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Circulations and Metabolisms:
(Hybrid) Natures and (Cyborg) Cities

ERIK SWYNGEDOUW

School of Geography and the Environment, Oxford University, UK

Cyborg Cities: the Urbanization of Nature

Imagine standing on Piccadilly Circus in London and considering the socio-environmental

metabolic relations that come together in this global–local place. Smells, tastes, things,

and bodies from all nooks and crannies of the world are floating by, consumed, displayed,

narrated, visualized and transformed. The Amazon Forest Shop and Restaurant plays to the

tune of eco-sensitive shopping and the multi-billion pound eco-industry while competing

with McDonalds’ burgers and Dunkin’ Donuts. The sounds of world music vibrate from

Virgin’s Megastore, while people, spices, clothes, foodstuffs and materials from all

over the planet whirl by. The neon lights are fed by nuclear processes, coal or gas

burning in far-off power plants, while passing cars consume fuels from oil-deposits and

pump CO2 into the air, affecting forests, climates and people around the globe. These dis-

parate processes trace the global geographic mappings that flow through the urban and

‘produce’ cities as palimpsests of densely layered bodily, local, national and global—

but geographically depressingly uneven—socio-ecological and technonatural processes.

This intermingling of things material and things symbolic produces a particular socio-

environmental milieu that welds nature, society and the city together, often through

many layers of networked technostructures (like pipes, cables, relay stations, logistical

apparatuses and the like), in a deeply heterogeneous, conflicting and often disturbing

whole (Swyngedouw, 1996).

In the summer of 1998, the Southeast Asian financial bubble imploded. Global capital

moved spasmodically from place to place, leaving cities like Jakarta with a social and

physical wasteland where dozens of unfinished skyscrapers are dotted over the landscape

while thousands of unemployed children, women, and men roam the streets in search of

survival. In the mean time, El Niño’s global dynamics were wreaking havoc in the

region with its climatic disturbances. Puddles of stagnant water in the defunct skyscrapers

that had once promised continuing capital accumulation for Indonesia became breeding

grounds and ecological niches for mosquitoes. Malaria and Dengue fever suddenly
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joined with unemployment, and social and political mayhem in shaping Jakarta’s

cityscape. Global capital and the technoscapes of the world’s financial architecture fused

with global climate, with local power struggles, and with socio-ecological conditions to

re-shape Jakarta’s social ecology in profound, radical, and deeply troubling ways.

Or consider this: about 750 million urban dwellers worldwide do not have access to

clean and potable water, while others have an unlimited supply. Water-related diseases

are the number one cause of premature deaths in the developing world. Access to

nature in the city can and is indeed often a matter of life or death (Swyngedouw, 2004).

The above examples illustrate how the city and urbanization more generally can be

viewed as a process of de-territorialization and re-territorialization through metabolic

circulatory flows, organized through social and physical conduits or networks of

‘metabolic vehicles’ (Virilio, 1986). These processes are infused by relations of power

in which social actors strive to defend and create their own environments in a context

of class, ethnic, racial and/or gender conflicts and power struggles. Under capitalism,

the commodity relation and the flow of money veils and hides the multiple socio-

ecological processes of domination/subordination and exploitation/repression that feed

the urbanization process and turn the city into a metabolic socio-environmental process

that stretches from the immediate environment to the remotest corners of the globe

(Kaika and Swyngedouw, 1999).

Currently more than 50% of the world’s population lives in cities (and this number will

rise to more than 65% by 2050). It is not an exaggeration to claim that socio-ecological

processes and effects, and global ecological issues and problems are driven by, organized

through, and shaped by the process of urbanization itself. As Timothy Luke (2003, p. 12)

maintains, cities ‘leave very destructive environmental footprints as their inhabitants reach

out into markets around the world for material inputs to survive, but the transactions of this

new political ecology also are the root causes of global ecological decline’. This paper

argues that to fully grasp these developments we need to consider how nature becomes

urbanized through proliferating socio-metabolic processes.

The first objective of this paper is to foreground ‘circulation’ and ‘metabolism’ as poss-

ible entries to theorize and analyze socio-natural things. ‘Metabolism’ and ‘circulation’

embody what modernity has been and will always be about, i.e. a series of interconnected

heterogeneous (human and non-human) and dynamic, but contested and contestable, pro-

cesses of continuous quantitative and qualitative transformations that re-arranges humans

and non-humans in new, and often unexpected, ways. With its emphasis on movement,

circulation, change, and process, and its insistence on the socially mobilized ‘materiality’

of life, this paper suggests historical-materialism has been among the first social theories

to productively embrace and mobilize ‘metabolism’ and ‘circulation’ as entry-points in

undertaking ‘ontologies of the present that demand archaeologies of the future’

(Jameson, 2002, p. 215).

The second, related objective is to mobilize ‘metabolism’ and ‘circulation’ as socio-

ecological processes that permit framing questions of the environment, and in particular,

of the urban environment, in ways that are radically political. We wish to propose a fra-

mework for analysis for an urban political ecology that permits drawing together the

insights of historical geographical materialism with the work of Haraway (1991) to

view the modern city as a process of fusing the social and the natural together to

produce a distinct ‘hybrid’ or ‘cyborg’ urbanization (see Luke, 1996; Swyngedouw,

1996; Gandy, 2005). Cyborg metaphors have been traditionally used to understand
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human–machine relations but they also have uses for urban studies, as Matthew Gandy

(2005, p. 28) puts it:

The emphasis of the cyborg on the material interface between the body and the city

is perhaps most strikingly manifested in the physical infrastructure that links the

human body to vast technological networks. If we understand the cyborg to be a

cybernetic creation, a hybrid of machine and organism, then urban infrastructures

can be conceptualized as series of interconnecting life support systems. The

modern home, for example, has become a complex exoskeleton for the human

body with a provision of water, warmth, light and other essential needs. The

home can be conceived as a ‘prosthesis and prophylactic’ in which modernist dis-

tinctions between nature and culture, and between the organic and the inorganic,

become blurred.

