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We live in a world populated 
by structures-a complex 
mixture of geological, biologi 
cal, social, and linguistic con
structions that are nothing but 
accumulations of materials 
shaped and hardened by his
tory. Immersed as we are in 
this mixture, we cannot help 
but interact in a variety of 
ways with the other historical 
constructions that su rrou nd 
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us, and in these interactions we generate 
novel combinations, some of which possess 
emergent properties. In turn , these syner· 
gistic combinations, whether of human origin 
or not, become the raw material for further 
mixtures. This is how the population of struc· 
tures inhabiting our planet has acquired its 
rich variety, as the entry of novel materials 
into the mix triggers wild proliferations of new 
forms. 

In the organic world, for instance, soft tis · 
sue (gels and aerosols, muscle and nerve) 
reigned supreme until 500 million years ago. 
At that point, some of the conglomerations of 
fleshy matter·energy that made up life under· 
went a sudden mineralization, and a new mate· 
rial for constructing living creatures emerged: 
bone. It is almost as if the mineral world that 
had served as a substratum for the emergence 
of biological creatures was reasserting itself, 
confirming that geology, far from having been 
left behind as a primitive stage of the earth 's 
evolution , fully coexisted with the soft, gelati· 
nous newcomers. Primitive bone, a stiff, cal· 
cified central rod that would later become the 
vertebral column, made new forms of move· 
ment control possible among animals, freeing 
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them from many constra ints and literally set· 
ting them into motion to conquer every avail · 
able ni che in the air, in water, and on land . 
And yet, while bone allowed the complexifi · 
cation of the animal phylum to which we, as 
vertebrates, belong, it never forgot its mineral 
origins: it is the living material that most eas· 
ily petrifies, that most readily crosses the 
threshold back into the world of rocks. For 
that reason , much of the geological record is 
written with fossil bone. 

The human endoskeleton was one of the 
many products of that ancient mineralization. 
Yet that is not the only geological infiltration 
that the human species has undergone. 
About eight thousand years ago, human pop· 
ulations began mineralizing again when they 
developed an urban exoskeleton: bricks of 
sun·dried clay became the building materials 
for their homes, which in turn surrounded 
and were surrounded by stone monuments 
and defensive walls. This exoskeleton served 
a purpose similar to its internal counterpart: 
to control the movement of human flesh in 
and out of a town 's walls. The urban exoskele· 
ton also regulated the motion of many other 
things: luxury objects, news, and food, for 
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example . In particular, the weekly markets that have always existed at 
the heart of most ci t ies and towns constituted veritable motors, peri
odically concentrating people and goods from near and faraway regions 
and then setting them into motion again, along a variety of trade 
ci rcuits.! 

Thus, the urban infrastructure may be said to perform, for tightly 
packed populations of humans, the same function of motion control 

that our bones do in relation to our fleshy parts. And, in both cases, 
adding mine rals to the mix resul ted in a fantastic combinatorial explo
sion, greatly increasing the variety of animal and cultural designs. We 
must be ca reful when drawing these analogies, however. In particular, we 
must avoid the error of comparing cities to organisms, especially when 
the metaphor is meant to imply (as it has in the past) that both exist in 
a state of internal equilibrium, or homeostasis. Rather, urban centers 
and living creatures must be seen as different dynamical systems operat
ing far from equilibrium, that is, traversed by more or less intense flows 
of matter-energy that provoke their unique metamorphoses.2 

Indeed, urban morphogenesis has depended, from its ancient begin
nings in the Fertile Crescent, on intensification of the consumption of 

nonhuman energy. The anthropologist Richard Newbold Adams, who 
sees social evolution as just another fo rm that the self-o rganization of 
energy may take, has pOinted out that the firs t such intensification was 
the cultivation of cereals.3 Since plants, via photosynthesis, simply con

vert solar energy into sugars, CUltivation increased the amount of solar 
energy that traversed human societies. When food production was 
further intensified, humanity crossed the bifurcation that gave rise to 

- urban structures. The elites that ruled those early cities in turn made 
other intensif ications possible- by developing large irrigation systems, 
for example-and urban centers mutated into their imperial form. It 
is important to emphasize, however, that cereal cultivation was only one 
of several possible ways of intensifying energy flow. As several anthro
pologists have pointed out, the emergence of cities may have followed 
alternative routes to intensification, as when the emergence of urban life 
in Pe ru fed off a reservoir of fish.4 What matters is not agriculture per 
se, but the great increase in the flow of matter·energy t hrough society, 
as well as the transformations in urban form that this intense flow 
makes possible. 

From this point of view cities arise from t he flow of matter-energy, but 
once a town's mineral infrastructure has emerged, it reacts to those 

flows, creating a new set of constraints t hat either intensifies or inhibits 
them. Needless to say, the walls , monumental buildings, streets, and 
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houses of a town would make a rather weak set of constraints if they 
operated on their own. Of course, they do not. Our historical exploration 
of urban dynamics must therefore include an analysis of the institutions 
that inhabit cities, whether the bureaucracies that run them or the mar
kets that animate them. Although these institutions are the product of 
collective human decision making, once in place they also react back on 
their human components to limit them and control them, or, on the con
trary, to set them in motion or accelerate their mutation. (Hence institu
tions constitute a set of emergent positive and negative constraints , but 

on a smaller scale.) 
The birth of Europe, around the eleventh century of our era, was made 

possible by a great agricultural intensification . As Lynn White, Jr., a histo
rian of medieval technology, has shown, in the centuries preceding the 
second millennium, "a series of innovations occurred which consolidated 
to form a remarkably efficient new way of exploiting the soil."5 These 
innovations (the heavy plow, new ways of harnessing the horse's muscu
lar energy, the open-field system, and triennial field rotation) were mutu
ally enhancing as well as interdependent , so that only when they fully 
meshed were their intensifying effects felt. The large increase in the flow 

of energy created by this web of technologies allowed for the reconstitu
tion of the European exoskeleton, the urban framework that had for the 
most part collapsed with the Roman Empire. Beginning around 1000 A.D., 
large populations of walled towns and forti f ied castles appeared in two 
great zones: in the south, along the Mediterranean coast, and in the 
north, along the coastlands lying between the trade waters of the North 

