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introduction

The maintenance or regulation of any system necessarily comes at the expense 
of dissipating disorder into a surrounding system. Capitalism seems to con-

tain mechanisms which cause it to  ‘overdevelop,’ and hence to generate an exces-
sive amount of disorder which must be absorbed somewhere. Th is article will 
argue that this takes two forms. On the one hand, human society has a physical 
environment, the ecosystem. Its relationship with this environment should be, 
and through most of history has been, handled in a sustainable way. But since the 
capitalist mode of production has taken hold of society, it has subordinated this 
relationship to its own demands and is developing in a way which clearly under-
mines the integrity of this surrounding system. Secondly, looking within society, 

This article considers capitalism as a dis-
sipative system, developing at the expense of 
exporting disorder into two sorts of ‘environ-
ment’: the physical ecosystem; and a subordi-
nate area of society which serves to nourish 
mainstream order without experiencing its 
benefits. Particularly significant is the rela-
tionship between the two forms of dissipation. 
The paper begins by assessing the dangers of 
translating systems theory into social rela-
tions, concluding that the project is neverthe-
less worthwhile, provided that exploitation and 
struggle are constantly borne in mind. Explor-
ing the concepts of  ‘core’ and ‘periphery,’ the 
paper highlights the contradictory nature of 
an attribute of chaos which is both ascribed to 
the out-group, and also really exported to it. 
If the core’s growth merely destroyed periph-
eral order, the entropy of capitalism would be 
starkly exposed in the form of an exhaustion of 
future room for maneuver. This problem can 
be kept at bay by maintaining a self-reproduc-
ing ‘low’ order within the subordinate social 
system; however the fundamental entropy is 
still there, and will sooner or later manifest 
itself in the shape of threats to the sustain-
ability of that subordinate system. At the level 
of the international political economy (IPE), 
this dialectic unfolds against the background 
of a ‘lumpy’ development whereby (following 
structural crises) order can be reconstituted, 
but at a cost which must be absorbed some-
where. In the case of the post-World War II 
reordering, this cost was massively exported 

to the physical environment. Since a high level 
of ecological depletion now appears perma-
nently embedded within the capitalist IPE, 
future major efforts of order-building cannot 
rely on this dimension to the same degree, 
and must instead access some new forms of 
dissipative relationship with the social envi-
ronment. The paper argues that this is the 
fundamental significance of the ‘sustainable 
development’ discourse: it brings together the 
physical and social environments into a single 
approach, where substitution between one 
and the other can be experimented. To some 
extent, the social environment can be treated 
as ‘fuel,’ and contemporary management sys-
tems are noteworthy for exploring the access 
to an added value through the self-exploita-
tion of small producers, realized through 
emergent process such as production chains. 
But ultimately, the ‘fuel’ definition cannot be 
separated from the other definition of dissipa-
tion, the export of disorder; and this must be 
managed somehow. The dominant interests 
respond by means of social engineering in the 
periphery, for example by pushing the sustain-
ability notion in the direction of social devel-
opment theories like ‘sustainable livelihoods.’ 
Most immediately the problem appears in the 
form of purely negative phenomena: namely 
unmanageable levels of poverty and conflict. 
But there is another issue, even more threat-
ening to the capitalist order, but hopeful for 
those critical of it: the increasing likelihood 
of unco-opted forms of emergent social order.
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although in one sense the social space as a whole is under the sway of capitalism, 
this always presupposes a division into one area which appropriates the ben-
efi ts of order, and another which pays the price. Th is division can be understood 
in several ways: at a gender level, at a class level, in the North-South divide, in 
regional disparities and increasingly in various forms of the marginalization and 
exclusion of an out-group. In this article, I loosely use the concept of core and 
periphery to characterize such relationships, and argue that these relationships 
are also dissipative ones. 

Th is general picture makes intuitive sense, but leaves many unanswered 
questions. For example, to what extent can we legitimately transpose ideas from 
physical systems into social ones? If we are to make such a transposition, what 
is the relationship between structure and agency in the way systems operate? 
Can we give a coherent defi nition to the concept of regulation, employed in both 
physical and social sciences but seemingly without much consistency between 
the two? And what is the equivalent of entropy within the capitalist mode of 
production?

