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Abstract

This paper analyses how some key eco-city models lpaoposed the creation of networks of
green and blue spaces and discusses how thesggsatan be relevant for new greenfield cities in
2050. New urban settlements being planned frontdtrauch as Dongtan and in China and Masdar
in Abu Dhabi, are hoping to become models of snatde urbanism for the future. In its first pane t
paper discusses the emergence of the eco-city awhithe conditions we expect to face in 2050.
Secondly, it investigates how some of the newlyaime cities organize their green and blue
infrastructures, and how they envisage their rolecontemporary life and in the future urban
environment. Finally, building on this analysis afatusing on the environmental, social and
economic challenges that are expected in 2050pdper discusses its findings and presents a vision
for the role that the networks of green and blugcep can play in future cities. To conclude, thoskw
aims to inform discussions on the future of opelpaorspaces in the design of cities in the 21st
century.
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1. Introduction urbanized world need to be observed. In this cangex

In the context of climate change, the expectationseries of ‘eco’-cities have been presented as raodel
that 70% of world's population will be living intieis  for the future, such as Dongtan and Masdar. Thempap
by 2050 and that the population will have grown to jnyestigates the role green and blue spaces have in
more than 9 billion people, the role that citiedl wi sych proposals and discusses how important they are
play in the future of mankind is absolutely crucial jn helping cities achieve the levels of sustairighil
The phenomena of urban and population growth ingonnectivity, well-being and food production expett
many regions around the globe, coupled with thé facfgor 2050.
that shrinking cities are also verifiable events,
particularly in the developed countries, poseshes t
problem of how to promote better sustainable citieS2.  Cities and eco-cities in 2050

environmental policies and programs, and improve The exponential urbanization process and
urban environmental management across the glob@opulation growth, occurring mostly in developing
under these circumstances. The climate chang&ountries, will not be counterbalanced by the

. . d th d t tee the right tshrinkage observed in other parts of the worldadt,
Imperative an € need 1o guarantee the rig Ooy 2050 the population of developed countries is