The paper concludes by considering how developing new urban political ecologies

potentially opens up the theoretical and practical possibility for creating the (urban)

environments we wish to inhabit. Urbanizing nature, though generally portrayed as a

technological-engineering problem is, in fact, as much part of the politics of life as any

other social process. The recognition of this political meaning of nature is essential if

sustainability is to be combined with a just and empowering urban development; an

urban development that returns the city and the city’s environment to its citizens.

Entering Metabolism and Circulation

Both ‘metabolism’ and ‘circulation’ have a long conceptual and material history. The

concept of ‘metabolism’ arose in the early nineteenth century, particularly in relationship

to the material exchanges in the body with respect to respiration. It became extended later

to include material exchanges between organisms and the environment as well as the

bio-physical processes within living (and non-living, i.e. decaying) entities.

For example, in the writings of Jacob Moleschott (1857) and Justus von Liebig (1840,

1842), it denoted the exchange of energy and substances between organisms and the

environment on the one hand and the totality of biochemical reactions in a living thing

on the other. In fact, von Liebig’s analysis turned organisms into living processes, gave

them a history-as-process. Interestingly enough, von Liebig had taken the temporal/
spatial separation of spaces of production and spaces of consumption through the emer-

gence of long-distance trade on the one hand and the process of urbanization on the

other (what he called the ‘metabolic rift’), as pivotal causes for affecting (negatively)

the productivity of agricultural land on the one hand and the problematic accumulation

of excrement, sewage and garbage in the city on the other (Page, 2004). This view

would be effectively incorporated in Marx’s historical materialism.

Marx and Engels were indeed among the first to mobilize the term ‘metabolism’ to

grapple with the dynamics of socio-environmental change and evolution

(Fisher-Kowalski, 1998, 2003). In fact, ‘metabolism’ is the central metaphor for Marx’s

definition of labour and for analyzing the relationship between human and nature:

Labour is, first of all, a process between man and nature, a process by which man,

through his own actions, mediates, regulates, and controls the metabolism between
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himself and nature. . . . Through this movement he acts upon external nature and

changes it, and in this way he simultaneously changes his own nature . . . (Marx,

1970, pp. 283 and 290).

For Marx, this socio-natural metabolism is the foundation of and possibility for history,

a socio-environmental history through which the natures of humans and non-humans alike

are transformed (see also Godelier, 1986). To the extent that labour constitutes the univer-

sal premise for human metabolic interaction with nature, the particular socio-technical

vehicles and social relations through which this metabolism of nature is enacted shape

its very form. For historical-materialism, then, ecology is not so much a question of

values, morals, or ethics, but rather a mode of ‘understanding the evolving material inter-

relations (what Marx called “metabolic relations”) between human beings and nature . . .
From a consistent materialist standpoint, the question is . . . one of coevolution’ (Foster,

2000, pp. 10–11; see also Norgaard, 1994). Foster (2000, pp. 15–16) continues to

argue that

[A] thoroughgoing ecological analysis requires a standpoint that is both materialist

and dialectical . . . [A] materialist sees evolution as an open-ended process of natural

history, governed by contingency, but open to rational explanation. A materialist

viewpoint that is also dialectical in nature (that is, a non mechanistic materialism)

sees this as a process of transmutation of forms in a context of interrelatedness

that excludes all absolute distinctions . . . A dialectical approach forces us to recog-

nize that organisms in general do not simply adapt to their environment; they also

affect that environment in various ways by affecting change in it (see also Levins

and Lewontin, 1985).

Marx undoubtedly borrowed the notion of ‘metabolic interaction’ from von Liebig.1 In

contrast to other sociologists like Comte and Spencer, who used the concept of metabolism

as an analogy for grappling with social metabolism and for whom ‘nature offered the gno-

seological structures to survey the workings of society’ (Padovan, 2000, p. 7), Marx and

Engels mobilized ‘metabolism’ in an ontological manner in which human beings, like

society, were an integral, yet particular and radically distinct, part of nature. The original

German word for metabolism is ‘stoffwechsel’, which literally translates as ‘change of

matter’. This simultaneously implies circulation, exchange AND transformation of

material elements. While matter moves, it becomes ‘enrolled’ in associational networks

that produce qualitative changes and qualitatively new assemblages. While the newly

produced ‘things’ embody and reflect the processes of its making (through a process of

internalization of dialectical relations), they simultaneously differ radically from their

constituent relational parts.

While every metabolized thing embodies the complex processes and heterogeneous

relations of its past making, it enters (or becomes enrolled), in its turn and its specific

manner, into new assemblages of metabolic transformation. These dynamic heterogeneous

assemblages form a circulatory process (although not necessarily closed) that, under con-

ditions of generalized commodity production, takes on the form of circulation of commod-

ities (and its non- or only part-commodified derivatives like pollutants, garbage, CO2, and

the like) and the circulatory reverse flow of capital (as embodied in dead labour in the form

of past metabolic transformations). With it, they embody the particular power geometries
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associated with such socio-technical arrangements. This processual metabolism is, accord-

ing to Foster (2000), central to Marx’s political economy and is directly implicated in the

circulation of commodities and, consequently, of money:

The economic circular flow then was closely bound up, in Marx’s analysis, with the

material exchange (ecological circular flow) associated with the metabolic inter-

action between human beings and nature (Foster, 2000, pp. 157–158).

