit services allow
large flows of transit
users

cars/trucks

Infrequent as much
greater private open
space

High level for car activ-
ity (signs, traffic lights)

Permeability less im-
portant, enables high
levels of service for
cars on freeways,
arterials and local
roads. Bus circulation
often restricted by cul-
de-sac road structure.

Large blocks

Low density <35/ha,
often much less than
20/ha

Setbacks large for car
noise protection and
extra space

Full parking in each
building type

Car capacity allows
large flows of cars
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Table 3. Urban Fabric Functions and Lifestyles

WALKING CITY TRANSIT CITY AUTOMOBILE
CITY
1. Movement / accessibility  High by walking High by transit High by car
- Across urban fabrics Medium by transit Medium by walking Low by transit
Low by car Medium by car Low by walking
2. Consumer services High local High in corridors, High, especially
. Shopping especially sub cen- shopping centres,
tres but dispersed
- personal services Specialty niche ser- Mostly shopping All shopping cent-
vices centres res
3. Large scale consumer Low Medium High
services, e.g. hypermar-
kets, warehouse sales, car
yards
4. Industry functions Small Medium Large
- more white collar - more labour inten- - more blue collar
sive, e.g. hospitals,
education
5. Face-to-Face functions, High Medium Low (Medium)
e.g. finance, creative,
knowledge exchange
6. Lifestyles by urban fabric
- Walking city lifestyles major possible not possible
- Transit city lifestyles possible major difficult
- Automobile city lifestyles  possible possible, common major
Table 4. Urban Fabric qualities
WALKING CITY TRANSIT CITY AUTOMOBILE CITY
1. Urban form qualities
- Density High Medium Low
- Mix High Medium Low
2. Transport qualities
- Car ownership Low Medium High

18 Reports of the Finnish Environment Institute 39/2019



- Level of service High for pedestrians  High for transit users  High for car users

- Transport activity High pedestrian High transit activity High car activity
activity

3. Economic qualities

- Development infrastruc- Low - Medium Medium - Low High
ture, costs per capita

- GDP per capita High Medium Low
- Labour intensity High Medium Low

4. Social qualities

- Difference between rich Low Medium High

and poor

- Ability to help car-less High Medium Low

- Health due to walking High Medium Low

- Social capital High Medium Low

- Personal security Variable Variable Variable

- Traffic fatalities Low Low Medium to High

5. Environmental qualities

- GHG per capita and Oil Low Medium High
per capita

- Waste generated per Low Medium High
capita in buildings and
households

- Ecological footprint per Low Medium High
capita

Wherever possible when planning for greenfield and brownfield urban areas automobile fabric
should be minimized in favour of higher density transit and walking fabric so as to maximise resource
efficiency. In addition, new developments should seek infrastructure synergies at the energy, water and
waste nexus (GIZ and ICLEI 2014). Such integration of utilities can optimise efficiency between nexus
elements through industrial ecology (see e.g. Ayres and Ayres, 2002), which is a strong global agenda
but usually does not recognize the spatial agenda outlined in this paper.

The emerging concept of regenerative cities seeks to optimise urban metabolism to mitigate adverse
environmental impacts. Girardet (2010, 2015) has written extensively on the regenerative cities and in
2013, UN-Habitat's World Urban Campaign in the lead up to Habitat III called for a new urban para-
digm in the publication The Future We Want, The City We Need which stated, “The city we need is a
regenerative city” (UN-Habitat, 2013). Regenerative cities, with their circular metabolism, will need to
create new urban metabolism outcomes in all three urban fabrics in all kinds of cities across the globe.
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How then do we begin to practice town planning based on the theory of urban fabrics to advance
sustainable development and even the regenerative city concept? How do planners manage cities in this
rapidly changing set of factors outlined above and where the 20" century modernist certainties about
automobile urban fabric are now losing their appeal? Transitioning to sustainable urban forms that sup-
port an efficient circular urban metabolism will require a new way of thinking, a schema that can be the
framework to find optimal combinations of the right urban fabric, infrastructure integration, and tech-
nology.

To develop this integrated model of urban fabrics, infrastructure and technology, a series of case
studies will be examined to see how the data on such cities can be used to illustrate.