Sea and the Baltic. 
As city historians often point out, urbanization has always been a dis

continuous phenomenon. Bursts of rapid growth are folfowed by long per i
ods of stagnation.6 The wave of accelerated city building that occurred 
in Europe between the eleventh and thirteent h centuries is no exception. 
Many of the great towns in the north, such as Brussels and Antwerp, 
were born in this period, and the far older cities of Italy and the Rhine
land experienced enormous growth. This acceleration in urban develop
ment, however, would not be matched for another five hundred years, 
when a new intensification in the flow of energy-thiS time arising from 
the exploitation of fossil fuels-propelled another great spurt of city 
birth and growth in the 1800s. Interestingly, more than the proliferation 
of factory towns made possible by coal, the "tidal wave of medieval urban
ization"7 laid out the most enduring features of the European urban 

structure, features that would continue to influence the course of history 
well into the twentieth century. 
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There are two basic processes by which cities can emerge and grow. 
A town may develop spontaneously, acquiring its irregular shape by fol· 
lowing the topograph ical features of the landscape, or it may inherit 
its shape from t he distributio n of villages that have amalgamated to form 
it. Such was the case of medieval Venice, which accounts for its labyrin
thine streets. On the ot her hand, a city may be the result 01 conscious 
planning; a regular, symmetrical form may be imposed on its develop· 
ment, to facilitate orderly settlement. During t he deceleration that fol· 
lowed the year 1300, the relatively few new cities that were born were of 
the latter type, perhaps reflecting the increasing political centralization 
of the time. Versailles, with its grid of broad avenues converging at the 
center of power, is a perfect illustration . However, the difference between 
self·organized and planned cities is not primarily one of form, but of the 
decision-making proce~ses behind the genesis and subsequent develop
ment of that form. Tha: is, the crucial distinction is between centralized 
and decentralized decision making in urban development. There are 
towns t hat have been purposefully designed to mimic the "organic" form 
of curvilinear streets, and there are towns whose grid· patterned streets 
evolved spontaneously, due to some peculiarity of the environment. 
Furthermore, most cilies are mixtures of the two processes: 

If we were to scan several hundred city plans at random across the range 
of history, we would discover a more fundamental reason to question 

the usefulness of urban dichotomies based on geometry. We would find 
that the two primary versions of urban arrangement, the planned and 
the "organic", often exist side by side .... In Europe, new additions to the 
dense medieval cores of historic towns were always regular .... Most his· 
toric towns, and vir tually all those of metropolitan size, are puzzles of 
premeditated and spontaneous segments, variously interlocked or juxta· 
posed .... We can go beyond. The two kinds of urban form do not always 
stand in contiguous relationship. They metamorphose. The reworking of 
prior geometries over time leaves urban palimpsests where a once regular 
grid plan is feebly ensconced within a maze of cul·de·sacs and narrow 
winding streets.8 

The mineralization of humanity took forms that were the combined 
result of conscious manipulation of urban space by some central agency 
and of the activities of many individuals, without any central "decider." 
And yet, the two processes, and the forms they typically give rise to, 
remain distinct despite their coexistence and mutual transformations. 
On the one hand, the grid is "the best and quickest way to organize a 
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homogeneous population with a single social purpose ."9 On the other 
hand, whenever a heterogeneous group of people comes together spon
taneously, they tend to organize themselves in an interlocking urban 
pattern that interconnects them without homogenizing them. 

Even though from a strictly phYSical viewpOint accelerations in city 
building are the result of intensifications in the flow of energy, the actual 
form that a given town take s is determined by human decision making. 
A similar distinction between centralized and decentralized decision mak· 
ing must be made with respect to the social institutions that determine 
how energy flows through a city-that is, with respect to the city's "distri
bution systems."I!) On the one hand, there are bureaucracies, hierarchi· 
cal structures with conscious goals and overt control mechanisms. On 
the other, there are peasant and small·town markets, self-organized 
structures that arise spontaneously out of the activities of many individu
als, whose interests only partially overlap. (I have in mind here a place 
in a town where people gather every week, as opposed to markets in 
the modern sense: dispersed collections of consumers served by many 
middlemen.)U 

Bureaucracies have always arisen to effect a planned extraction of 
energy surpluses (taxes, tribute, rents, forced labor), and they expand 
in proportion to their ability to control and process those energy flows. 
Markets, in contrast, are born wherever a regu lar assembly of indepen
dent decision makers gathers, whether at church or at the border between 
two regions, presenting individuals with an opportunity to buy, sell, and 
barter. The distinction between these two types of energy distribution 
systems exactly parallels the one above, only on a smaller scale. One sys
tem sorts out human beings Into the internally homogeneous ranks of a 
bureaucracy. The other brings a heterogeneous collection of humans 
together in a market, where their complementary economic needs enmesh. 