Indeed, under capitalist social relations, then, the metabolic production of use values

operates in and through specific control and ownership relations and in the context of

the mobilization of both nature and labour to produce commodities (as forms of metab-

olized hybrid socio-natures) with an eye towards the realization of the embodied exchange

value. The circulation of capital as value in motion is, therefore, the combined metabolic

transformations of socio-natures in and through the reverse circulation of money as capital

under social relations that combine the mobilization of capital, nature or dead labour, and

labour power. New socio-natural forms, including the transformation of labour power as

living labour, are continuously produced as moments and things in this metabolic process

(see Grundman, 1991; Benton, 1989, 1996; Burkett, 1999; Foster, 2000). Whether we con-

sider the production of dams, the re-engineering of rivers, the delivery of potable water,

the management of biodiversity hotspots, the transfiguration of DNA codes, the cloning

of species, the recycling of computer components by Indian children, the trading of

CO2 emissions after Kyoto, the cultivation of potatoes (genetically modified or not) or

the construction of a skyscraper, they all testify to the particular associational power

relations through which socio-natural metabolisms are organized (in terms of property

and ownership regimes, production or assemblaging activities, distributional arrangements

and consumption patterns).

Historical-geographical materialism then offered a view of the world that unified the

natural and the social while critiquing radically the ‘modern’ separation of ‘society’

from ‘nature’2 (Schmidt, 1971; Smith, 1984; Benton, 1989). In fact, the clarion call of

Bruno Latour (1993) in We have never been modern to re-connect the two poles that

have been severed by modernity, is already pre-figured by Marx in Grundrisse:

It is not the unity of living and active humanity the natural, inorganic conditions of

their metabolic exchange with nature, and hence their appropriation of nature, which

requires explanation, or is the result of a historic process, but rather the separation

between these inorganic conditions of human existence and this active existence, a

separation which is completely posited only in the relation of wage labour and

capital [Marx, 1858 (1973), p. 489].

However, by concentrating on the labour process as mere social process (as was and is

the case for most of modern sociology, including Marxist sociology), some Marxist analy-

sis—particularly during the twentieth century—tended to replicate the very problem it

meant to criticize. The connections referred to above were ignored rather than taken as

the ‘space’ for politics, for struggle, for pre-figuring radical socio-ecological transform-

ation, and realizing alternative socio-natural relations. In other words, while mainstream

economics forgot the natural foundations of economic life (only to rediscover this recently

under the guise of environmental economics), much of Marxist theory became an
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exclusive ‘social’ theory rather than a socio-ecological one. Put simply, the over-emphasis

on the social relations under capitalism that characterized much of Marxist (and other)

social analysis tended to abstract away from or ignore the material and socio-physical

metabolic relationships and their phantasmagoric representations and symbolic ordering,

and resulted in a partial blindness in twentieth century social sciences to questions of

political-ecology and socio-ecological metabolisms.

Some recent approaches to the society–nature problematic, such as Actor Network

Theory (see Latour, 2004), have provided a new grammatical apparatus that has ‘pro-

foundly revitalized empirical studies of human–nature–technology relations . . . But . . .
it remains important that we incessantly raise the question . . . why are “things as such”

produced in the way they are—and to whose potential benefit’ (Kirsch and Mitchell,

2004). While a historical-materialist mobilization of metabolism might begin to shed

light on the production of socio-natural entities, this has to be fused together with

another, equally central metaphor and material condition, one that is closely related to

metabolism, namely circulation.

The Invention of Circulation

The notion of ‘circulation’ began to gain greater and wider currency in the natural and

social sciences alongside the emergence of the notion of ‘metabolism’. When William

Harvey (1628) formulated his ideas of the double circulation of blood in the vascular

system of the human body in 1628, a revolutionary insight came into being which

would begin to permeate and dominate, both metaphorically and materially, everyday

life, engineering and academic practice for the centuries to come.3 By the end of the

century, medical practice had accepted the idea of the circulatory system, leading,

among other things, to a profound re-definition of the body. In the nineteenth century,

the metabolic circulation of chemical substances and organic matter (see von Liebig’s con-

tribution above) became increasingly accepted and would form the basis of modern

ecology. The ‘circulation’ and the ‘metabolism’ of matter became fused together as the

two central metaphors through which to capture processes of socio-natural change.

The use of the word ‘circulation’ to refer to the movement of money within a national

economy established itself within a generation of William Harvey’s claim (Harvey, 1999).

Thomas Hobbes, in Leviathan (1651), for example, had already compared the problems of

a government that was unable to raise sufficient tax revenue to

an ague; wherein, the fleshy parts being congealed, or by venomous matter

obstructed, the veins which by their natural course empty themselves into the

heart, are not, as they ought to be, supplied from the artery, whereby there succee-

deth at first a cold contraction, and trembling of the limbs; and afterwards a hot, and

strong endeavour of the heart, to force the passage of the blood (cited in Harvey,

1999).