quality urban settlements to all in an increasingly expected to remain at 1.2 billion (United Nations,
2007), with 80% of those citizens living in cities,
while the population of less developed countrielb wi
grow to around 8 billion (Peirce, 2008). In additio
Department of Architecture, University of Portsmuowaddress: the prediction is that more than 60% of the globe’s
Portland Building, Portland street, Portsmouth BAH, population will be urban. It is widely held that
urbanization and climate change are directly linked
which makes it fundamental that cities are treated
parts of the solution — a centerpiece of all thevdies
and programs towards a sustainable future (UN-
HABITAT, 2010, WWF, 2010, Ewing, 2010).
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density, i) adopt mixed-uses and a diverse socigl m
The role that cities will play can assume different ) increase social equity and economic efficieridy,
forms and dimensions according to the literaturg, b promote biodiversity and greater access to quality
it is usually assumed that sustainable urban phgnni green spaces, 1) engage in food production; among
should encompass aspects of  economic,others.
environmental and social sustainability.
In this paper we focus our attention on key
Different ideas of ecological developments and, relationships between adopted eco-city principled a
lately, sustainable living and urban spaces hawsn be the role that green and blue infrastructures cay i
applied to planning and urban design in the last 30achieving these, in selected case studies.
years in many forms, with more or less emphasis on
one or some of these three aspects. Since Register’ The history of integrated and cohesive systems of
book Eco-city Berkeley (1987) the concepts greenery is large and dates back to Olmsted (1i870)
surrounding the idea of Eco-City have been develope the 19th century. Evidently, the concept has aeguir
(Roseland, 1997) and spread across the world.gk lar different facets in the decades since, but it has
amount of research has been done on the relatioremained as an idea in the minds of planners siace
between urban form and sustainable indicators (e.goriginal formulation. Nowadays, it is being preszht
Beatley, 2000, Jenks and Burgess, 2000, Jabareeparticularly in the UK and US, under the term “Gree
2006, Roaf et al., 2009, Jenks and Dempsey, 2005)nfrastructures” (Benedict et al., 2006) and has
Not only adopted in the retrofit of existing citigkese  become part of a set of necessary strategies in
research results started to be used in the cotistiuc planning policy and practice aimed at achievingaarb
of new purpose-built greenfield urban settlements.sustainability (e.g. CABE, 2004, LUC, 2009, TEP).
Although it is a fact that European countries areFor instance, Tokyo has recently established #eglya
mostly concerned with  the reconstruction, to transform itself into a ‘City of water and greeyi,
regeneration and revitalization of the inner cihgere  while London has now presented its East London
are also examples of new cities being proposed ,anewGreen Grid Framework (TMG, 2010, GLA, 2008). In
such as Whitehill-Bordon Eco-Town, in the United most, if not all, eco-city projects observed theyea
Kingdom, and MVRDV plan for Logrofio in Spain. clear intention to create a network of green ang bl
Nevertheless, the recent boom of eco-city projects spaces as element of planning. They have become
taking place mainly in China and other non-Europeanessential elements of the new “typology” of cities
countries, which have started a movement of bugldin are theoretically and in practice constructing nthe,
cities from scratch not seen since the New Towns of‘Eco-City”.
the early post-war period. In reality, the impadt o
these projects could be extremely significant for Green infrastructures are usually conceived of as a
achieving the levels of sustainability expectedtfe¥  network of interlinked open green spaces, public or
next decades, taking into consideration that theprivate, including a variety of uses and typologies
population in these countries will reach 8 billion Their aims are manifold, but can be summarizedas t
people as mentioned before and that levels ofa) promote healthy living, b) improve air qualityca
urbanized land tend to grow at similar rates. Beari biodiversity, c) preserve natural settings and wate
that in mind, the questions faced by planners andables, d) enhance the amount of quality greenespac
architects involved with the planning and design of for the citizens, e) control or organize the growth
eco-cities can be encapsulated as follows: howldhou the urban settlement, f) connect urban and rural
these places be designed? What form should they hawsettings at regional scale, g) sew or “fill in” theban
to best meet sustainability indicators? How caieit fabric at city scale, h) encourage pedestrian ritgbil
become the solution to the problems of an urbanamong other benefits. More and more they are also
world? used for the production of local biomass, food and
renewable energy. Their main typological elemerds a
There are many definitions of Eco-Cities (e.g. gardens, allotments, playing fields, sports fieldl,
Roseland, 1997, Kenworthy, 2006), but they can bekinds of greenways, green wedges, parks (on all
summarized in a set of principles related to thescales), greenbelts, forests and agricultural |&abt
Bruntland Report's concepts of environmental, of these typologies fall within the categories béibs”
economic and social aspects of sustainability. Theor “links”, although some elements perform both
literature usually discusses the need to: a) premotroles. Hubs are larger or more hierarchically
healthy and less-consumerist living behaviors, b)significant elements within the structure. Theylarc
reduce their ecological footprint, c) increase mwee it down and are significant reference points, for
efficiency, d) provide affordable housing, €) pd®i instance, parks, woodland or playing fields. Timdi
good public transport and quality facilities, foprote ~ are elements of connection — as greenways or
walking and cycling, g) work at regional and local parkways — hierarchically less significant, but lgua
levels, h) be compact and aim for medium-high places in themselves as well. Some elements can
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acquire aspects of both hub and linkage according t plan within the greenbelt include: staggered north-
the project. south greenways, cutting through the urban fabric
from one side of the greenbelt to the other; urban

Blue infrastructures have not being sufficiently parks, mainly located on the main gateway to the ci

studied. They are often intrinsic elements of greencourtyards within the blocks; tree-lined streetsl an

infrastructure projects, but are acquiring more green roofs, as can be seerFaure 1

importance in recent projects as water supply,

efficiency and management have also become crucie  oengen cnin

to tackling climate change and social inequality

(ARUP, 2011, WWF, 2010). Sustainable water oo HHNERASTRUCTURENAE

resource planning and management are fundament: roomas
aspects of eco-cities not only with regards to wate Parks

. . Green Roofs
supply and treatment, food production, rechargihg o . ity Boundary

water tables and flood control, but also as Gl Bla ey o )
environmental amenities that have a positive
psychological effect on citizens. They can be @eat

typologically in a similar manner as anchor points

and/or linkage elements. In the sequence the pape °

discusses how the two Eco-Cities flagships have use

green and blue infrastructures.