Markets and bureaucracies are, however, more than just collective 
mechanisms for the allocation of material and energetiC resources. When 
people exchanged goods in a medieval market, not only resources 
changed hands but also rights of ownership, t hat is, the rights to use a 
given resource and to enjoy the benefits that may be derived from it.IZ 
Hence, market transactions involved the presence of collect ive institu
tional norms (such as codes of conduct and enforceable contracts). Simi· 
larly, medieval bureaucracies were not only organizations that controlled 
and redistr ibuted resources via centralized commands, they themselves 
were sets of mutually stabilizing institutional norms, a nexus of contracts 
and routines constituting an apparatus for collective action. The rules 
behind bureaucracies tended to be more formalized than the informal 
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conventions and codes of conduct behind markets, and more impor
tantly, they tended to become a "constitution," that is, a set of contracts 
defining a homogeneous, common enterprise not easily disaggregated 
into a set of heterogeneous bilateral contracts like those involved in mar

ket transactions,l] 
Markets and bureaucracies, as well as unplanned and planned cities, 

are concrete instances of a more general distinction: self-organized mesh

works of diverse elements, versus hierarchies of uniform elements, But 
again, meshworks and hierarchies not only coexist and intermingle, they 
constantly give rise to one another, For instance, as markets grow in size 
they tend to form commercial hierarchies, In medieval times this was 
true of the great fairs, such as the Champagne fa irs of the th irteenth cen
tury, which came to have as many participants as most towns had inhabi
tants: "If a fair is envisaged as a pyramid, the base consists of the many 
minor transactions in local goods, usually perishable and cheap, then 
one moves up to the luxury goods, expensive and transported from far 
away, At the very top of the pyramid came the active money market with
out which business could not be done at aU-or at any rate not at the 

same pace."I-
Thus, once markets grew past the size of local, weekly gatherings, they 

were ranked and organized from the top, giving rise to a hybrid form: 
a hierarchy of meshworks. The opposite hybrid, a meshwork of hierar

chies, may be illustrated by the system of power In the Middle Ages. Urban 

bureaucracies were but one of a number of centralized institutions that 
coexisted in the Middle Ages. Royal courts, landed aristocracies, and 
ecclesiastical hierarchies all entered into complex, uneasy mixtures. There 
was never a "super-elite" capable of globally regulating the mix, so local 
constraints (shifting alliances, truces, legal debates) worked alongside 
formal procedures in generating stability. If we add to this the fact that 
the state and the church in the West arose from heterogeneous origins 
(unlike China or Islam where all these hierarchical structures had emerged 
within a homogeneous cultural tradition), the system of power in the early 
part of this millennium was a true mesh of hierarchical organization s.l~ 

Meshworks and hierarchies need to be viewed not only as capable of 
giving rise to these complex hybrids but also as in constant interaction with 
one another. Primitive bureaucracies had evolved in the Middle Ages to 
regulate certain aspects of market life (for instance, to arbitrate disputes 
between markets when their catchment areas overlapped), or to provide 
security for the big fairs. However, we must not imagine that the mere 
existence of a command hierarchy meant that the global rules of a 
bureaucracy could in practice be enforced. In medieval times, the norms 
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that governed economic life-the norms that guaranteed that contracts 
would be honored or that measures, weights, and currencies would 
remain stable- were for the most part not global, but based on self
defen se, retaliation, and other local controls. As one historian has put It. 
the enforcement of economic norms in the Middle Ages was a combina
tion of centralized decision making and a "self-regulating mechanism 
compounded by a balance of terror and a lively sense of mutual advan
tage felt by all members of the international community."l!; 

The large populations of towns and cities that emerged in Europe after 
the year 1000 may be classified by their relative proportions of meshwork 
and hierarchical components. By far the majority of settlements were 

small towns, with more market than command ingred ients in their mix. 
Over half of all European urban dwellers lived in those local market centers, 
even though each town had fewer than two thousand residents. Then 
came intermed iate-sized towns (fewer than ten thousand inhabitants), 

which began adding local and regional administrative functions and, hence, 
a higher proportion of command components. Control of roads and super
vision of travelers, two centralized functions absent from small towns, 
were already practiced here. A wider variety of institutional forms Inhab
ited those larger settlements: cou rts, jails, hospitals, religious founda
tions. But as complexity increased, so did rar ity; while there were about 
3,000 small towns in northern Europe, there were only 220 of intermediate 
sizeY Denser urban concentrations were even rarer, but for the same 
reason sustained a wider range of functions: 

Cities with more than 10,000 residents stood out in Medieval Europe, 
except In northern Italy and Flanders where the spread of cloth production 
and the increase in trade permitted relatively intense urbanization. Else
where, large Size was correlated with complex administrative, religious, 
educational, and economic functions. Many of the big towns-for example. 
Barcelona, Cologne or Prague-supported universities as well as a wide 
variety 01 religious institutions. Their economies were diversified and 
included a wide range of artisans and service workers .... The large cities 
of 1330 owed their size to the multiplicity of their functions .... The same 
point can be made about the few urban giants of the Middle Ages. Paris, 
Milan, Venice, and Florence were commercial and manufacturing cities, and 
also political capitals.18 

