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The Architecture of Flows
integrated infrastructures and the ‘metasystem’ of urban metabolism

Michae l  We ins tock

Architectural Association

The tradi t ional  approach to urban design studies has been based on what can be 

descr ibed as a general ised anatomical model,  e.g.,  funct ional zoning coupled to 

metaphors such as green areas serv ing as the ‘ lungs’ of c i t ies. Despite the f requent use 

of bio logical  metaphors, urban design has general ly proceeded from an understanding 

of c i t ies as stat ic arrays of bui ld ings and inf rastructures that ex ist in, but are dist inct 

f rom, stable envi ronments. But th is approach does not ref lect the dynamic systems 

of c i t ies throughout h istory, nor thei r  c lose coupl ing to the dynamics of thei r  local 

envi ronment, c l imate and ecology, and now the global dynamics of cul ture and economy. 

The l imi tat ions of th is approach, in which ci t ies are t reated as discrete artefacts, rather 

than nodes interconnected by mult ip le networks, are compounded by the legal and 

regulatory boundary of the ci ty usual ly being def ined as an older core, so that c i t ies are 

regarded as something qui te separate f rom their  surrounding terr i tory. Al l  c i t ies have 

administrat ive boundar ies, but c i t ies are very rare ly e i ther physical ly or energet ical ly 

contained with in those administrat ive boundar ies. In the past, c i t ies gathered most of 

the energy and mater ia ls they needed from their  immediate local terr i tory, and trade 

l inked systems of c i t ies across whole regions. The growth and v i ta l i ty of many ci t ies 

are no longer dependent on the spat ia l  re lat ionship with thei r  immediate envi rons but 

on the regional and global f lows of resources. The f low of mater ia ls, informat ion and 

energy through ci t ies comes from far outs ide thei r  physical  and regulatory (municipal ) 

boundar ies. Ci t ies now extend thei r  metabol ic systems over very great distances, so that 

the extended terr i tory of the urban metabol ism of a c i ty and i ts geographical  ‘p lace’ are 

often completely decoupled.

Cit ies exist wi th in the dynamic processes of the natura l  wor ld, and they have had, 

and wi l l  cont inue to have, a profound ef fect upon i t .  There are no ecological  systems 

on the surface of the earth that have not been modif ied in some way by the ef fects 

of the extended metabol isms of human societ ies. Ci t ies operate and are mainta ined 

by a complex ser ies of exchanges with thei r  envi ronments, and the dynamics that 

character ise the complex re lat ions of c i ty forms to the ecological  and cl imat ic systems 

with in which they exist are turbulent.  Extended conurbat ions are now common r ight 

across the wor ld, consist ing of several  over lapping ci ty terr i tor ies that extend urban 

fabr ic across a range of scales, of ten coterminous with agr icul ture, industr ia l  and energy 

generat ion terr i tor ies. The complexi ty of the re lat ions of c i t ies to ecologies is accordingly 

accelerated, and the sensi t iv i ty of each to changes in the other is increased. 

Infrastructure and Metabol ism

Cit ies are the largest and most complex artefacts constructed by humans; dynamic spat ia l 

and mater ia l  systems that display phenomena character ist ic of complex systems:power 

scal ing, sel f-s imi lar i ty across a range of scales and ‘ far- f rom-equi l ibr ium’ dynamics. Al l 

c i t ies have an ‘archi tecture’ ,  an arrangement of mater ia l  in space that changes over 



41

time as they are cont inuously repaired and rebui l t .  They col lapse and expand in uneven 

episodes of growth and decay, and thei r  inf rastructura l  systems are changed accordingly. 

From this perspect ive, c i t ies are dynamic nodes on extended mult ip le networks through 

which food, energy, people, water,  mater ia ls, and informat ion f low.