Francis Bacon, in his essay ‘Of Empire’, wrote that merchants ‘are vena porta; and if they

flourish not, a kingdom may have good limbs, but will have empty veins, and nourish

little’ (cited in Harvey, 1999).

At the beginning of the eighteenth century, the term ‘circulation’ had become

established in many sciences, from the flow of saps in plants to the circulation of
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matter in chemical reactions (Teich, 1982). ‘Circulation’ becomes a dominant metaphor

after the French Revolution: ideas, newspapers, gossip and—after 1880—traffic, air,

and power ‘circulate’. From about 1750, wealth and money begin to ‘circulate’ and

are spoken of as though they were liquids, flowing incessantly to nourish a process of

accumulation and growth. Society becomes to be imagined as a system of conduits

(Sennett, 1994). Montesquie in Lettres Persanes (1973, p. 117) speaks of ‘[T]he more “cir-

culation” the more wealth’ and in l’Esprit des Lois (1995) of ‘[M]ultiply wealth by

increasing “circulation”’. Rousseau (1766) refers to ‘[T]his useful and fecund circulation

that enlivens all society’s labour’ and to ‘a “circulation of labour” as one speaks of the

circulation of the money’ (cited in Illich, 1986). Intricate mechanical contraptions were

constructed to mimic national economic dynamics as circuits of conduits, valves, and

connections through which money and goods flowed incessantly. Of course, by the

mid-nineteenth century, the flâneur—dandy, artist, detective, and stroller, the favourite lit-

erary characters of Baudelaire and, later, of Walter Benjamin—had been well represented

and theorized as an object of circulation within urban space. In the process, ‘circulation’

became less and less identified with closed circular movement, but identified with change,

growth, and accumulation. Similar to the way von Liebig discovered the mechanisms of

metabolism through considering the ‘metabolic rift’, ‘circulation’ acquired greater expla-

natory power exactly when it was seen as an integral part of a process of change and

transformation.

Adam Smith and, in particular, Karl Marx conceived a capitalist economy as a meta-

bolic system of circulating money and commodities, carried by and structured through

social interactions and relations. Accumulation is dependent on the swiftness by which

money circulates through society. Each hiccup, stagnation or interruption of circulation

may unleash the infernal forces of devaluation, crisis and chaos. Society’s wealth and

the relationships of power on which wealth is constructed is seen as intrinsically bound

up with and expressed by the ‘circulation speed’ of money in all its forms (capital,

labour, commodities). Later, David Harvey (1985) would analyze the circulation of

capital and its urbanization as a perpetuum mobile channelled through a myriad of

ever-changing production, communication, and consumption networks. The development

and consolidation of circulating money as the basis of material life and the relations of

domination and exclusion through which the circulation of money is organized and main-

tained shapes this ‘urbanization of capital’. Of course, von Liebig and Marx insisted that

metabolic circulation was a process of destruction as well as of creation, one that

harboured both enabling and disabling possibilities, a perspective that was largely lost

in twentieth century ecology or economics.

By the mid-nineteenth century some British architects also begin to speak of the inner

city mobilizing the metaphor of circulation. Sir Edwin Chadwick formulated the ideology

of circulating waters effectively for the first time in 1842. He presented a report on the

sanitary conditions of the labouring population of Great Britain. In his report, Chadwick

imagined the new city as ‘a social body through which water must incessantly circulate,

leaving it again as dirty sewage’. Without interruption, water ought to circulate through

the city to wash it of sweats and excrements and wastes (Vigarello, 1988). Unless water

constantly circulates through the city, pumped in and channelled out, the interior space

imagined by Chadwick (1887) can only stagnate and rot. This representation of urban

space as constructed in and through perpetually circulating flows of water is conspicuously

similar to imagining the city as a vast reservoir of perpetually circulating money. Like the
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individual body and bourgeois society, the city was now also described as a network of

pipes and conduits. The brisker the flow, the greater the wealth, the health and hygiene

of the city would be (Gandy, 2004). New principles of city planning and policing were

emerging based upon the medical metaphors of ‘circulation’ and ‘flow’. The health of

the body became the comparison against which the greatness of cities and states would

be measured. The ‘veins’ and ‘arteries’ of the new urban design were to be freed from

all sources of possible blockage (Sennett, 1994, pp. 262–265; Corbin, 1994).

Urban Space as Spaces of Movement

With circulation as a metabolic process firmly established as practice and as solid rep-

resentation of the process of socio-ecological change, attention quickly moved from

metabolism and circulation to ‘speed’ or, in other words, to the ‘movement of movement’.

Metabolic circulation of the kind analyzed by Marx, and now firmly rooted in generalized

commodity production, exchange, and consumption, is increasingly subject to the socially

constituted dynamics of a capitalist market economy in which the alpha and omega of the

metabolic circulation of socio-ecological assemblages is the desire to circulate money as

capital (Douglas, 2004).

The creation of urban space as space of movement of people, commodities, and infor-

mation radically altered the choreography of the city. Places and spaces became less and

less shared, motion devalues or threatens to devalue place; connections are lost, identities

reconfigured, and attachments broken down. Yet, at the same time, the accumulation of

movement and of capital also signalled an intensified and accelerated accumulation of

new urbanized natures, metabolized through the metabolic vehicles that spun intricate net-

works and conduits. While the urbanization of nature led to a spiralling accumulation of

unstable socio-natural assemblages, the components of these assemblages became radi-

cally disassociated from their geographical origin as speed, movement and mobility ironi-

cally rendered the fields of vision and connections more opaque, transient, and partial.