Perth, Australia

Thomson and Newman (2018) have done a detailed analysis of the urban metabolism in Perth to
demonstrate how it varies across the three urban fabrics. Tables 5 and 6 show the resources and wastes
associated with the three fabrics. These data show the variations in energy, water, land, food, and basic
raw materials in the three areas of the city as well as the wastes produced from this. There are very dif-
ferent metabolism flows in the three different fabrics.

The fundamental structural difference in the three urban fabrics dominates the differences between
the three kinds of urban systems. Further analysis was done to show how technology and innovation in
the construction industry could reduce this metabolism. Figure 3 shows how this reduces the quantities
of resources and hence wastes considerably but there is still a very strong spatial element that underlies
the differences in the metabolism. This highlights the importance of urban planning in sustainable de-
velopment.

AUTOMOBILE URBAMN FABRIC

BAU 288T
<

TCl

TRAMSIT URBAM FABRIC

@ WALKING URBAN FABRIC
v L 4

@ @157

Figure 3. Variations in basic raw materials used for construction with urban fabric and with technology and con-
struction innovation, in Perth, Australia. BAU is business as usual, TCl is technology and construction innovation.
Source: Thomson and Newman, 2018.
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Table 5. Resource input variations between urban forms. Source: Thomson and Newman, 2018.

INPUT

(Per Person Per Year)

Resources

Fuel in Megajoules (MJ)1

Power in Megajoules (MJ)2
Gas in Megajoules (MJ)2

Total Energy in Gigajoules (GJ)2
Water in Kilolitres (KI)?

Food in Kilograms (kg)3

Land in Metres Squared (mz)4

Urban Footprint in Hectares
(ha)®

Automobile City

50 000
9240
4900
64.14
70

451
547

2.29

Transit City

35 000
9240
2940
47.18
42

451
214

1.97

Basic Raw Materials (BRM) for New Building Types Per Person®

BRM 1) Sand in Tonnes (T)
BRM 2) Limestone in Tonnes (T)
BRM 3) Clay in Tonnes (T)
BRM 4) Rock in Tonnes (T)

Total BRM in Tonnes (T)

111
67
44
66
288

73

44

29

43

189

Walking City

20 000
9 240
2940
32.18
85

451
133

1.78

57
34
23
33

147

Table 6. Waste output variations between urban form types. Source: Thomson and Newman, 2018.

OUTPUT
(Per Person Per Year)
Waste

Greenhouse Gas (Fuel, Power
& Gas) in Tonnes (T)1

Waste Heat in Gigajoules (GJ)2

Sewage (incl. storm water) in
Kilolitres (KL)*

Construction & Demolition
(C&D) Waste in Tonnes (T)4

Household Waste in Tonnes
(T)°

Automobile City

8.01

64.14

80

0.96

0.63

Transit City

5.89

47.18

80

0.57

0.56

Walking City

4.03

32.18

80

0.38

0.49

Reports of the Finnish Environment Institute 39/2019 21



Finnish city regions

In Finland, the basic concepts of the theory of urban fabrics have been applied in several studies analys-
ing the development of urban form since the Kuopio case (e.g. Ristiméki et al. 2017, 2013). The majori-
ty of Finnish cities have strong walking and transit urban fabric based on the historic eras when they
were built; however the recent trend in urban form in Finland is wide-spread urban expansion or urban
sprawl based on automobiles. Much of this has been in peri-urban areas within small villages that have
become satellite areas for the cities. In the 2010s the sprawling development trend has halted, and even
turned into densification policies. Similar trends were found in most developed cities (Newman & Ken-
worthy, 2015). The reasons for this reversal can be related to the global economic downturn but even in
cities where this was minor there was a peak in car use associated with densities going up and signifi-
cant growth in transit due to rail systems becoming significantly faster than traffic which grew into sig-
nificant time barriers (Newman & Kenworthy, 2015).

In Finland, these new policies have been particularly taken up in urban centres, as well as in their
immediate vicinity in cities over 100,000 inhabitants. However, the development varies greatly between
urban regions, since the structural change of the economy is increasingly dividing the regions into high-
growth and declining areas. While the largest growth areas invest in the development of public
transport, the declining areas continue to spread out their already sparse structure (Ristiméki et al. 2013;
2017).