Th is article aims to map out the terrain. It seeks to aid future research by 
giving more complete formulations of these and similar questions, and wher-
ever this is necessary for the purposes of its main argument, to propose tentative 
answers to them. Th e main thrust of the article is to consider an issue of out-
standing importance for the current and future world order. Assuming that these 
two forms of dissipation exist, how does the mode of regulation of capitalism 
handle the relationship between them? Can it, for example, sidestep limits in the 
absorption (carrying capacity) of one sphere by augmenting that of the other? 
Th is enquiry will involve us in a close examination of the workings of the mode 
of production. We will be operating with the fundamental approaches employed 
in the Marxist tradition, but aiming to examine them in a fresh way by using the 
systems perspective.

the environmental cost of order

According to the Second Law of thermodynamics, a system, left to itself, will 
not move toward higher order; instead, its entropy will tend to increase. If it is to 
defy this restriction, it must do so through a  ‘dissipative’ relationship with a sur-
rounding system, which constitutes its environment (Kay 1991): order-building 
is compensated by an increase, within that environment, of a disorder which is in 
some sense its negative refl ection. 

For the human social system, this most obviously occurs in our relation-
ship with the physical environment. Any striving for higher order—expressed 
as  ‘development’—must be dissipative; but it may or may not be sustainable. Th is 

distinction is important. A social system fuelled essentially by solar energy is 
dissipative because its order is compensated by the degradation of the sun, but 
from a practical point of view the extremely long time scale means that it can be 
considered sustainable (Georgescu-Roegen 1975). Th is is in fact the only mean-
ingful defi nition of sustainability. 

Social development may depart from this sustainability criterion. Th e basis 
for such a possibility is that society does not principally interact directly with the 
solar system, but rather through the intermediary of the earth’s ecosystem, which 
processes and fi lters solar energy. We can defi ne as unsustainable any development 
of social order which is fuelled by the degradation of this environment (of the ecosys-
tem itself, rather than of the sun). Such degradation can be illustrated under the 
following forms:

(a) The plant and animal populations which embody solar energy in a socially 
useful form could be consumed—or (of particular significance in the contem-
porary context) manipulated—in a way which undermines their reproduction, 
or their interdependent systemic relationship to one another.

(b) Non-renewable deposits of so-called ‘natural resources’ can be conceptu-
alized as a form of  ‘negative entropy’ or  ‘exergy’ (Dincer ), converted into 
entropy as they are used up. Any development primarily fuelled by these will 
exhaust itself.

(c) The ecosystem has developed self-regulating mechanisms, most impor-
tantly for the regulation of temperature. Development could take a form 
which undermines these.

A social system would be inherently unsustainable if its own characteristic sys-
temic processes developed in such a way as to undermine those of the ecosystem. It 
seems probable that capitalism has done just that. Let us consider the form that 
this could take.

It is reasonable to argue that the key driving principle of contemporary soci-
ety is capital accumulation, and this has been recognized to have implications for 
creating unsustainable levels of entropy (Prew 2003). Th e most basic explanation 
of this is that accumulation has the characteristic of a positive feedback loop. 
Positive feedback describes any process where the result amplifi es the original 
cause. Th is property can be utilized creatively (in acoustics, it is utilized with the 
electric guitar, for example), but there is always a dangerous aspect in positive 
feedback because it can initiate runaway processes. Th e accumulation of wealth 
has always implicitly carried this risk (a certain amount of wealth conveys the 
power to accumulate more, and so on); traditional society developed counter-
acting mechanisms to prevent this overwhelming all other social criteria (Biel 
2000), but with capitalism, these safeguards were removed. Economics often 



Robert Biel112 The Interplay between Social and Environmental Degradation 

remainder operates as a social environment, from which the core can extract a 
kind of  ‘fuel’ or to which it can export disorder.

problems in translating systems concepts into the social 
sphere

Th e implication here is that the key concepts of the systems approach—the 
‘cost’ of order, dissipation etc.—are in some sense applicable within the sphere 
of social and productive systems. Th ere is much interesting potential in such 
an approach, not least in pursuit of a unifi ed view of the ecological and socio-
economic parameters of capitalism, perhaps in fi nding a common language 
whereby one could integrate contributions from several diff erent disciplines as 
part of such a project. 