Although the city turned into a metabolic vehicle, the rift between the social and nature

became in fact rather deeper than ever engrained in the urban or modern imagination.

Take, for example, the cybernetic networked service economies and cultures that are

celebrated as constituting the lifeblood of global cities. While millions of computers are

interconnected in a cyberspatial urban hyper-reality, the accelerating turnover of the hard-

ware to sustain this networked culture produces a spiralling volume of e-waste. This is

rapidly becoming the largest waste stream in the world, one that is globally organized

and produces massively uneven socio-spatial conditions, while radically reconstituting

socio-natural environment. As Pellow (2006, p. 231) argues:

[E-waste] is not only of quantity but also one born of toxic ingredients—such as the

lead, beryllium, mercury, cadmium, hexavalent chromium, and brominated-flame

retardants that pose extraordinary occupational and environmental health threats.

. . . The estimated 315 million computers that became obsolete between 1997 and

2004 contain a total of more than 1.2 billion pounds of lead. . . . Computers and

other electronics constitute a significant component of the physical and communi-

cative infrastructure of cities. Given the level of natural resources required to

produce these commodities, and the ecological damage that results from their pro-

duction and disposal, e-waste is a symptom of the problematic of the human–nature
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interactions inherent in urban spaces. An estimated 80 percent of the US’s computer

waste collected for recycling is exported to Asia, where it is known to be dumped

and recycled under very hazardous conditions. Environmental activists have

called this ‘toxic colonialism’ and a ‘global environmental injustice’.

The global metabolic circulation of the cyberspace economy and socio-natural power

relations inscribed in this remain hidden. While the focus is on speed and high-tech net-

works, the material socio-environmental connections and the uneven power relations that

produce them remain blatantly invisible. The surface of the wired city hides a disturbing

socio-ecological underbelly.

(Hybrid) Natures and (Cyborg) Cities

When mobilizing the twin vehicles of ‘metabolism’ and ‘circulation’ from a historical-

materialist epistemological perspective, the binary construction of ‘nature’ and ‘society’

that characterized much of the modern scientific and cultural tradition radically disappear.

Metabolic circulation, then, is the socially mediated process of environmental—including

technological—transformation and trans-configuration, through which all manner of

‘agents’ are mobilized, attached, collectivized, and networked. The heterogeneous assem-

blages that emerge, as moments in the accelerating and intensifying circuitry of metabolic

vehicles, are central to a historical-geographical materialist ontology and imagination. A

dialectical approach recognizes both the radical heterogeneity of humans and non-humans

enrolled in socio-metabolic processes within an assemblage while recognizing the social,

cultural, and political power relations embodied relationally in these socio-natural or

techno-natural imbroglios. The production of (entangled) things through metabolic circu-

lation is necessarily a process of fusion, of the making of ‘heterogeneous assemblages’, of

constructing longer or shorter networks.

These assemblages of humans and non-humans, of dead labour and inert materials, are

nevertheless reminiscent of the ‘hybrids’ and the ‘cyborgs’ of, respectively, Bruno Latour

and Donna Haraway.

However, there are some qualifications that need to be made in the use of these con-

cepts. Firstly, the notions of ‘hybridity’ or ‘cyborg’ are misleading if not radically repro-

ducing the underlying binary representation of the world. Hence, the bracketing of

‘hybrid’ and ‘cyborg’ in the title of this section refers to the ‘excess of meaning’ inscribed

in coding the city as either ‘hybrid’ or ‘cyborg’. While intuitively attractive, they never-

theless still suggest a process of ‘dirty’ mixing, an ambiguous fusion of things that can be

ontologically separated and ‘purified’. Natures and cities are always already heteroge-

neously constituted, the product of actants in metabolic circulatory processes.

Secondly, while Haraway asks penetrating questions as to why ‘cyborgs’ are produced

the way they are and the relations of power inscribed in these imbroglios, this question

remains silent in Latour’s work. While Latour argues for a new socio-natural constitution,

for a ‘reassembling of the social’ in a way that recognizes the social acting of non-human

things in ways apparently similar to Haraway, he not only ignores the question of power,

but dismisses it radically as a fruitful entry into the excavation of socio-natural imbrogilios

(like e-waste, potable water, or nuclear energy). For him, the key issue centres on trans-

forming the ‘constitutional’ arrangements through which human and non-human actants

become mobilized or enrolled (Latour, 2004).
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In sum, while Latour defends a democratic republic of heterogeneous associations,

Haraway maintains a perspective that emerges from a radically different ontological

position. In other words, a deep ontological divide opens here. As Benedikte Zitouni

(2004) convincingly argues:

Haraway views any entity as an embodiment of relations, an implosion, the threads

of which should be teased apart in order to understand it. Whereas Latour views any

entity as a piece of matter that is continuously affected and that contracts links with a

larger network that allows it to live, to be. On the one hand, the entity crystallizes the

network; on the other hand the entity is supported by the network. Haraway studies

the network in order to define the entity; Latour studies that same network in order to

define the entity’s consistency and persistence. . . . Dialectics, congealment, crystals,

prisms, representations are not possible tools any longer for urban studies but instead

we view pieces of matter, of any kind, that act, react and interact with one another,

that gain there consistency, persistence and existence or lose them through the

affects and links to other agents. Power differences and inequality can no longer

be stated as such, as a departure point into the city but have to be explained

through the many actions and relations between objects, humans and non humans.