21 Dongtan , ]

Figure 1 - Dongtan’s green infrastructure map
Dongtan was one of the first examples in Chinarof a Source: Image by Andrea Verenini
attempt to develop a city in a sustainable maniter. ) ] ]
was initially designed by Arup in 2006, but therpla “The blue infrastructure proposal for this Eco-City
yet to be implemented. As the designers statedast (fig.2) is also_ structural “to its organization and
intended to be a zero carbon city for up to 500000SUPpPorts the aims of creating sustainable andbikea
people (in 2050) and serve as an example to thielwor COmmunities. The_ outer element is the eqqulent of
“to inform sustainable masterplanning” (ARUP, the greenbelt, taking the form of a “bluebelt” rimn
2009). As such, Dongtan was since the beginningglong the city's edge. The core of the city is diea
intended to be a model for the future. The Eco-Citymarked by water, with the creation of a centraklak
would occupy an area of 8600 hectares and eveyituallFrom it, two perpendicular canals divide the city u
the developed land would cover just 40% of theltota into three villages. These are then split up instridts

The remaining would be part of a network of open by smaller streams. A series of neighborhood lakes
spaces. placed across the city, reinforcing communitiesisse

of identity and creating moments of interest, amcho
In the regional context, the whole proposal staagla  Points within the mass of buildings and greenery.

“linear city” composed of six urban nodes connected
together by an arterial line and surrounded maiyly

Dongtan {China)

eco-farms. The creation of a multi-centered styateg BLUE INFRASTRUCTURE MAP

a shared approach between different eco-citiesch su csbet ———
as in Changchun by AS&P — as it minimizes the  mmm convatae Minor Carls
impact of urbanization across the land, creates esnoueDs Lakes S
compact and dense urban settings, allows for more ==~ Ve

direct integration with extra-urban green spaced an
creates greenways connecting the ecosystems arour

the urban development. In Dongtan, there would alsc
be an “eco-park” and “wetland park”.

: ~ ;
As Lord Rogers stated, one of the common principles \\ = 4
of an Eco-city is that it should be compact, chearl ;\ 0/
defined and contained (Rogers, 2011, Jenks ani ‘v I *

Burgess, 2000, Jabareen, 2006). Dongtan and man
other eco-cities adopted this concept and useitidze
of a greenbelt to determine the confines of theanrb
fabric. In addition, the greenbelt works as a huffe Figure 2 - Dongtan's blue infrastructure map
zone between the urban area and the wetland. Th

. Source: Image by Andrea Verenini
other key elements of Dongtan’s green infrastractur ource: Image by Andrea verenin!
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wildlife (ADUPC, 2007, p.51-2).

The green and blue infrastructures for Dongtan
work together as a system. They shape the forheoft  Masdar takes on, at the city scale, the ideas lbof be
city, control its sprawl, tie it back to the teony, and fingers. The use of greenery and water is
define the spatial arrangement of the city at diffé  restricted in this proposal. Traditional Arab city
scales and play crucial roles in the creation of anprinciples, such as high density, compactness,
environmentally sustainable city. The characteismat walkability and narrow streets, among others, were
of the city centre with water highlights the immorte  used by the design team as a means of integrdtténg t
it plays in the whole vision for the site. The danige city into its wider context, and to better take
the city back to the territory and define the dissr, advantage of the climate conditions. The use of
while the streams work even at a smaller scalegreenery is historically less significant in Araities,
visually delineating neighborhoods. The Lakes arewhere hardscapes tend to prevail. Although Masslar i
main hubs in the system, placed along the mairerout being built in a desert, there is an attempt tostroict
in conjunction with the greenways and functioning f a greenbelt around the city and “green fingers't tha
the neighborhoods in the same way the central lakevould run through the urban development.
does for the whole city. The greenways, the streams
and the lakes work together to construct a sense ¢’
place for the different parts of each village. In
addition, the greenways bring cooling breezes tinéo

Masdar (UAE)

GREEN AND BLUE INFRASTRUCTURES MAP

city. The connection between city and the counteysi Green Bet

is provided through the greenways and the canals  EEEE GrenFingers AmsS

Food production is a main function of some of the EEER vewreos . o)

open spaces, as well as energy production, wate ~~7 e 0 6w 4

management and recycling. e Salainle { ,»“
As discussed, the urban framework for Dongtan, a: ,’ '

well as its image, is highly defined by green ahdb y

spaces. These spaces undoubtedly support mar Q :

principles set forth for eco-cities, and specificdibr i w

Dongtan, such as: healthy living, reduced ecoldgica ;‘ ' v

footprint, promotion of walking and cycling, 4 - 44 T 0

preservation of wetland and fauna, conservation o ~ I | A

biodiversity, the need for compactness, accese8hf  Figure 3 - Masdar's green and blue infrastructure rap
air and quality green spaces, and the production 0kgyrce: iImage by Andrea Verenini
food — as well as places for the production of

renewable energy, local biomass and recycling. As in Dongtan, there is a clear intention to defimi
the city, which should have a well-defined form and
2.2 Masdar be contained. In Masdar (fig.3), the main urbarasre