In one extensive research project, the urban form was analysed in 34 Finnish regions using the zon-
al approach based on two level areal definitions (Ristiméiki et al., 2013). First, the urban regions were
divided into urban, peri-urban and rural areas (Figure 4). Second, they were divided according to their
urban fabric into pedestrian, transit and car-oriented zones following their location in the urban form
and their public transport supply. The results show how remarkably in the pedestrian and transit zones
the modal share of car-use and the related carbon dioxide emissions of transportation are lower com-
pared to the car-oriented zone, mostly to be found in areas less densely populated.

In an analysis combining urban fabrics with the Finnish national travel survey, clear differences
were found in mobility patterns and CO, emissions caused by passenger transport and mobility (Figures
6 and 7) (Ristiméki et al., 2013). The distance between e.g. home and work factors impacted greatly,
still the availability of public transport and a walkable urban environment had a clear connection with
transport choices.

In another detailed analysis the key factors affecting the future of the urban form in 14 Finnish city
regions were identified (Ristiméki et al., 2017). Current development plans were used to assess what
kind of urban form plans anticipate sustainable development outcomes. According to the results from
these intermediate and small cities, the intensified development of the walking city will continue, and in
many urban regions it is associated with a number of walking and cycling improvement projects (Ri-
stimaki et al., 2017).

Except for the largest regions, the strengthening of the transit city is uncertain. In several urban re-
gions the survival and the formation of the transit city would require much greater orientation of land
use to support public transport as well as prioritizing for such services. Kuopio showed how to prioritize
transit in a new corridor that had been highly car-based but a bus-only bridge transformed the possibili-
ties for transit and enabled much more density near its route. Car city-orientated growth seems to con-
tinue on the basis of plans up to 2030, which is in many cases in contrast with the cities’ own objectives.
One key challenge is the supply of high-quality housing located in the walking and transit city, suitable
for families with children. Otherwise, the demand of large apartments may again be realized in the car
city areas, far away from jobs and services (Ristiméaki et al., 2017).
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Helsinki Region
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Figure 4. Example of areal definitions at the regional scale (source: Ristimaki et al., 2013).
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Figure 5. Example of areas divided into pedestrian, transit and car-oriented zones (source: Ristimaki et al., 2013).
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Figure 6. Daily mileage per transport mode (passenger km) for inhabitants in Helsinki functional metropolitan area
2010. (source: Ristimaki et al., 2013).
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Figure 7 Carbon dioxide emissions of transport (g/inhabitants, weekday) in Helsinki functional metropolitan area
2010. (source: Ristimaki et al., 2013).
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4 Informal settlements and urban metabolism

Urban metabolism modelling provides a tool for understanding and monitoring the performance of ur-
ban structures, not just in terms of GHG emissions but also as they relate to broader sustainability ele-
ments. These include water, waste, transport, and materials, as well as all the elements of livability in
cities across the globe (Newman et al., 2017). As modelling of urban metabolism, and indeed of urban
systems improves, there is growing evidence that human settlements everywhere have large untapped
sustainability potential. Not only may cities potentially have no net (negative) impact, but they may
even become regenerative in terms of energy, water, food and biodiversity. Each of these elements
needs an understanding of urban stocks and flows, which can be provided through an urban metabolism
analysis (Newman et al., 2017).

The Extended Metabolism Model can assist in understanding both the potential to create settle-
ments that are ‘zero carbon’ but also evaluate whether they are achieving the SDGs at the same time
(United Nations, 2016). There is little literature on the application of the Extended Metabolism Model to
informal settlement improvement apart from Arief (1998) and now Teferi and Newman (2018). The
latter examine whether the Extended Metabolism Model can illuminate good practice in informal set-
tlement improvement as it pertains to urban planning policy and sustainability.

In the following, the work on two informal settlements by Teferi and Newman (2018) is described
for two major developing cities: Jakarta, Indonesia and Addis Ababa, Ethiopia. Jakarta has a very dif-
ferent culture and climate to Addis Ababa, but they share the urban growth and economic issues faced
by many emerging cities. The analyses benefit from the above theories of urban metabolism and urban
form and indeed suggest that informal settlements have much of the character of walking urban fabric.