This multiplicity of urban centers, internally differentiated by size and 
complexity, can be compared to other populations of towns that emerged 
elsewhere. Urban ization explosions had occurred in Islam and China at 
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least two centuries before those in Europe. But in those two regions, cities 
and towns had to compete with a larger sociopolitical entity that emerged 
only later in the West: the central state . While Islam in the early part of 
the millennium had some towns (C6rdova, Ceuta) similar to those in the 
West, huge towns, such as Baghdad or Cairo, that housed royal hierarchies 
were the rule there. l9 China, too, showed a greater percentage of towns 
subjected to a central authority than autonomous towns defined by the 
movement of people and goods through their walls. William McNeill is one 
of several historians who think that one of the reasons for the West's 
eventual domination of the millennium lies in the different mixtures of 
centralized and decentralized decision making in its towns: 

The fact that China remained united politically from Sung to modern times 
... is evidence of the increased power government personnel wielded. Dis
crepancies between the ideas of the marketplace and those of government 
were real enough: but as long as officials could bring overriding police power 
whenever they were locally or privately defied, the command element in the 
mix remained securely dominant.". For this reason the autocatalytic char
acter that European commercial and industrial expansion exhibited between 
the eleventh and the nineteenth century never got started in China.20 

In short, McNeill's hypothesis is that explosive, self-stimulating ("auto· 
catalytic") urban dynamics cannot emerge when hierarchical components 
overwhelm meshwork components. Fernand Braudel seems to agree with 

this hypothesis when he asserts the existence of a "dynamic pattern of 
turbulent urban evolution in the West, while the pattern of life in cities in 
the rest of the world runs in a long, straight and unbroken line across 
time."21 One example of the nonlinear, runaway nature of autocatalytic 
dynamics in many medieval Western towns is the sequence of intensifica· 
tions of energy flow that propelled urban growth, First came an agricul. 
tural intensification causing massive increases in population and 
therefore giving birth to many cities. Then, as in ancient times, the inter
action of these urban centers further intensified energy consumption, 
One of these intensifications was achieved by harnessing the energy of 
running water to power grain mills and trip-hammers in forges and to 
facilitate the lulling of cloth, This was, without exaggeration, an eleventh
century industrial revolution, fueled by solar (agricultural) and gravita· 

tional (water) energy, 22 
In addition to raw energy, the turbulent dynamics to which both McNeill 

and Braudel refer were associated with the intensification of another flow: 
the flow of money. Howard Odum, a systems ecologist, has developed a 
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theory of money that, though perhaps too simple, offers a useful image 
here. Money, Odum says, is like energy, only it runs in the opposite direc
tion: energy flows from agricultural villages to the towns they feed, while 
money ftows from town to countryside, to pay for the food, "The ftow of 
energy makes possible the circulation of money [including the energy spent 
on paperwork, banking, clOSing deals] and the manipulation of money 
can control the flow of energy."2l To apply Odum's schema to medieval 

life we need to bring our mixtures of market and command ingredients 
to bear. Contrary to what may be supposed, monetary systems are of 
not commercial but political origin. SpeCifically, they were developed by 
central hierarchies to facilitate the extraction of agricultural surpluses 
and the raising of taxes.24 In the early part of the millennium, feudal land· 
lords extracted this excess energy, and in many cases peasants would 
come to a market town to sell their goods, not to buy other goods, but to 
get cash to pay their rent to the owners of their land.2~ With that qualifica
tion, Odum's idea is useful: monetary flows regulate (inhibit or intensify) 
energy flows, particularly when the flow of money escapes total control by 
the state, 

Money is best defined as a catalyst or stimulant of trade (and its 
absence, an Inhibitor). Barter, the exchange of goods for goods, is rela
tively inefficient in that people must wait for their complementary needs 
to meet. The occasions when one person has exactly the good that the 
other needs, and vice versa. are exceedingly rare, But any good that is 
highly desirable and can easily be put back into circulation can play the 
role of money: blocks of salt. cowry shells, coral, ivory-even cigarettes 
in modern prisons.26 Anyone of a number of widely desired goods can 
spontaneously become money simply by being able to flow faster and 
more easily, And once such self-organized money comes into existence, 
complementary demands can be meshed together at a distance, greatly 
increasing the IntenSity of market exchanges. Frequently coexisting with 
this spontaneous money are monetary systems, with their hierarchy of 
homogeneous metal coins of different denominations, a system that is 
not self-organized but planned and implemented by an elite . Planned 

money, since its Inception in ancient Egypt. has used metals as its physi
cal vehicle because they can be weighed and measured, uniformly cut, 
and standardized, 27 

Whenever these two types of money-the planned and the spontaneous 
-came into contact, standardized money would inevitably win, causing 
devaluation of the other. increases in its reserves, and catastrophic infla
tion. This situation would arise time and again over the centuries, particu
larly when Europe began colonizing the world. However, in the first few 
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centuries of the millennium the situation was reversed: early Europe 
was, in a manner of speaking, a colony of Islam, an empire that not only 

had a more advanced monetary system, but also had invented many 
of the instruments of credit (from bills 01 exchange to promissory notes 
and checks). As Braudel says, "If Europe finally perfected its money, it 
was because it had to overthrow the domination of the Muslim world."28 
Venice, Florence, Genoa, and other large medieval cities started coining 
their own copper, silver, and gold money, and the volume of European 
trade began to rise. From then on, this new f low, catalyzing and control
ling the flow of energy, never ceased accelerating the pace of European 
history. The flow of money could itself be intensified, either by increas
ing the exploitation of mines, and hence the reservoir of metal, or by 
speeding up its circulation. These two intensifications, of the volume and 
velocity of money, affected each other, since "as precious metals became 
more plentiful coins passed more quickly from hand to hand."29 