There is nothing behind any space or agent, only attachments aside of it that

make it stronger or weaker, allow it to exist or lead it to perish (Zitouni, 2004).

It is in this latter sense that we wish to see the city as a metabolic circulatory process that

materializes as an implosion of socio-natural and socio-technical relations organized

through socially articulated networks and conduits whose origin, movement, and position

is articulated through complex political, social, economic, and cultural relations. These

relations are invariably infused with myriad configurations of power that saturate material

practices, symbolic ordering, and imaginary (or imagined) visions.

Yet, little attention has been paid so far to the urban as a flow or a process of socio-

ecological change.4 Or in other words, the view that a city is a process of environmental

production, sustained by particular sets of socio-metabolic interactions that shape the

urban in distinct, historically contingent ways—a socio-environmental process that is

deeply caught up with socio-metabolic processes operating elsewhere and producing pro-

foundly uneven socio-ecological conditions—rarely grabs the headlines. It is this mode of

thinking about the city that we turn to next.

The Urban as a Flow of Socio-ecological Change

The political-ecological history of any city can be written from the perspective of the need

to urbanize and domesticate nature and the parallel necessity to push the ecological fron-

tier outward as the city expanded (Swyngedouw, 2004). As such an urban political-

ecological process produces both a new urban and rural socio-nature. The city’s

growth, and the process of nature’s urbanization are closely associated with successive

waves of ecological transformation, socio-ecological organization of metabolic processes

as defined above and the extension of urban socio-ecological frontiers. Local, regional,

and national socio-natures are combined with engineering narratives, economic discourses

and practices, land speculation, geo-political tensions, and global money flows. This meta-

bolic circulation process is deeply entrenched in the political-ecology of the local and
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national state, the international divisions of labour and power, and local, regional and

global socio-natural networks and processes.

However, while socio-environmental (both social and physical) qualities may be

enhanced in some places and for some people, they often lead to a deterioration of

social and physical conditions and qualities elsewhere (Peet and Watts, 1996; Keil and

Graham, 1998; Laituri and Kirby, 1994), both within cities and between cities and

other, often very distant, places. A focus on the uneven geographical processes inherent

in the production of urban environments serves as a catalyst for a better understanding

of socio-ecological urbanization. Perpetual change and an ever-shifting mosaic of envir-

onmentally and socio-culturally distinct urban ecologies—varying from the manufactured

and manicured landscaped gardens of gated communities and high-technology campuses

to the ecological war-zones of depressed neighbourhoods with lead-painted walls and

asbestos covered ceilings, waste dumps and pollutant-infested areas—still shape the

choreography of a capitalist urbanization process.

The environment of the city is deeply caught up in this dialectical process and environ-

mental ideologies, practices and projects are part and parcel of this urbanization of nature

process (Davis, 2002; Keil, 2003). From this perspective, there is no such thing as an

unsustainable city in general, but rather there are a series of urban and environmental pro-

cesses that negatively affect some social groups while benefiting others (Swyngedouw and

Kaika, 2000). A just urban socio-environmental perspective, therefore, always needs to

consider the question of who gains and who pays and to ask serious questions about the

multiple power relations—and the networked and scalar geometries of these relations—

through which deeply unjust metabolic processes are produced and maintained. In other

words, environmental transformations are not independent from class, gender, ethnicity,

or other power struggles. These metabolisms produce socio-environmental processes

that are both enabling, for powerful individuals and groups, and disabling, for margina-

lized individuals and groups. They precisely produce positions of empowerment and dis-

empowerment. Because these relations form under—and can be traced directly back to—

the crisis tendencies inherent to neo-liberal forms of capitalist development, the struggle

against exploitative socio-economic relations fuses necessarily together with the struggle

to bring about more just urban environments (Bond, 2002; Swyngedouw, 2005).

Processes of socio-environmental change and the reconfiguration of metabolic circula-

tory arrangements are, therefore, never socially or ecologically neutral. This results in con-

ditions under which particular trajectories of socio-environmental change undermine the

stability of humans and non-humans (and the local ecologies of which they are part) in

some places, while their ‘sustainability’ elsewhere might be enhanced. In sum, the politi-

cal-ecological examination of the urbanization process reveals the inherently contradic-

tory nature of metabolic change and their technonatural ‘metabolic vehicles’ and teases

out the inevitable conflicts (or the displacements there-of) that infuse socio-environmental

change (see Swyngedouw et al., 2002). It is this nexus of power and the social actors

deploying or mobilizing these power relations that ultimately decide who will have

access to or control over, and who will be excluded from access to or control over,

resources or other components of the environment.

These power relations shape the socio-natural configurations of the urban environments

in which we live. Because the power-laden socio-ecological relations that go into the for-

mation of urban environments constantly shift between groups of human and non-human

actors and across spatial scales, historical-geographical insights into these ever-changing
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urban configurations are necessary for the sake of considering the future evolution of

urban environments.

Developing a Political Ecology of the Urban

An urban political ecological perspective permits new insights in the urban problematic

and opens new avenues for re-centring the urban as the pivotal terrain for eco-political

action. To the extent that emancipatory urban politics reside in acquiring the power to

produce urban environments in line with the aspirations, needs, and desires of those inha-

biting these spaces, the capacity to produce the physical and social environment in which

one dwells, the question of whose nature is or becomes urbanized must be at the forefront

of any radical political action. This endeavour opens up a research agenda and a political

platform that may set pointers for democratizing the politics through which cities are pro-

duced as both enabling and disempowering sites of living for humans and non-humans.