) ) are defined by walls and are surrounded by green an

famous eco-city model for the future. Designed by greenbelt — whilst controlling sprawl — houses gper
Foster + Partners in 2007, the Eco-City is, like production facilities, stores water, provides parks

Dongtan, supposed to become a role model angyoductive gardens, habitats for endangered species
demonstrate to the world how highly aspirational 3nq sports and leisure facilities.

environmental, social and economic goals can be met

(Masdar City, 2010). The city is intended to house The “green fingers” are the primary inner-city gree
40000 people, be based upon a series of eco-ABBCID spaces. They would be one of the few grassed spaced
such as carbon neutrality, low energy demand.ithin the urban area and would take advantagbef t
recycling and renewable energy, among others. Bue teast-west orientation to help cool and ventilagedity

the last economic crisis, the scheme was placedrund (AECOM, 2011). They cut through the whole city,
scrutiny and some of its elements have been reconnecting different areas of the greenbelt. They
designed. would provide a wide range of quality spaces fa th

) o ) ] citizens, as well as collect water to be treated an
It is worth mentioning that Masdar is considered reysed in the city.

within the Abu Dabhi Plan 2030, which sets out an

creation of a National Park, a green gradient filoil®  planning, there is little visible on ground flodthe

the capital city, a “sand belt’, in the fashion @f  round towers punctuate the greenbelt and are ysuall
greenbelt, and “desert fingers’, like corridors for rejated to the green fingers. Water pools seem to
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provide extensions to the green fingers when theyprojects it is possible to see similar typologieinh
leave the urban space (now blue fingers). They evoul reproduced, such as the park, allotments, greenbelt
help humidify and cool the area. and greenways. Can we think of different typologies
to help us tackle these new problems or shall vee us
In synthesis, the green and blue infrastructurethe same elements historically present in netwofks
strategies for Masdar seem still to be underopen spaces?

development. So far, they consist of applying theai

of greenbelt on the outskirts and green fingersiwit
the urban areas, similarly to what has been prapose
in Dongtan. The use of water does not acquire the
same strength as the green elements mentioned,abo\
and appear on the plan as sequences of storm poc
along the extension lines of the green fingers.
Nevertheless, these spaces in the proposal alsataim
helping to reduce the ecological footprint of thieoke

city; are used to manage energy, water and wast

efficiently; promote biodiversity; help cooling tlegy
and provide fresh air; and control growth and catne

distinct parts of the urban development. They help

create a new oasis.

2.3
green and blue infrastructures

Several other eco-cities have emerged in the las

decade following the high-profile flagship examples
of Dongtan and Masdar. Changchun (fig.4), in China
planned by AS&P in 2007, is another very interegtin
example of the application of sustainable prinapte
city design. The idea of a definite edge is alssspnt
here, where the western city boundary is defined by
river and a green buffer zone alongside it. Grdaa/b
fingers cut through the city, reaching another d&uff
zone towards the east. The green infrastructuregiro
also includes a central longitudinal park,
interconnecting the different centralities — angedes

of squares, courtyards and tree-lined streetswiier
determines the creation of the axes and puncttagtes
districts. Waterways are also key to the design o
another eco-city: Tianjin. It has been designedaas
Sino-Singapore undertaking, aimed as the previo
discussed examples, at becoming a zero-carbon/lo
energy urban development for 350000 people and
model that could be replicable (Singapore
Government, 2010). The network of green and blu
spaces in this proposal integrates the idea ofean-*
grid”, occupying the land defined by the curveghe
river. The river is the edge and the driving foofehe

scheme. From it, greenways along streams cut throug

the land dividing the districts up, in a similar mnar
to Dongtan and Changchun.

Old and new typologies of green and blue space

are coming together in a wide range of proposals. F
instance, the Fibercity project for the city of Yokin

2050, by Professor Ohno (2006), shows how ne
concepts, such as “urban wrinkles”, can be integrat
with more recognized typologies, such as green
fingers and green webs. However, in a myriad of

JAABE vol.X No.X November 20XX

Other Eco-Cities and their approaches to

l\@esigns for Eco-Cities around the world.. Alongside

e

Changehin Jing Yue Eco-City (China)

GREEN AND BLUE INFRASTRUCTURES MAP

Green Edge
I ceniral Park
I GreenFingers
Ve Pk lae |
a
Squares
[ R

Figure 4 - Changchun ‘s green and blue infrastructte map
?ource: Image by Andrea Verenini