Jakarta, Indonesia

Jakarta is a mega city with a population of 10 million and a high proportion of informal dwellings (Aji,
2015). The area examined is called Ciliwung with an adjacent high-rise incorporating residents trans-
ferred from a slum clearance project. The results (Teferi & Newman, 2018) depict a small decrease in
the metabolism of the residents in the high-rise housing in comparison to the informal river bank settle-
ment dwellers. This is likely due to better technology and living conditions as well as having to pay for
their energy and water as opposed to the informal settlements where formal energy and water provision
are lacking and therefore unmetered. The wastes are much better managed in the high-rise, as is to be
expected. The improved economic livability in the high-rise development is due to a reduction in pov-
erty, but there is a striking difference in the social parameters: it is clear that the informal settlement has
much better social capital. Teferi and Newman (2018) describe much higher levels of community trust
and neighbourliness despite the poverty: “The residents like living there as they have a strong communi-
ty that supports each other.” Such settlements are highly dense with just small spaces between buildings
and hence are walking urban fabric that should be respected and regenerated.

Addis Ababa, Ethiopia

Addis Ababa contains 30% of the country’s urban inhabitants with a population of around 4 million.
About 120,000 new residents are added to the city every year. Most of this takes place in the informal
settlements where around 80% of Addis Ababa inhabitants live (Teferi & Newman, 2017). The settle-
ment of Arat Kilo is an old, socially mixed slum, where formal and informal structures coincide (Teferi
& Newman, 2018). It incorporates diverse housing typologies, ranging from single detached houses to
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poor dwellings. The age, construction quality, and infrastructural provision within the buildings are
overall substandard. Comparing the informal settlement to a high-rise settlement with dwellers from a
former slum nearby, Teferi and Newman (2018) show resource consumption of energy and water are
very similar with only small GHG emissions by comparison with most households in most cities (New-
man et al., 2017). The reduction in usage when people move to high-rise is probably due to them gener-
ally having to pay more than in the informal settlements for power and water which as in Jakarta are
often not in formal supply. In terms of liquid and solid waste production, each of the slum groups were
almost the same as the production of solid and liquid wastes from the high-rise condominiums. Though,
there is a vast difference in how they are disposed (collected). This is because of the limitations of tech-
nology in the informal settlements. Despite the fact that the high-rise apartments produce a little fewer
wastes, the amount generated is almost similar, which is consistent with the expected result from the
metabolism model.

What is evident across the board in studies on people living in informal settlements compared to those
transferred through slum improvements to high-rise settlements is that the metabolism is very similar
though the community cohesion is not as strong as with the slum dwellers. The level of social interac-
tion among the informal settlements is very high: they meet each other almost every day and generate
strong levels of trust that leads to sharing of assets. There is clearly a strong community in slum settle-
ments based not only on Teferi and Newman (2018) but others e.g. Baud et al. (2012), Nijman (2010)
and Dhesi (2000) on India. The physical improvements that have been undertaken in the high-rise build-
ings compared to the slum settlement have often not brought about concomitant improvement of social
conditions. “If the same level of physical infrastructure and access to the formal economy could be pro-
vided to the slum dwellers without removing their social structures, then it would obviously be a better
way to improve such settlements” (Teferi & Newman, 2018).

As shown above, the efforts to capture information akin to the principles of urban metabolism or
indeed urban fabric in informal settlement conditions is extremely difficult. Still, such early studies are
suggestive of the need to respect local urban fabrics and regenerate them for improvement of infrastruc-
ture using small scale technologies such as solar, water tanks and small sewerage systems. The modern-
ist planning approach of slum clearance followed by high-rise replacements, sometimes on the urban
fringe, is similar to the problems with modernist planning now being found in developed cities (New-
man et al., 2017).

What would be further interesting, is mapping such informality as part of a mega city within the
logic of the three urban fabrics, and extending the analysis to evaluating more precisely the accessibility
options and their emissions impacts with suggested pathways forward. Whilst it is undisputed that the
housing conditions form an important part of the metabolism analysis, further examination of access
options and their metabolism effects would warrant more detailed investigation. In order to engage with
the formal economy, people still need mobility, and the urban fabric thinking can assist in finding sus-
tainable development pathways that support both sustainable urban mobility solutions while improving
the economic conditions of those in informal settlements (Hernandez & Davila, 2016; Hernandez &
Titheridge, 2016).
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5 Designing urban fabric to optimise and regenerate
urban metabolism

At any stage in a city’s history the patterns of land use can be changed and the opportunities taken to
enable a regenerative approach. If cities are shaped by their transportation systems which in turn have a
major impact upon urban metabolism and equal access, then the most important policy and planning
direction to reduce the ecological footprint and increase equal mobility opportunities, is for the city to
restrict the development of a car-based urban fabric in favour of the transit and walking fabric. Howev-
er, when redeveloping existing urban areas it will be necessary to carefully co-ordinate land use intensi-
ty concurrently with the imposition of new transportation systems over the urban fabric, or else risk a
mismatch which may render them largely dysfunctional.