However, the issue of translating systems terminology into human social 
systems is fraught with diffi  culties. I will argue that this is not a reason for not 
attempting it, but it undoubtedly requires a consciousness of the pitfalls. A com-
prehensive examination of such problems is beyond the scope of this article, nor 
would it necessarily be the most fruitful idea to attempt this in the abstract. What 
we are attempting here is rather to examine the systems approach by applying it 
concretely to a particular problem, thereby hopefully demonstrating that there 
is something of value in the project. It will nevertheless be helpful at this point 
briefl y to indicate some of the pitfalls and how they could be avoided.

Th e big potential danger seems to arise when we objectify systems as enti-
ties with their own propensities. It is true that this is not really our main aim: it 
is perfectly valid to focus our attention on certain explanatory tools of systems 
theory such as the notion that order in one part of the system is in some sense 
refl ected in disorder elsewhere. Nevertheless, it is hard to explore this without 
impinging on areas such as the notion of systems generating their own modes of 
regulation (including feedback processes); of phase transition between one large-
scale structure and another; and of emergence as the self-creation of order. It 
would be naïve to suppose that we could address such questions without at some 
point confronting the objectifi cation/propensities issue, and making explicit our 
stance.

Th e fi rst thing to be conscious of, and to demarcate ourselves from, is the 
reactionary usage of the notion of objectifi ed systems as a justifi cation of the 
status quo. In a sense this is characteristic of the whole history of liberalism: 
Adam Smith’s notion of a ‘hidden hand’ says that, out of the pursuit of indi-
vidual acts of self-interest, arises an order superior to anything which could be 
created by conscious intervention. More recently, Hayek’s (1973) position, which 
forms one of the bases of contemporary neo-liberalism, pushed this in a struc-
turalist direction, to produce a notion of spontaneous order. Th ese perspectives 

pursues ‘self-sustained’ growth, which is presented as a desirable goal, but the 
systems perspective would dissect this notion critically. Th e image is partly true, 
but it is precisely where it is true that it is most dangerous: the dynamic of posi-
tive feedback loops is indeed self-sustained. Th e false aspect is the assumption 
that growth sustains (nourishes) itself from itself, whereas in reality it depends on 
an environment to degrade. A classic of the environmental literature, the Limits 
to Growth (Meadows et al. 1972), although mechanistic in some of its attempts 
to apply systems concepts (notably with respect to population), had the underly-
ing merit of recognizing that capital accumulation would inevitably enter into 
contradiction with the ecological systems which support life. Much of the subse-
quent history of mainstream environmentalism has been dedicated to obscuring 
this dangerous truth.

Whatever its implied feedback-generating qualities, wealth cannot by itself 
accumulate: it requires social conditions. So far, we have assumed that the only 
dissipative relationship is the one between society ‘as a whole’ and its external 
physical environment. We could indeed theoretically imagine a society which is 
unifi ed internally, but develops at the expense of unsustainable physical environ-
mental degradation. But this is not applicable to the case under consideration; 
for it is intuitively obvious that the accumulation feedback loop is premised on 
division within the social sphere. 

I will therefore take the fact of social division (at several diff erent levels) as 
fundamental, and on this basis will posit, as the main focus of this article, the 
idea that such internal relationships are also dissipative. Th is model, which will 
provide a point of reference for our subsequent discussion, is set out graphically 
in Figure 1. Here, one form of dissipation/degradation is embedded within the 
other. 