Infrastructure is t radi t ional ly def ined as the physical  array of systems that provide the 

‘publ ic serv ices’ of t ransportat ion, water,  energy, communicat ions, and waste col lect ion 

and disposal.  In contemporary usage two other s igni f icant systems have had a profound 

ef fect on urban physics: the green spaces such as open woodlands or nature reserves, 

parks, gardens and other publ ic recreat ional spaces, and the publ ic spaces of the bui l t 

envi ronment. The hypothesis of th is paper is that the archi tecture of the integrated 

‘metasystem’ of urban metabol ism is comprised of the 7 interact ing subsidiary systems 

named above. Integrated and inte l l igent inf rastructura l  systems wi l l  be a cr i t ical 

component in the adaptat ion of expanded human societ ies to impending cl imat ic and 

ecological  changes.

The study and design of inf rastructures are convent ional ly focused on the separate 

physical  ar tefacts of the networks, and in recent t imes there has been strong focus on 

the archi tectura l  renewal and implementat ion of stat ions, br idges and terminals but much 

less on the topology and physical  archi tecture of the network systems themselves or 

on the interdependencies between di f fer ing inf rastructura l  systems, and even less on 

thei r  integrat ion. I t  is now clear that developing strategies for the adaptat ion of ex ist ing 

urban sett lements to the accelerat ing changes of c l imate and populat ion requires 

integrated system analysis.1  There are, as yet,  very few studies that have focused on the 

performat ive parameters for integrated urban inf rastructures of urban metasystems, nor 

on the design cr i ter ia for thei r  adaptat ion to cl imat ic and ecological  changes. The ‘state 

of the art ’  studies of adaptat ion of c i t ies a l l  tend to be focused on singular systems, 

such as green inf rastructure2 or the development of adapted patches and microcl imat ic 

oases that are a imed at helping to regenerate the urban t issue f rom with in. Large-scale 

studies that integrate the analysis of urban morphologies to the f lows and capaci t ies of 

thei r  ‘metabol ic ’  systems are vanishingly rare. 

There is a remarkable s imi lar i ty between the mathemat ics of bio logical  metabol ism and 

of urban metabol ism, and in both, the operat ion of metabol ic systems occurs through 

surfaces and networks.3 The pattern of energy f low through l iv ing forms, and through 

al l  the forms of c i t ies, is subject to many f luctuat ions and perturbat ions. The f low is 

modif ied by ‘ feedbacks’,  but occasional ly there is such an ampl i f icat ion or inhibi t ion that 

the system must change, must reorganise or col lapse. A new order emerges f rom the 

turbulence of the system that has col lapsed. The reorganisat ion often creates a more 

complex structure, wi th a higher f low of energy through i t ,  and is in turn more suscept ib le 

to f luctuat ions and subsequent col lapse or change through reorganisat ion – a tendency 

of l iv ing systems and of cul tura l  systems to ever increasing complexi ty.4 

Complexi ty theory formal ises the mathemat ical  structure of the process of systems 

with in which hierarchical  organisat ion ar ises. The complex is heterogeneous, with 

many var ied parts that have mult ip le connect ions between them, and the di f ferent parts 

behave di f ferent ly,  a l though they are not independent. Complexi ty increases when the 

var iety and dependency of parts increase. The process of increasing var iety is cal led 

di f ferent iat ion and the process of increasing the number or strength of connect ions 

is cal led integrat ion. In bio logical  systems and cul tura l  systems both di f ferent iat ion 

and integrat ion are produced at many ‘scales’ or levels. Each level  interacts with other 

levels, and hierarchical  orders are to be found with in a l l  complex systems, f rom the 

anatomical form and metabol ism of an indiv idual organism, to the distr ibut ion of species 

and ecological  systems, to the pattern of sett lements and ci t ies distr ibuted across 

a region. Some, i f  not a l l ,  of  these character ist ics are amenable to being model led 

mathemat ical ly.  Networks for informat ion, energy and mater ia l  d istr ibut ion exhibi t  many 

s imi lar parameters to the hierarchical  branching metabol ic networks of l iv ing forms, and 

a great var iety of other cul tura l ly produced networks also exhibi t  comparable ‘scale f ree’ 

power law character ist ics.5  

Scal ing is an invar iant property of a dynamic system in general ,  most l ike ly to be produced 

by the way in which the systems grow. I t  is ev ident that both bio logical  and cul tura l 
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networks grow by the addit ion of new nodes or hubs, but these new nodes preferent ia l ly 

at tach to nodes that are a l ready wel l  connected. In consequence, the topology of the 