The wave of Eco-City projects is strong,
'particularly in the developing world. Arup is dragi
up proposals for Wanzhuang in China, Baku in
Azerbaijan, Destiny, the first Eco-City to be iretdS,
and Northstowe in the UK (RIBA Journal, 2009). We
are in the process of constructing a new typolofjy o
city, in which the network of open spaces is of
foremost importance. In this process, it is almost
certain we will also need to think of new typolog &
green and blue spaces for the cities of the presmht
of the future.

fC*‘,.Conclusions

Since Dongtan, there has been a growing number of

ongtan, Masdar also hopes to become a role model
or the world in the creation of a new typologyaitfy,

he Eco-City. It is more than meeting some indicato
and principles of sustainability. It is about a neity
concept. This paper raised the question of howethes
examples set out to use green and blue infrastestu
to meet their objectives.

t

It is possible to say that the green and blue
infrastructures are playing key roles in the
é:onstruction of Eco-City frameworks. Well-known
and new ideas are coming together in this formurati
but despite the studies done so far, we seem tt be

Wthe beginning of the process. The eco-cities alldast

be built.

It is clear that there is a general attempt toldista
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integrated approaches between different disciplineslandscapes and communiti&¥ashington, DC, Island Press.

professionals and local residents. Within the scomk
limited extent of this paper, it became clear hoeeg

CABE 2004. Green Space Strategies: a good practide.gu
London: CABE.

and blue infrastructures cannot be taken away from EWING, B. G., STEVEN; OURSLER, ANNA; REED,
the process. They need to be part of the diSCUSSIOANDERS; WACKERNAGEL, MATHIS 2010. Ecological

from the start. They have become intrinsic elemehts
the eco-city design, both at city scale and redipna

Footprint Atlas 2010. Oakland: Global Footprint Wetk.
GLA 2008. East London Green Grid Framework. Greater

This paper discussed how hubs and links in networks ondon Authority.

of open spaces — “greenbelts”, parks, “green fisiger

JABAREEN, Y. R. 2006. Sustainable Urban Forms: Their

food production fields, Canf_ﬂ\'Sv |ake$_ an(_j 0'Fh(:«'l'TypoIogies, Models and Conceptslournal of Planning
elements — have been used in these first signtficangqycation and Researchs-52.

Eco-City projects. From this analysis, it is clébat

JENKS, M. & BURGESS, R. 2000Compact cities :

all these spaces can be at the same time shapesmakegystainable urban forms for developing countriespdon, E.

guality places and resource centers:

a) Green(blue)beltgan define a city’s shape and

control sprawl. They can help create a buffer
zone between city and country, be used to

& F.N. Spon.
JENKS, M. & DEMPSEY, N. 200%uture forms and design
for sustainable citieQxford, Architectural Press.
KENWORTHY, J. R. 2006. The eco-city: ten key tramspo
and planning dimensions for sustainable city dgwalent.

generate energy, manage water and waste, 1@ ironment & Urbanizationl8, 67-85.

produce food and provide park land for
citizens, etc.

b) Green(blue)wayscan cut through a city,

connecting different parts of the greenbelt,

divide the city up into smaller districts and
neighborhoods, offer community allotments

and gardens, habitats for plants and animals

corridors of light and fresh air, corridors for
fauna and produce/manage resources, etc.
c)

offer all kinds of activities at community, city
and regional levels, including sport, leisure,
food production, energy production, etc.

Green and blue infrastructures have been used tgeaithy futureBerkeley,

shape cities, to preserve nature, to generate nasou

Hubs like parks, lakes, squares, courtyards,
etc, are stabilizers in the urban fabric and can

LUC 2009. South East Green Infrastructure Framework
From Policy into Practice. Government Office foe tBouth
East.

MASDAR CITY 2010.Masdar City: Experience for a Better
Way of Life [Online]. Available:
http://masdarcity.ae/en/index.aspx [Accessed 0230043/].

' OHNO, H. 2006. Tokyo 2050: Fibercity. Tokyo: Ohno
Laboratory, the University of Tokyo.

OLMSTED, F. L. 1870. Public Parks and the Enlargenod
Towns.American Social Science Association.

PEIRCE, N. R. J., CURTIS W; PETERS, FARLEY M. 2008.
Century of the City: No Time to Los&ew York, The
Rockefeller Foundation.

REGISTER, R. 1987Ecocity Berkeley : building cities for a
CA, North Atlantic Books.

RIBA JOURNAL. 2009. China Blueprint [Online].

and manage waste, to produce food and healthysplacdV2/1aPle:

for people, and to promote healthy living and Heait
cities. We believe that they should be at the foref

of discussions so that our cities in 2050 can iddee

face all the challenges predicted.
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