In Figure 1, order in a useful sense—experienced as stability, predictability, 
equilibrium or development—is established only within part of society. Th e 

Figure 1 – The Two Levels of Dissipation
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supplemented the religious justifi cations of the status quo employed by earlier 
exploitative systems, their function being therefore perhaps primarily ideologi-
cal. Th is is not to downgrade the importance of the ideological dimension. On 
the contrary, the embedding of the mode of production within belief systems 
is fundamental to its functioning. But in emphasizing the deceptive aspect of 
the systems perspective, we risk losing sight of an important and less obvious 
dimension: capitalism really operates as a system, and its theories may benefi t 
from recognizing this fact. Th e market is in some sense an effi  cient mechanism 
of exploitation, precisely because it enables exploitative relations to self-engineer 
themselves. Arguably, it is one of the intrinsic rules of capitalism as a system, 
without which it would cease to be what it is. Th e systems concept applied to the 
market can therefore be regarded as part of a body of knowledge which refl ects 
real-world issues, but which is developed one-sidedly and thereby ‘anchored’ in 
the interest of the ruling establishment (cf. Lenin 1961 [1915]: 363). 

As well as generally presenting the market as the solution (rather than as the 
problem), the liberal discourse also serves the status quo by concealing important 
elements of the really-existing system. It keeps quiet about predatory corporate 
interests which function to channel the value generated by the self-engineered 
exploitative relations of the market sphere, and about the crucial role of the state 
in backing such interests. But capitalist self-refl ection cannot aff ord totally to 
ignore these important aspects. Consequently it has increasingly supplemented 
its market-fundamentalist facet with a systems perspective on issues such as gov-
ernance. Here too, there is a strong aspect of ideology: the whole notion of glo-
balization serves as an umbrella concept to justify any aspect of the status quo 
as an inevitability. But the recent debates also address real issues of the mode 
of production and indeed perhaps, by monopolizing the terrain, inhibit a more 
radical and critical use of systems theory to analyze them. Th e key weakness of 
market-fundamentalism was the assumption that all relationships are transient, 
whereas the real world witnesses emergent structures at a number of levels. One 
of the major developments of capitalism over recent years has been to take this on 
board: industrial clusters, the notion of  ‘network capitalism’ (cf. von Tunzelmann 
2003), and so on. But of course this is used in such a way as to inscribe these 
developments within a fatalistic subservience to global accumulation processes, 
to foreclose the debate about alternatives or about radical adaptations of such 
processes. It is all too easy to make a transition from sound thermodynamics to 
dubious social theory (for example, Wall 1993) if one forgets the manipulative 
dimension of current management doctrines.

We can convincingly argue that the pro-status quo usage of the systems 
approach is foreign to the essential nature of that approach, in the sense that 
the latter is inherently open-ended and non-teleological. Th is suggests that to a 

certain extent we could conduct a critique of the establishment discourse from 
within the realms of systems theory itself. Nevertheless, such an approach would 
obviously not be adequate. In this article, our main working rule of thumb has 
been not the abstract logic of systems theory, but rather the reality of exploita-
tion and struggle within social systems as they really exist. It is precisely because 
the systems approach (as applied to human systems) does not inherently encom-
pass this dimension that it is open to abuse, and therefore that the dialogue with 
Marxism is important in strengthening and improving it.

While the foregoing argument has emphasized the distortions emanat-
ing from the pro-status quo forces, a second, and in a way converse, danger is 
the incorporation of excessive structuralism within left-wing perspectives. 
Mechanical materialism, determinism and linear views of development, although 
(as I certainly believe) foreign to Marxism’s basic nature, have historically dem-
onstrated a strong propensity to develop within Marxist-inspired currents of 
thought. Might not the dialogue with systems theory make this worse? 

I will hope that the present article will show that this is not the case, and 
that the open-endedness of the systems approach is in fact an antidote to some 
of these risks. Without anticipating the subsequent argument, it is suffi  cient to 
raise the issue of the structure-agency debate within social science, and more 
particularly the issue of the correct attitude to structuralism. Structuralism 
has a strong tendency to reify systems and their  ‘propensities.’ If we consider 
its expression in anthropology (for example, Levi-Strauss 1958), it seems clear 
that there are strong Eurocentric and gender biases in the way the propensities 
are defi ned, and it underestimates the importance of agency, most crucially of 
struggle (cf. Biel 2000). Despite this, I would argue for a progressive potential 
in some aspects of the structuralist approach. It seems correct to be sensitive to 
the notion of capitalism as a system with its own momentum, in fact a highly 
destructive one, a perspective which is certainly present in Marx’s work; as such, 
the system develops self-preserving and self-regulating characteristics, a recogni-
tion which is surely central to the contribution of Gramsci. 