These intense flows of energy and monetary catalysts fueled the great 
urban acceleration in medieval Europe and kept the towns that made up 
Europe's great exoskeleton In a tUrbulent dynamical state. Although large 
accumulations of money created new commercial hierarchies, the net 
resul t was a decrease in the power of central states and a concomitant 
increase in the autonomy of cities. The intensity of the flows themselves, 
and not any special feature of the "European psyche" (calculating ratio
nality, say, or a spirit of thrift), is what kept the mixture of market and 

command components in the right proportions to foster autocatalytic 
dynamics. JO One more element must be added to this explanation, how· 
ever, but this will involve going beyond a conception of markets (and 
bureaucracies) as allocation mechanisms for scarce resources. 

This point might be clarified by applying certain ideas recently devel
oped by the neoinstitutionalist economist Douglas North. As we noted 
above, not only resources change hands in the marketplace but also 
property rights; hence the market facilitates simple exchanges as well as 
potentially complex transactions. The latter involves a host of "hidden" 
costs ranging from the energy and skill needed to ascertain the quality 
of a product, to the drawing of sales and employment contracts, to the 
enforcement of those contracts. In small medieval markets these "trans
action costs" were minimal, and so were their enforcement mechanisms: 
threats of mutual retaliation, ostracism, codes of conduct, and other 
informal constraints sufficed to allow for the more or less smooth func· 
tioning of a market. But as the volume and scale of trade intensified (or 
as its characte r changed, as in the case of foreign, long·distance trade), 
new institutional norms and organizations were needed to regulate the 
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flow of resources, ranging from standardized weights and measures 
to the use of notarial records as evidence in merchant law courts or state 
courts. North's main point is that, as medieval markets grew and com· 
plexified, their transaction costs increased accordingly: without a set of 
institutional norms and organizations to keep those costs down, the 
turbulent intensification of trade in the West would have come to a halt. 
Economies of scale in trade and low·cost enforceability of contracts 
were, according to North, mutually stimulating.l ! 

Many institutional norms emerged in an unplanned way-those related 
to common law or to informal codes of conduct, for example-and slowly 
"sedimented" within towns in the Middle Ages. Others, such as printed 
lists of prices or maritime insurance schemes, were deliberately intro
duced to reduce transaction costs by improving the flow of market infor· 
mation or by spreading the risks of large investments. Those cities 

engaging in types of trade with particularly high transaction costs, such 
as long-distance trade, seem to have been the incubators of many institu
tional innovations. As these "cultural materials" (informal constraints, 
formal rules, enforcement procedures) acting as trade catalysts accumu· 
lated, they began to diffuse through the urban environment. As North 
observes, "Merchants carried with them in long·distance trade codes of 
conduct, so that Pisan laws passed into the sea codes of Marseilles, Oleron 
and LObeck gave laws to the north of Europe, Barcelona to the south of 
Europe, and from Italy came the legal prinCiple of insurance and bills of 
exchange,"12 

One difference between the neoinstitutionailst approach and the one 
I am trying to sketch here is this: beyond the level of the indivIdual orga
nization, the neoinstitutionalist does not seem to envision yet another 
emergent larger·scale entity but simply refers to "society" or "the polity" 
as a whole. This, however, runs the risk of introdUCing too much homo
geneity into our models and of suggesting that human societies form a 
"totality," that Is, an entity on a higher ontological plane than individual 
institutions and individual human beings. By contrast, speaking of con
crete cities (instead of "society" in the abstract) enables us to include in 
our models historically emergent wholes that do not form totalities but 
simply larger-scale individual entities. It also reduces the danger of taking 
too much social uniformity for granted. Individual cities (and nation 
states) are easier to visualize as encompassing a variety of communities 
within their borders, and i1, as a matter of empirical fact, a given city (or 
nation·state) displays a high degree of cul tural homogeneity, this itself 
becomes something to be modeled as the result of concrete historical 
processes, We have already seen that, depending on the mixture of cen· 
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tralized and decentralized decision making behind a ci ty's birth and 
growth, we can expect different degrees of uniformity and diversity in its 
infrastructurallayout. To this it must be added that, depending on the 
role thai a city plays in the larger urban context in which it functions. 
the "cultural materials" that accumulate within it will exhibit different 
degrees of homogeneity and heterogeneity. Specifically, a city may play 
the role of political capital for a given region and encourage a certain 
degree of uniformity in its own culture and in that of the smaller towns 
under its command. On the contrary, a city may act as a gateway to for
eign cultures, promoting the entry and diffusion of heterogeneous materi
als that increase its diversity and that of the cities in close contact with 
it. In either case, viewing cities as individuals allows us to study the inter
actions between them and the emergent wholes that may result from 

those interactions. 
That groups of cities may form hierarchical structures is a well-known 

fact at least since the 1930s, when the term "Central Place" system 
was introduced to refer to pyramids of urban centers. More recently, 
urban historians Paul Hohenberg and Lynn Hollen Lees have suggested 
that in addition to hierarchical structures, cities in Europe also formed 
a meshwork-like assemblage, which they refer to as the "Network Sys
tem." Lei's examine some of the defining traits of these two types of city 
assemblages, beginning with the Central Place system, exemplified in 
the Middle Ages by the hierarchies of towns that formed under strong 