whole network has only a few nodes with a high number of connect ions that l ink to a l l  of 

the other nodes that have progressively smal ler numbers of connect ions. F low patterns 

are dominated by the highly connected nodes, through which the maximum volume and 

veloci ty of energy, informat ion or mater ia l  f low.6 I t  is a lso clear that the robustness or 

vulnerabi l i ty of scale-f ree networks to the random fa i lure of any s ingle node or l ink is 

h igh, as the greater major i ty of nodes have few l inks, but i f  a node with a high number 

of connect ions fa i ls (a hub) then the scale-f ree character ist ics of the ent i re network wi l l 

be af fected, and i t  may fa i l  a l together.7 

Integrat ion of  the Architecture of  Flows – A Research Agenda

There is an emerging consensus, widespread but by no means universal ,  that the design 

of the new ci t ies needed for an expanding wor ld populat ion can be founded on inte l l igent 

and inhabited inf rastructura l  systems that harvest and distr ibute energy, water and 

mater ia ls, that int imately connect people and open urban green spaces, and that uni te 

rather than div ide urban and ecological  systems.

The quest ions a r ises ‘can the dynamics o f  c i t ies  be computa t iona l l y  s imu la ted, 

and i f  so,  can computa t iona l  mode ls  o f  new c i t ies  be genera ted fo r  a  wor ld  in 

wh ich c l imate ,  eco logy,  cu l tu ra l  and economic sys tems are  t rans i t ing th rough 

cr i t ica l  th resho lds o f  s tab i l i t y? ’  The sca le  o f  such an under tak ing is  daunt ing,  but 

i t  i s  poss ib le  to  de l ineate  the out l ines o f  a  research agenda tha t  w i l l  p rov ide the 

subst ra te  f rom wh ich answers  to  th is  quest ion cou ld  emerge.  I t  may commence w i th 

the computa t iona l  s imu la t ions o f  expans ion and deve lopment  o f  c i t ies  over  t ime tha t 

in tegra tes g rowth,  dens i ty  and morpho logy.  I t  i s  c lea r  tha t  the search fo r  de f ined 

parameters  tha t  can be quant i f i ed mathemat ica l l y  as  the bas is  fo r  th is  computa t ion 

w i l l  need to  be abst rac ted f rom a substant ia l  da tabase o f  the known and ca l ib ra ted 

data  f rom ex is t ing evo lved and p lanned c i t ies  in  d i f fe r ing c l imat ic  zones.  There  a re 

s ign i f icant  d i f f i cu l t ies  in  incorpora t ing the fu l l  morpho logy o f  c i t ies  and conurbat ions 

in to  computa t iona l  s imu la t ions,  even where i t  i s  accepted tha t  c i t y  fo rms d isp lay 

se l f -s im i la r  o r  f rac ta l  p roper t ies  across a l l  sca les .  Recent  s tud ies  suggest  tha t  an 

in te rd isc ip l ina r y  quant i ta t i ve  synthes is  o f  o rgan iza t iona l  and dynamica l  aspects  o f 

c i t ies  cou ld  be co l la ted f rom ex is t ing data  se ts  and the va r ious outputs  o f  cur ren t 

researchers ,  a l though i t  wou ld  requ i re  co l labora t ions f rom across the wor ld . 

In paral le l ,  the ident i f icat ion of general  scal ing patterns in urban inf rastructure and thei r 

re lat ion to the dynamics of urban morphology and energy f lows have been theor ised and 

data col lected, but not yet cal ibrated for ex ist ing ci t ies. There is recent work too on the 

re lat ion of urban morphology to macro and micro cl imates, based on considerat ion of the 

physical i ty of the ci ty as a porous and fo lded mater ia l  surface coupled to the topology 

and physical  archi tecture of networks and the volume and veloci t ies of f lows through 

those networks.8 By coupl ing the analysis of urban morphologies to the f lows and 

capaci t ies of thei r  metabol ic systems in di f fer ing cl imat ic zones, performance cr i ter ia 

for the physical  geometr ies and engineer ing of mater ia l  of new ‘ f low’ archi tectures could 

be der ived.
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