To recognise this fact does not necessarily involve an over-emphasis on 
structure as distinct from agency. As I will argue below, although the concept 
of  ‘emergence’ has some relationship with that of  ‘spontaneity,’ it can be defi ned 
in such a way as to be fully open to the importance of conscious, intended 
action—and crucially, action not just by an elite but arising from the grassroots. 
Th e systems approach, in its emphasis on information, is capable of suggesting a 
new perspective on the structure-agency issue. Th e objective means of regulation 
within biological systems is the exchange of information, and, as Roederer (2003) 
points out, in the case of human systems this includes ‘information about the 
future.’ We can relate this to a particular slant on the question of  ‘agency’—that 
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is, the envisaging of desired outcomes—which therefore in a sense becomes the 
mode of operation of structure. Of course, within the mainstream discourse the 
systems perspective is currently imprisoned by a narrow framework which recog-
nizes only the market as a conveyor of information; but if this narrow limitation 
is overturned, the emergent structures produced by information-fl ows, such as 
networking, could be broadened outwards as a principle of a new social order 
rather than being constrained into the role of generating effi  cient exploitative 
structures within the current one.

a systems reading of the concepts of core and periphery

Following this brief discussion, we can consider the application of the sys-
tems perspective to the international political economy (IPE). A useful start-
ing point is a concept drawn from an area of the literature which has already 
approached relations in the IPE in core-periphery terms: namely dependency 
theory. 

Th ere is an interesting contradiction underlying the whole notion of depen-
dency. It is the core that is really dependent upon the periphery, because with-
out the latter’s inputs, or role as a sink, core order would be impossible. But in 
social systems, the core’s dependence tends to be concealed; the offi  cial rules of 
its order typically make the relationship appear to be the reverse, as though the 
periphery is dependent on it. Gender studies has made a crucial contribution to 
understanding this issue: the public sphere, where the rules of order are debated, 
defi nes these rules in such a way as to conceal offi  cial society’s dependence on the 
household (Hartsock 1983). Under capitalism, while the household constitutes a 
fundamental basis for the supposedly self-sustaining circuits of capital accumu-
lation, it has typically been excluded from the visible expression of that accumu-
lation, as we see in the exclusion of women’s labor from the defi nition of gross 
domestic product which forms the basis of national accounting (Waring 1989). 

In a theoretical sense, the core’s very identity is dependent on the area from 
which its boundary separates it and which determines what it is not (cf. Zwick 
n.d.). Th is is implied in the philosophical principle “every determination is nega-
tion,” or in the form developed by Hegel (1969: 528): “What something is…it is 
wholly in its externality.” 

Since the core defi nes itself as a negation of its periphery, an important 
issue arises in relation to the notion of chaos and disorder. As with dependence, 
there is a duality and contradiction in this notion. Th e supremacy of the core is 
asserted by vaunting its own order, achieved through the ascription of negative 
characteristics to the outsider. Th is can be studied in the literature on exclusion: 
the out-group’s identity is manufactured as a representation of all the disorder 
the core purports to have abolished within itself (Sibley 1995). We can observe 

this in concrete cases, for example the phenomenon of gated communities (Barry 
1998). And in the literature on colonialism, it is clear that the core creates an 
invented (disordered)  ‘other’ to fuel its own self-identity (Cesaire 1972 [1955], 
Curtin 1965). Colonialism is an act of expansion, not in the sense of the core 
admitting more regions to its own order, but of expanding the area within which 
the manufacture of identities is conducted on its terms. Th e assimilationist 
promise is therefore one of an illusory inclusiveness (Fanon 1965 [1961]). We can 
consider today’s globalization discourse in a similar light: aggressively  ‘inclusive’, 
but the very act of inclusion necessitating an act of homage to an imposed set of 
values. In all these processes, the periphery receives false attributes of chaos, so 
as to justify the imposition of order. In fact, the excluded experience implies a 
special defi nition of order; instead of stability or security, it signifi es control.