Creating new, or regenerating old, urban areas for sustainability requires first a consideration of the
transport mode and building typologies as these shape and define the urban fabric. An integrated ap-
proach offers greater opportunities for optimization of urban metabolism (Bunning et al., 2013; GIZ &
ICLEL 2014; Newman, 1999; Newton et al., 2012a; Newman et al., 2017).

An individual building can, and should be optimised in terms of its metabolism. However, devel-
opment needs to address at least the neighborhood or city district scale to benefit from the additional
opportunities for optimization offered by the urban fabric including district utility and community ser-
vices. Integrated design has the potential to deliver transitional, decentralised, sustainable neighbor-
hoods that cumulatively work toward delivering a regenerative (or in the least more sustainable) city.
The city district is likely an optimal scale to trial innovative processes and technologies. Successful
prototypes can in turn inform urban policies or guide institutionalised financial incentives to ultimately
mainstream the type of sustainable urbanism needed to reduce the ecological footprint of entire cities or
city regions through the optimisation of their urban metabolism. An example of such a process is the
WGV precinct in Fremantle, Australia where 100 units of development have been able to show not just
a zero carbon outcome but to have fulfilled all 17 of the Sustainable Development Goals (Wiktorowicz
et al, 2018).

Particular strategies will be needed for each component of an urban footprint to collectively reduce a
city’s urban metabolism and work toward the delivery of a regenerative city. For example:

1. Energy can become regenerative if the fuel used to build and operate buildings and build and
run transport, is renewable, and the amount of renewables greater than is actually being con-
sumed by the city. The rest can be used to help power and fuel the surrounding bioregion. This
is likely to include highly energy efficient buildings and maximising the available sites to create
renewable energy from sun, wind and geothermal sources to power electric systems in buildings
and transport as well as renewably-powered gas such as hydrogen (Droege, 2008; Newman &
Kenworthy, 2015; Terama et al., 2017, 2018). Such innovations will vary across the three urban
fabrics especially in the ability to use roof-top solar (Newton and Newman, 2013).

2. Water can become regenerative if there is a big emphasis on water efficiency as well as collect-
ing rain water and ground water, and recycling waste water and any excess is used to help re-
generate aquifers and water bodies in the bioregion. This can be done with current technologies
and can relate to all three urban fabrics with different techniques depending on the space availa-
ble for water sensitive urban design.
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3. Biodiversity can become regenerative if it is built into every part of the urban fabric (Paloniemi
et al., 2017). Such nature-based urbanism approaches may include green roofs and green walls,
the so-called biophilic urbanism approach that works best in high density walking fabric where
whole new urban habitat is possible to create as in Singapore (Newman, 2014). Also water re-
tention parklands and other water sensitive designs need to be used to create more resilience to
natural events and increase habitat opportunities (Beatley, 2009; Kellert et al., 2011; Newman,
2014; Newman and Matan, 2013) which can occur in less dense urban fabrics. The greening of
degraded urban land is a common theme in best practice urban regeneration, for example where
hardscape such as roads can be retrofitted or surface parking redeveloped and revegetated
(Dunham-Jones & Williamson, 2008; Gehl & Rogers, 2013; Newton et al., 2012b).

4. Solid waste can be reduced to very small amounts (as outlined above in the urban fabrics dis-
cussion) but can only be regenerated if new systems of waste management are created. However
the return of carbon, phosphorus, nitrogen and other trace elements to surrounding soils can be
done through recycling presently being demonstrated in many cities. Nutrient recycling can also
provide rich growing mediums for urban agriculture (Newman & Jennings, 2008).