‘Urbanizing’ the environment, therefore, is a project of social and physical environmental

construction that actively produces the urban (and other) environments that we wish to

inhabit today.

A number of recent contributions to this debate have begun to address this problematic

in one way or another. William Cronon (1991), for example, in Nature’s Metropolis, tells

the story of Chicago from the vantage point of the socio-natural processes that transformed

both city and countryside and produced the particular political-ecology that shaped the

transformation of the mid-West and produced a particular American socio-nature.

While symptomatically silent about the myriad of struggles that have infused this

process (African American, women’s, and workers’ organizations and struggles are notor-

iously absent from or marginalized in his narrative), the book marks interesting and

powerful pointers on the way to a political-ecology of the urban.

Mike Davis (1990), for his part, in City of Quartz and other recent publications (Davis,

1996, 1998) suggests how nature and society become materially and discursively

constructed in and through the dialectics of Los Angeles’ urbanization process, and

how multiple social struggles have infused and shaped this process in deeply uneven,

exclusive and empowering/disempowering ways. For him, homelessness and racism

combine with pollution, earthquakes and water scarcity as the most acute socio-ecological

problems that have been produced through the particular form of post-industrial capitalist

development that has shaped Los Angeles as the Third World Megalopolis. Indeed, the

history of Los Angeles’ urbanization process indicates how the socio-ecological trans-

formation of desert lands, the manufacture of an orchard socio-nature, and subsequent

construction of ‘silicon’ landscapes is paralleled by urbanizing, capturing and controlling

ever larger and distant watersheds, by speculatively pushing the frontier of ‘developable’

land further outwards and by an ever-changing, but immensely contested and socially sig-

nificant (in terms of access and exclusion; empowerment/disempowerment) choreo-

graphy of national laws, rules and engineering projects (Worster, 1985; Gottlieb and

Fitzsimmons, 1991). Of course, as the deserts bloomed, ecological and social disaster

hit: water scarcity, pollution, congestion and lack of sewage disposal combined with

mounting economic and racial tensions and a rising environmentalism (O’Connor,

1998, p. 118; Keil and Desfor, 1996; Keil, 1998). The rhetoric of disaster, risk, and scar-

city often provided the discursive vehicles through which power brokers could continu-

ously re-invent their boosterist dream. Picturing a simulacrum of drought, scarcity and
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a return to the desert produced a spectacularized vision of the dystopian city whose fate is

directly related to faith in the administrators, engineers and technicians who make sure the

tap keeps flowing and land keeps being ‘developed’. The hidden stories of pending socio-

ecological disaster provide the ferment in which local, regional and national socio-natures

are combined with engineering narratives, land speculation and global flows of water,

wine and money.

Matthew Gandy (2002) excavates with great skill and in exquisite detail the re-working

of nature in New York City, a re-working that is simultaneously material and physical, and

embedded in political, social, and cultural framings of nature. At the same time, the myriad

power relations and political strategies that infuse the socio-environmental metabolism of

New York’s socio-nature are meticulously excavated and taken to centre stage in the

reconstruction of contemporary New York as a cyborg city.

In my own recent work (see Swyngedouw, 2004), I charted how the flow of water, in its

material, symbolic, political and discursive constructions, embodies and expresses exactly

how the ‘production of nature’ is both arena and outcome of the tumultuous re-ordering of

socio-nature in ever-changing and intricate manners. This flow of water as a socio-

environmental metabolic process and its historical-geographical production process is

used as an entry point to excavate the process of modern urbanization in Guayaquil,

Ecuador. Guayaquil, Ecuador’s largest and most powerful city located on the Pacific

coast, suffers from a seriously socially uneven access to potable urban water, like

many other cities in developing countries. Some 38% of its two million inhabitants do

not have access to piped potable water, and depend on private vendors who sell water

at a massively inflated price. Publicly supplied water costs approximately three cents

for 1,000 litres, while private water vendors charge three dollars. As a result, an

intense social and political struggle, enacted at bodily, neighbourhood, urban, regional,

national, and international scales, unfolds over access to and control over the city’s

water resources. The uneven power relationships that have shaped Guayaquil’s urbani-

zation process are thus etched into the circulation of urban H2O. The city of Guayaquil

and the urbanization of potable water developed on the basis of successive ecological con-

quests and the appropriation of rents, from agricultural produce or the pumping of oil,

through which money was continuously recycled and nature became urbanized. The har-

nessing and urbanization of water inserted water circulation squarely into the circulation

process of money and its associated power relations and class differentiations. With each

round of accumulation, based successively on cocoa, bananas, and oil, the territorial scale

of the socio-ecological complex changed and the scalar geographies of political power

became re-articulated.

A new configuration of elites would each time reorganize the socio-ecological configur-

ation of the urbanization process and shape the hydro-social networks according to its own

interests and logic. In the process, the hydro-social flow became transformed and restruc-

tured, culminating in a highly oppressive and uneven access to water.