But this ascribed chaos also becomes a self-fulfi lling prophecy: the rise of 
core order is really refl ected in an export to the periphery of a disorder which 
negatively refl ects the order established within the core. In the colonial context, 
when resources were siphoned to lay the physical basis for core development, 
the old functioning social order was destroyed without being replaced by a sys-
temically coherent alternative (Rodney 1972). Th e resultant situation of depleted 
order could be assessed, for example, by indicators such as poverty and confl ict. 
One of the fi rst to describe this relationship, in what can be considered a sig-
nifi cant and underrated contribution to a systems reading of IPE, was Dadabhai 
Naoroji (1962 [1901]), who explicitly viewed poverty as an expression of  ‘drain,’ of 
a depletion suff ered by the colonized country, a siphoning of the material basis of 
order initially from the hinterland into the extraverted port-economy, and then 
internationally. Such clarity is anathema to contemporary mainstream poverty 
discourses.

Th e relationship between any system and its environment can be conceptu-
alized not just as the export of disorder, but also as the fuelling of the core system 
from its environment. Since we are dealing in our model with two embedded 
processes—social fuelling embedded within physical-environmental fuelling—
an extremely important issue arises in this context. We could confi ne the fuel-
ling issue purely within the social sphere (bounded by the outer oval in Figure 1 
depicted earlier). In this case the fuelling would be based on human resources. 
Th is is a highly signifi cant dimension, whose importance was illuminated by the 
radical Black perspective in its treatment of the slave trade ( James 1980 [1938]). 
But it is at the same time evident that the core’s control of its social environment 
(periphery) also confers access to resources from the physical environment, situ-
ated in or managed by that periphery. In other words, the control of one environ-
ment (the social) confers that of the other (the ecosystem). Again, the gender 
literature has contributed decisively in pinpointing this relationship, notably in 
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which in turn augments socio-political power. Such a perspective could open the 
way to realizing the project sketched out before his death by Malcolm Caldwell, 
a pioneer of the concept of linking entropy with international politics (Caldwell 
n.d. [1972]).

 Th e above mechanisms are extremely interesting. But, despite the strength 
of this demonstration, I will nevertheless argue that we should be careful to 
regard the physical and social forms of dissipation as distinct categories, precisely 
in order to study a relationship between them which may undergo important 
changes. My central argument in this article will propose a model which goes 
counter to any simplistic assumption of a positive relationship between the two 
forms of degradation. In fact, the mode of operation of the capitalist IPE could 
include compensating movements of the two categories. Both would continue to be 
depleted, but not necessarily at the same rate.

Such changes form the basis of what I will call regulation. As a prelude to 
defi ning this concept, the next step will be to make explicit our understanding 
of a key idea which underlies the disorder/fuelling issue, and in particular the 
limitations and constraints imposed on a system’s capacity to export disorder or 
import fuel, namely entropy. Th e question is, can this be defi ned in a specifi cally 
social sense?

a social definition of entropy 

Entropy as an idea is somehow linked to the exhaustion of the future room to 
maneuver, or of the developmental potential, in any system. Th e latter fuels itself 
not only at the expense of physical resources (raw materials, human resources), 
but by depleting its future room to grow.

An important point of departure for our argument can be found in the work 
of Rosa Luxemburg. In Th e Accumulation of Capital (Luxemburg 1952 [1913]) she 
argues that the apparent self-nurturing of the accumulation circuits is secretly 
fuelled by an environment (within society) which it progressively degrades (the 
German text employs the French word ‘milieu,’ rendered in English translation 
as ‘environment’). Luxemburg (1952 [1913]) expresses the relationship as fol-
lows: “Th e existence and development of capitalism requires an environment of 
non-capitalist forms of production…”; “Accumulation is more than an internal 
relationship between the branches of capitalist economy; it is primarily a rela-
tionship between capital and a non-capitalist environment”; and it fuels itself 
from the “progressive breakdown and disintegration” of this sphere. Employing 
this model, we could represent entropy as the shrinking of the remaining area avail-
able to support core order. Concretely, Luxemburg defi nes the milieu as ‘tradition,’ 
the area of society not yet part of capitalist relations. As it is broken down, it 
is brought, not into the core itself, but into the sphere of commodifi cation, of 