regional capitals such as Paris, Prague, and Milan. As we saw before, t he 
population of towns in medieval Europe was divided by the size and com
plexity of its individual units. This distribution of sizes was not accidental 
but directly related to the links and connections between settlements. 
Much as small towns offered the surrounding countryside a variety of 
commercial, administrative, and religious services, the towns themselves 
looked to the more diversified larger cities for services that were unavail
able locally, This created pyramids of towns organized around hierarchical 
levels of complexity. The distribution in space of t hese hierarchical sys
tems was directly tied to geographical distance, since the residents of a 
town would only travel so far in search of a desired service. A number of 
such pyramidal structures arose In the Middle Ages, each organizing a 
broad, more or less clearly defined region . Generally, the flows of traded 
goods that ci rculated up and down these hierarchies consisted of bask 
necessities, such as food and manufactured products. 

In contradistinction, the circulation of luxury items or iginated some
where else. l ong-distance trade, which has since Antiquity dealt with pres· 
tige goods, is the province of cities outside the Central Place system, 
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cities that act as gateways to faraway trading circuits. as well as nodes 
in a network not directly constrained by distance. For example, many 
European gateway cities were maritime ports, connected (more than sep
arated) by the Mediterranean and the Baltk and North Seas.J3 These 
urban centers formed, according to Hohenberg and Lees. a Network 

system: 

The Network System, with quite different properties. complements the Cen
tral Place System. Instead 01 a hierarchical nesting of similar centers, dis· 
tinguished mainly by the number and rarity of services offered, it presents 
an ordering of functionally complementary cities and urban settlements. 
The key systemic property of a city is nodality rather than centrality .. 
Since network cities easily exercise control at a distance, the influence of a 
town has little to do with propinquity and even less with formal command 
over terr itory. The spatial features of the Network System are largely invisi
ble on a conventional map: trade routes, junctions, gateways, oulposts.304 

Instead of a hierarchy of towns, long-distance trading centers formed a 
meshwork, an interlocking system of complementary economic functions. 
This is not to imply, however, that all the nodes in the meshwork were of 
equal importance_ Certain economic functions (especially those giving 
rise to innovations) formed a privileged core within a given network, while 
others (e.g .. routine production tasks) characterized its peripheral zones. 

Yet, t he core of t he Network system differed from the acme of the Central 
Place pyramid. In particular, the influence of a network's main city was 
more precarious than that of the Central Place, whose dominance tended 
to be stable. Core ci ties tended to replace one another in this role, as the 
intensity of exchange in a given trade route var ied over time, or as erst
while luxury goods (pepper, sugar) became everyday necessities: "Since 
[these] cities are links in a network, often neither the source nor the ulti
mate destination of goods, they are in some measure interchangeable as 
are the routes themselveS."35 Roughly, the sequence of cores was (from 
the fourteenth to the twentieth centuries) Venice, Antwerp, Genoa, Ams
terdam. London, New York.36 The two systems coexisted, with Central 
Place towns usually belonging to the middle zone (or semiperiphery) of 
the Network system,31 

One very important feature of Central Place and Network systems is 
the type of cultural structures they give rise to. As with many other struc
tures, the raw materials (in this case, cultural habits and norms) need to 
accumulate slowly and then consolidate, as more or less permanent links 
are established among them. Hierarchical construct ions tend to undergo 
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a homogenization before their materials harden into a pyramid, white 
meshworks articulate heterogeneous elements, inter locking them without 

Imposing unifo rmity: 

On one level, the Central Place System serves a homogeneous people well 
settled in its historical lands. The national capital distills and formalizes 
the common folk culture and reinjects the civilized product back into local 
life .... [This contrasts] with the rootless cosmopoli tanism of the Network 
System, with ils sharp cultural discontinuities between city and country and 
between core and periphery .... Core values and techniques are superim· 
posed on a tradi tional periphery with no attempt at integration or gradual 

synlhesis.38 

Even before the advent of national capitals, the dominant cities of Cen
tral Place hierarchies pe rformed their homogenizations at the regional 
level, transforming local cultures into "great traditions," as they engaged 
in book printing and publishing as well as schooling. Gateway cities, on 
the other hand, helped diffuse heterogeneous elements from alien cul
tures, as when medieval Venice introduced into Europe products, technol
ogy, and architecture from the East. later on, the cities of the Network 
system would propagate t he ideas of humanism, enlightenment, and radi
cal thought , while giving refuge to persecuted thinkers and publishing 
forbidden books,l'l The circulation and processing of "cultural materials" 

through these two different systems of ci ties are as important in the long 
run as the mind-sets of the inhabitants of t he towns themselves. The lat
ter are, of course, an active element in the mix, to the extent that psycho
logical structures, once they have come into being, affect the dynamics 
of decisio n making and hence the flows of energy and money, knowledge 
and ideas. But what is crucial to emphasize here is that the entire process 
does not emanate from some essence housed within people's heads, 
particularly not any reified essence such as "rationality." 