The production of the city as a cyborg, excavated through the analysis of the circulation

of hybridized water, opens up a new arena for thinking and acting in the city; an arena that

is neither local nor global, but that weaves a network that is always simultaneously deeply

localized and extends its reach over a certain scale, a certain spatial surface. The tensions,

conflicts and forces that flow with water through the body, the city, the region and the

globe show the cracks in the lines, the meshes in the net, the spaces and plateaus of resist-

ance and of power.
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The Urbanization of Nature: Conclusion

‘Metabolism’ and ‘circulation’ permit excavating the socio-environmental basis of

the city’s existence and its change over time. The socio-naturally ‘networked’ city can

be understood as an intricate socio-environmental process, perpetually transforming the

socio-physical metabolism of nature. Nature and society are in this way combined to

form an urban political-ecology, a hybrid, an urban cyborg that combines the powers of

nature with those of class, gender, and ethnic relations. In the process, a socio-spatial

fabric is produced that privileges some and excludes many, that produces significant

socio-environmental injustices. Nature, therefore, is an integral element of the political-

ecology of the city and needs to be addressed in these terms. Urbanizing nature, although

generally portrayed as a technological-engineering problem is, in fact, as much part of the

politics of life as any other social process. The recognition of this political meaning of

nature is essential if sustainability is to be combined with a just and empowering urban

development; an urban development that returns the city and the city’s environment to

its citizens. In other words, socio-ecological metabolisms are inherently part-political pro-

cesses and, consequently, constitute an integral part of any political or social project. Pol-

itical visions are, therefore, necessarily also ecological visions; any political project must,

of necessity, also be an environmental project (and vice versa).

Environmental and social changes co-determine each other. Processes of socio-

environmental metabolic circulation transform both social and physical environments

and produce social and physical milieus (such as cities) with new and distinct qualities.

In other words, environments are combined socio-physical constructions that are actively

and historically produced, both in terms of social content and physical-environmental

qualities. Whether we consider the making of urban parks, urban natural reserves, or sky-

scrapers, they each contain and express fused socio-physical and technonatural processes

that contain and embody particular metabolic and social relations.

There is, consequently, nothing a-priori unnatural about produced environments like

cities, genetically modified organisms, dammed rivers, or irrigated fields. Produced

environments are specific historical results of socio-environmental processes. The urban

world is a cyborg world, part natural part social, part technical part cultural, but with

no clear boundaries, centres, or margins. All socio-spatial processes are invariably also

predicated upon the circulation and metabolism of physical, chemical, or biological com-

ponents. Non-human ‘actants’ play an active role in mobilizing socio-natural circulatory

and metabolic processes. It is these circulatory conduits that link often distant places and

ecosystems together and permit relating local processes with wider socio-metabolic flows,

networks, configurations, and dynamics.

These socio-environmental metabolisms produce a series of both enabling and disabling

social and environmental conditions. While environmental (both social and physical) qual-

ities may be enhanced in some places and for some humans and non-humans, they often

lead to a deterioration of social, physical, and/or ecological conditions and qualities else-

where. Therefore, processes of metabolic change are never socially or ecologically

neutral. This results in conditions under which particular trajectories of socio-

environmental change undermine the stability or coherence of some social groups,

places or ecologies, while their sustainability elsewhere might be enhanced.

In sum, the political-ecological examination of the urbanization process reveals the

inherently contradictory nature of the process of metabolic circulatory change
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and teases out the inevitable conflicts (or the displacements there-of) that infuse

socio-environmental change. Social power relations (whether material or discursive,

economic, political, and/or cultural) through which metabolic circulatory processes

take place are particularly important. It is these power relations through which human

and non-human actors become enrolled, and the socio-natural networks carrying them

that ultimately decide who will have access to or control over, and who will be excluded

from access to or control over, resources or other components of the environment and who

or what will be positively or negatively enrolled in such metabolic imbroglios. These

power relations, in turn, shape the particular social and political configurations and the

environments in which we live.

Questions of socio-environmental sustainability are therefore fundamentally political

questions. The politics of socio-ecological transformations tease out who (or what)

gains from and who pays for, who (or what) benefits from and who suffers (and in what

ways) from particular processes of metabolic circulatory change. It also seeks answers

to questions about what or who needs to be sustained and how this can be maintained

or achieved. This requires unravelling the nature of the social relationships that unfold

between individuals and social groups and how these, in turn, are mediated by and struc-

tured through processes of ecological change. In other words, urban political ecology

demonstrates how socio-ecological sustainability can only be achieved by means of a

democratically controlled and organized process of socio-environmental (re)-construction.

Notes

1Although Schmidt (1971) and Fisher-Kowalski (1998) maintain that Moleschott (1857) provided the influ-

ential insights, this is convincingly rebuked by Foster (2000), who maintained that von Liebig and Mayer

(1845) were of central importance. In any case, the use of ‘metabolism’ was widespread in the emerging

social sciences at the time and both Marx and Engels were familiar with the then ongoing scientific debates

in biology.
2This has become engrained in social theory since its founding fathers Durkheim, Weber, and a ‘socialized’

Marx.
3The first person apparently to suggest the circulation of blood in the arterial system was Ibn-al-Nnafiz

(physician, born in Baghdad and died in Cairo in 1288) (Illich, 1986, p. 40). The idea of circulation

remained alien to the imagination of sixteenth century Europeans. Two sixteenth century scientists sus-

pected what Harvey would later discover: Servetus (a Spanish genius and heretic burnt by Calvin—he

also edited Ptolemy’s geography in Lyon—and student of Vesalius in Paris) and Realdus Colombus of

Padua (also student of Vesalius). Harvey was a student of Vesalius in 1603.
4Among those who address this issue are: Blowers (1993), Haughton and Hunter (1994), or, for a more criti-

cal perspective, Burgess et al. (1997), Baeten (2000), Davis (1998), Desfor and Keil (2004), Gandy (2002),

Keil and Graham (1998) and Swyngedouw (1999, 2004).
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