Carolyn Merchant’s (1990) ‘death of nature’ thesis: the destruction of women’s 
autonomy in early capitalist society removed the restriction on manipulating 
the genetic resources of the plant and animal populations over which women 
used to act as guardians, and on access to the mineral resources which earlier 
taboos had shielded within what was considered the womb of the earth-mother. 
In the North-South context, the relationship is empirically obvious: the sup-
posedly self-reproducing accumulation circuits in the core are dependent upon 
the supply of cheap cash crops or minerals. Th ese exact a cost not only in the 
depletion of the human resources used to produce them, but also in physical 
environmental degradation (for example, in the case of cash crops, by causing soil 
erosion or lowering the water table). In Stephen Bunker’s (1985) work, a signifi -
cant contribution to viewing the North-South relationship in explicit systems-
theory terms, the social and physical-environmental aspects of the degradation 
of the periphery are virtually inseparable.

Th ese contributions can guide us towards a very important level of analysis, 
in the sense that they posit the existence of a close relationship between the two 
forms of degradation outlined in Figure 1, but they still leave unanswered ques-
tions about what that relationship is. In particular, Bunker’s model implicitly 
assumes the two forms of degradation to be necessarily positively related, but 
this would still need to be demonstrated.

We can indeed conceive of systemic mechanisms which seem to bind the two 
together in a mutually-reinforcing relationship. Since exchange is both an eco-
nomic category and a thermodynamic one, it may be possible to construct models 
encompassing both. Hornborg (2001) has provided an interesting illustration of 
how this could work, and in particular how it could continue or become intensi-
fi ed in a post-colonial context. In thermodynamic terms, the act of production 
is really one of depletion or lessening of order, because it converts exergy into 
entropy (cf. Wall 1993). But because manufacture fi ctionalizes this act as one of 
creation, the value attributed to the fi nished product is greater than that of the 
raw materials which went into it. Goods manufactured in the core (the North) 
can therefore be exchanged at high prices for raw materials exported from the 
South at lower prices, which in turn permits access to an increased quantity of 
resources to fuel the next circuit (Hornborg 2001). It is clear that this can be rep-
resented as a feedback loop, mediating the depletion of the physical environment 
through a North-South social relationship.

We could consider in a similar way another important category which spans 
thermodynamics and social relations: to wit, power. As Gale (1998) has pointed 
out, in both cases, power can be understood as a capacity to produce eff ects. Now, 
here too it is not diffi  cult to construct a model of a feedback loop. Socio-politi-
cal power confers control over resources (the source of thermodynamic power), 
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monetary/exchange relations; and the more this happens the less is available to 
degrade in the future. Th e entropy of the core is thus expressed in its expansion 
into the territory of its future room to develop. 

Let us look closer into the implications of this argument. In terms of the 
model set out in Figure 1, the milieu would be the region between the two ovals. 
Th e pro-capitalist defi nition of  ‘growth’ would see the core enlarging as the ben-
efi ts of capitalism spread, in proportion as the traditional milieu shrinks. Th is 
is logically consistent but totally at odds with reality: whatever peripheral areas, 
for example ‘Newly Industrializing Countries,’ may be admitted into the club of 
developed countries (if we accept at face value the most optimistic assumptions 
of mainstream development discourses), their contribution is surely outweighed 
by the increase of exclusion within their own borders, and indeed within those of 
the historic core. Th e radical perspective can respond to this fl aw in the simplistic 
‘growth’ model, because the notion of accumulation immediately supplies a more 
precise and convincing defi nition of  ‘growth’: the system requires to grow, in the 
sense of its expanded reproduction, simply in order to continue existing, without 
any assumption that the region which benefi ts from its order would expand. Th e core’s 
demands therefore grow, not only threatening to outstrip the physical environ-
ment’s ability to supply raw materials or absorb its wastes, but also imposing a 
certain ‘footprint’ which the social milieu cannot indefi nitely support. 