In the original version of Central Place theory, created by Walter 
Christalle r in the early 1930s, the human capacity for making maximally 
efficient decisions (what is now called "optim izing rationality") was taken 

for granted. The model of Ch ristaller also assumed a frictionless world, 
where geography lacked irregulari t ies, wealth and power were distributed 
evenly, and the levels of demand for city services, as well as the distances 
people would be willing to travel to get them, remained fi xed. In this linear 
world, particular spatial d istributions of cities of different rank resulted , 
as the different centers arranged themselves to minimize travel time for 
a given service, thus optimizing their collective benef it. or ut ility.40 In non· 
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linear dynamical models of city development, such as those created by 
Peter Allen and Dimitrios Dendrinos, urban patterns do not resu lt from 
some global optimizer (such as superrational human decision makers 
minimi:zing transportation costs) but from a dynamics of cooperation and 
conflict among cities, involving growth and decay of centers. In these 
models, urban settlements grow by attracting population from surround
ing rural areas, with job availability and income acting as incentives to 
immigration while congestion and pollution act as disincentives. Although 
in principle seve ral cities could sha re these human resou rces more or 
less evenly, the models show a strong tendency for some urban centers 
to grow at the expense of others and for large centers to inhibit the 
growth of similarly scaled towns in t heir vicinity. Moreover, the emergence 
of stable patterns of coexisting centers seems related to a decrease in 
the strength and number of direct interactions among towns: too much 
connectivity (as when every city in the model interacts wit h every other 
one) leads to unstable patterns, while decreased connectivity within a 
hierarchy of towns (that is, fewer interactions between ra nks than within 
a given rank) leads to stabi lity.41 

Cont emporary studies in nonlinear urban dynamics teach us that, in 
many cases, friction (delays, bottlenecks, conflict , uneven distribution of 
resou rces) plays a crucial role in generating self·organization. Hence, 
elim inating it from ou r models (by postulating an optimizing rationality, 
for instance) automatically eliminates the possibility of capturing any real 

dynamical effect. This insiQ:ht is even more important when we consider 
the dynamics of the inst itutions that channel the flow of energy through 
cities: markets and bureaucracies. The classical pictUre of the market, 
Adam Smith's "invisible hand" model, is just like Christaller's model of 
urban patterns. It operates in a world completely devoid of friction, where 
monopolies do not exist and agents are endowed with perfect foreSight 
and have access to costless and unlimited information. Smith's model (or 
more exactly, its implementation in neoclassical economics) also gener
ates patterns that maximize the benefits to SOciety as a whole, that is, 
patterns in which supply and demand interact so as to reach optimal 
equili brium, precluding wasteful excesses or deficits. This type of market 

dynamics is, of course, a fiction. And yet t his picture of a "rational" free
market dynamics emanating from the interaction of selfish agents reach
ing opt imal conclusions about alternative uses of scarce resources is st ill 
at the core of modern linear economics. 

Nonlinear approaches to market dynamics, in contrast, emphasize the 
role of uncertainty in decision making and the inherent costs of informa· 
tion gathering. Imperfect knowledge , incomplete assessment of feed-
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back, limited memory and recall, as well as poor problem-solving skills 
result in a form of rationality that attains not optimal decisions but more 
or less satisfactory compromises between conflicting constraints.42 This 
"satisficing" or "bounded" rationality, proceeds in many cases by rules 
of thumb and other adaptive behavioral patterns. This does not preclude 
some coherence among an agent's expectations, needs, and actions, but 
it does call for a dynamic explanation of the formation of adequate beliefs, 
as opposed to simply assuming static forms of rationality. Moreover, it 
emphasizes that the responses of economic agents in the marketplace 

are not uniform, that some agents will act more coherently than others, 
and that the adequacy of thei r decisions will vary from time to time_43 

A nonlinear model of market dynamics differs greatly from Adam 
Smith's. In particular, instead of a single, static equilibrium toward which 
markets are supposed to gravitate, the nonlinear model allows for multi
ple dynamical forms of stability. For example, markets may get caught in 
cyclical equilibriums that force them to undergo successive periods of 
growth and decay. Hence markets may be both self-regulating and non
optimaL44 These issues are all the more important when considering 
medieval markets, which had to cope not only with the effects of imper
fect foresight, but with a multiplicity of othe r nonlinearities: agrarian hier
archies exacting a portion of production, taking it out of circulation; 
craftsmen selling their products speculat ively; money supply affecting 
prices; and so on. Nonetheless, by the twelfth century, prices throughout 

Europe fluctuated in unison, and this is what above all characterizes a 
self-regulating market economy.45 This collective oscillation, this massive 
rhythmical breathing across the cities that made up the Central Place 
and Network systems, can now be captured through the use of nonlinear 
models, where the impediments created by bounded rationality playa 

constructive role.46 
One may think that the suboptimal compromises to which medieval 

markets were condemned derived from the decentralized nature of their 
decision·making processes. But a similar conclusion may be reached vis
a-vis centralized bureaucracies. even though their formalized plans and 
well·defined goals would seem to be products of an optimizing rationality. 
But here, too, decision making takes place in a world full of uncertainties. 
Any actual system of information processing, planning, and control will 

never be optimal but merely practical, applying rote responses to recur
rent problems and employing a variety of contingency tactics to deal with 
unforeseen events. Some of the flows of matter and energy in and out of 
cities-flows that medieval hiera rchies were supposed to regulate
received more attention while others were overlooked and mismanaged. 
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For instance, by the thirteenth century London had already generated a 
specialized bureaucracy for handling the flow of water into the city; but 
management of the flow of waste out of the city did not come about until 
the nineteenth centu ry, even though the English capital had had recur
rent sewage crises since the 1370s. It was not until the river Thames's 
capacity to transport waste reached its limits. causing an odor that made 
parliamentary sessions impossible to conduct. that the problem was con
fronted. Before that, the approach to sewage management had been 
reactive, unplanned, and piecemeal-hardly optimal .47 