The transformation of automobile fabric would appear to offer the greatest opportunities for sus-
tainability improvements. This is good news for the sprawled cities of the USA, Australia and Canada
with their high ecological footprint but also large areas of automobile fabric that may be regenerated.
This is not to say there is no place for automobile fabric in low-density areas as lower density automo-
bile fabric does offer some advantages, namely:

e Qreater space for activities involving freight and recycling, as well as space for roof-top solar

e Space for private gardens that can also be used for local food, including deep rooted planting for
trees

e Opportunities to incorporate ecosystem services such as biodiversity habitats, carbon sequestra-
tion and urban community-based agriculture.

However, the aggregate benefits to a city, and its surrounding hinterland, are increased with the
higher population density of transit and walking urban fabric because they offer:

e Viable catchments to meet business cases for improved public transport, distributed utilities,
and greater service, job and retail density

e QGreater proximity to services, shops and jobs to reduce vehicle kilometers travelled and to sup-
port a vibrant walking, cycling and transit community

e Reduced embodied energy through lower material requirements, e.g., shared walls, or shorter
infrastructure lengths with much lower per capita cost

e Reduced encroachment upon adjoining productive land or valuable ecosystems.

In addition to optimizing urban fabric, a regenerative design overlay can further drive down the
ecological footprint of an area. An integrated approach to the provision of urban systems, and monitor-
ing by an urban metabolism analysis, can offer city makers a powerful tool for further environmental
gains and build a powerful narrative of positive change. Regenerative design considerations might in-
clude:
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e Urban applications of industrial ecology, e.g. seeking synergies between, and productive uses
for, solid and liquid waste which might be used to create biogas or fertilizer for urban food pro-
duction

e Technology and construction innovation to reduce material inputs and improve building per-
formance e.g. prefabrication

e Substitution of centralized (and usually hydrocarbon powered) energy, water and waste man-
agement systems with distributed infrastructure e.g. solar photovoltaics, trigeneration (com-
bined cooling, heat and power), water sensitive urban design, grey water, black water and nutri-
ent harvesting

e Provision of infrastructure for sustainable mobility solutions and services, e.g. charging stations
and parking reserved for shared vehicles

e Secking to understand and enhance the bioregional qualities of the subject urban area, and re-
flecting this in the built form and public space, as opposed to the conventional practice of ho-
mogenous application of modernist planning principles that have facilitated the global spread of
automobile urban fabric.
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6 Conclusions

This paper demonstrates that city planning decisions are highly influential in delivering sustainable cit-
ies because different urban fabrics have different impacts on the cities’ livability as well as ecological
footprints, not least due to their urban metabolisms. This is demonstrated in the Perth case study that
shows the significant advantages in terms of resource efficiency that walking and transit fabric offer
over automobile fabric in most resource and waste cases of urban metabolism. The basic raw material
demand of walking fabric with a technology and construction innovation (e.g. application of regenera-
tive design principles) has the potential to improve urban efficiencies almost thirty times over the con-
ventional automobile urban fabric in the same city. Combining urban fabrics with the Finnish national
travel survey revealed clear differences in mobility patterns and related CO, emissions across urban
areas and fabrics: walking and transit fabrics support and encourage least carbon intensive modes of
mobility. What can be learnt from informal settlements is twofold. Despite improvements to housing
and infrastructure, community cohesion in high-rise slum clearance areas are not as strong as within the
old, informal settlements that have many of the qualities of walking urban fabric. The level of social
interaction among the dwellers is very high in informal settlements as their various daily needs are de-
pendent on everyday interactions between close neighbours, generating strong levels of trust. This be-
comes a basis of a local sharing economy that supports its members from tangible to intangible re-
sources. The need to respect such urban fabrics and build with it rather than just clearing it, seems to be
a major conclusion from all the studies that cross the divide between developed and developing cities.
The idea that modernist planning can just clear such historic fabric is no longer acceptable in any city,
and the need to achieve sustainable development goals, including its social dimensions, now makes this
even more of an imperative. Further studies need to be conducted in different cities to show how urban
fabric can be respected and regenerated to enable cities to achieve more sustainable development. The
size of the differences in urban metabolism with urban fabric suggests that cities can indeed make major
contributions to sustainable development, not to mention zero carbon and zero waste strategies, through
town planning and design that respects and regenerates urban fabrics. The regenerative city offers the
potential for a whole new era of city planning and building. This agenda has been shown to work within
the urban fabrics approach to designing sustainable cities of the future.
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