Th is makes sense of real events, but there is a logical problem in understand-
ing what happens to the region where the old order is destroyed, but seemingly 
not replaced by anything. In this context, it is interesting to consider the depen-
dency literature. 1970s dependency theory recognized the seminal importance 
of Luxemburg’s work (Frank 1979), while diluting this to a certain extent by 
considering the contribution of this external sphere to accumulation as being 
somewhat secondary (Frank 1978: chap. 7). Th is confl icted judgment refl ects a 
real problem, but does not necessarily answer it in the correct way. I would argue 
that the central merit of Luxemburg’s contribution is that she posed far more 
clearly than anyone else the notion of entropy—in the sense that each moment 
of development exhausts the capacity for future development. Th e dependency 
approach did not really grasp this fact, but on the other hand it made a crucial 
step forward by addressing the unanswered question, namely what replaces the 
old (traditional) order in the periphery: in eff ect, the answer is a depleted or ‘low’ 
order, which is an order, but not the same as that in the core. 

Let us seek a logical framework for interpreting this notion. In a mechanical 
reading of Luxemburg’s model, two assumptions would be made. Firstly, tradi-
tion would be a social equivalent of exergy, a fossil fuel laid down over millen-
nia. Th ere would be an ‘arrow of time,’ because for practical purposes tradition 
(equivalent to the image of a broken glass, often used to illustrate the progression 

towards greater entropy) could not reconstitute itself. Secondly, the boundary 
between the commodity economy and still-pristine tradition would be a ‘hard’ 
one. Social forms could exist in only one or the other state, not in an intermedi-
ate state. But neither of these assumptions is necessarily true. Empirically, such 
a realization can already be seen in the work of Paul Baran (1973 [1957]), which 
showed how elements of tradition, wrenched from their old self-reproducing 
systemic structure, become incorporated into a new kind of peripheral structure. 
Dependency theory went further with its concept of the articulation of modes 
of production within a complex social formation, which may include elements of 
diff erent modes of production under the auspices of a dominant mode (the capi-
talist monetary economy). Making a systems-theory reading of this notion, we 
can now understand that the social fuel includes not just tradition in some static 
sense but a whole ‘parallel’ economic structure, which is not merely depleted, but 
has faculties to reproduce itself.

It can be remarked that this order is established not just passively but rather, 
as we might expect in human systems, through an element of agency—more spe-
cifi cally of negotiation. As an illustration, we can highlight the aspect which is 
mediated through the international system. We can see in Dos Santos’ (1970) 
classic formulation of dependency that the periphery is somehow exploring its 
structural relationship to the centre, and this can be given graphic form in a 
model derived from South Korean dependency theory (Kim 1987) (Figure 2). 
If we translate this into systems terminology, we can understand some of the 
implications which dependency theory was unable to make explicit. ‘Backwash’ 
can be equated to the drain, the aspect which purely destroys order. Th e ‘pro-
gressive’ social forces (the entrepreneurial elites in the periphery) are seeking to 
negotiate the conditions of the depletion of their own social fuel (tradition) in 
such a way that a point  ‘p’ is attained where some order spreads, although still of 
a depleted type. Th is ongoing process of negotiation in turn builds order at an 
international-systems level. It creates a certain basis for stabilization, for the self-
perpetuation and self-regulation of core-periphery relations, but without remov-
ing the fundamental entropy.

Th is negotiation has to do with the transition from the order-destruction 
associated with colonialism, into the emergence of the postcolonial peripheral 
order. All of these elements—the low order described by Baran, the equilibrium 
point between core and periphery interests implied by Dos Santos’ model—are 
ways of forestalling the entropy which was posited in an unrealistically stark 
form in Luxemburg’s theory. 

We can go further, in saying that peripheral systems are not just self-repro-
ducing in a static sense, but can be arenas of new order-creation, i.e. emergence. 
We can formulate in the following way a conception towards which the depen-
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