Thus, to understand the role of decision making in the creation of social 
order, we need to concentrate not so much on the more or less rational 
character of individual decisions, but on the dynamics (centralized or 
decentralized) among many interacting decision makers. The hierarchies 
and meshworks that develop from these interactions (particular bureau· 
cracies. individual markets) in turn become elements of other homoge
neous and heterogeneous structures (capitals or gateways), which in turn 
go on to form Central Place and Network systems. At each level, different 
nonlinear dynamics take place, with their own multiple equilibriums and 
bifurcations between alternative stable states. Hence, individual decision 
making, while important, is simply one element in the mix, interacting 
and influencing dynamics on only one of a number of scales.48 

But even at the individual level, what matters is not any particular psy
chological structure (rationality) so much as problem-solving skills, rules 

of thumb, and routine procedures, that is. "cultural materials" that can 
accumUlate over time within a town's walls. Indeed, many preindustrial 
cities may be seen as large reservoirs of skills and routines. Those cities 
recruited from the countryside artisans possessing the most varied abili
ties and trades, and they were constantly struggling to steal this valuable 
"human capital" away from each other. To maintain and increase their 
reservoirs, towns attracted a f low of craftsmen, as well as a variety of pro
fessionals. who brought with them skills and procedures that could now 
be taught to others or imitated, and hence added to the existing stock. As 
these cultural materials accumulated, they mixed in various ways, form
ing novel meshworks and hierarchies. 

On one hand, the ruling elites of many towns created, between the 
twelfth and the fifteenth centuries, the guild system, through which they 

organized all craft activity within the city. Each guild brought together the 
skills that formed a given trade, and homogenized the means of their 
transmission by regulating training methods and certification p rocedures. 
As skills accumulated and began interacting with one another, trades 
began to diversify and multiply: "In Nuremberg . . . the metal working 
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guilds ... had divided, as early as the thirteenth century, into several 
dozen Independent professions and trades. The same process occurred 
in Ghent, Strasbourg, Frankfurt and Florence, where the woolen industry, 
as elsewhere, became a collection of trades. In fact it would be true to 
say that the boom of the thirteenth century arose out of this newly cre
ated division of labor as it proliferated."·9 On the other hand, as special
ties multiplied so did the interactions between individual trades, and 
this gave rise to meshworks of small producers, "symbiotic collections of 
little enterprises," as the urbanist Jane Jacobs has called them_SO 

While the big gateway cities at the core of the Network system, as well 
as those at the top of Central Place pyramids, gave rise to elaborate hier
archies of guilds and ever more rigid regulations, towns inhabiting the 
middle zone (that is, not too small to be condemned to remain a supply 
region for the core), engaged in what Jacobs calls "import-substitution 
dynamics," Instead of simply exchanging raw materials for manufactured 
goods from the big cities, the artisans of these towns developed the 
skills necessary to slowly replace those imports with local production. 
These new, less regulated skills, in turn, began forming meshworks, as 
they interlocked with one another in functional complementarity.51 

The market dynamics of these middle-zone towns were self·stimulating 

because the money saved by replacing some imports could be spent on 
new imports, which in turn generated a new round of substitutions. As 
Jacobs puts it, these small medieval towns, and their small producers, 

"were forever producing new exports for one another-bells, dyes, buck
les, parchment, lace, needles, painted cabinet work, ceramics, brushes, 
cutlery, paper, sieves and needles, sweetmeats, elixirs, files, pitchforks, 
sextants-replacing them with local production, becoming customers for 
still more innovations."52 Jacobs describes the autocatalytic dynamics 
that produced these humble goods as evolving through b ifurcations, as a 
critical mass of potentially replaceable imports accumulated within a 
town, giving rise to a new explosive episode of import replacement. The 
innovations that came out of this process did not have to be glamorous 
or highly visible; what mattered was the generation of new skills and the 

consequent complexification of the meshwork. 
Computer simulations of economic meshwork dynamics have shown 

that. at a certain critical level of complexity, a kind of "industrial takeoff" 
occurs in the interlocked system of functions constituting the mesh
work.53 Jacobs has gathered evidence indicating that this is indeed the 
way in which the economy of Europe took off at the turn of the first 
millennium. At the time, Constantinople was at the top of the urban hier
archy, and Venice (which by the fourteenth century was the metropOliS at 
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the core of the Network system) was one 01 its humble supply zones. The 
Venetians sold timber and salt to the capital. in exchange for manufac
tured productS. In the eleventh century. however, the economy of Venice 
began to grow ekplosively, as a meshwork of small producers began sub
stituting locally manufactured goods for those previously imported from 
Constantinople. Since the local goods were necessarily rough and primitive 
by the standards of the capital, Venice could only trade its new surplus 
products with other backward cities. (Thus, this type of autocatalysis 
involves not single cities but teams of cities.) In this way, the economy of 
Venice took off and propelled the city to a position as dominant center. 
Because the smaller towns thaI now imported Venetian products were 
also reservoirs of flexible skills, they eventually created their own import
substitut ion meshworks. Such was the case of Antwerp, which began as 
a Venetian supply region for wool; by the fifteenth century it too had 
become a core 01 the Network. London had to wait until the nineteenth 
century before becoming the Network core, but since the Middle Ages it 
had been substituting Imported leather goods from COrdova, to sell to 
other backward cities.S. 

This kind of volatile trade among small towns should be added to our 
list of autocatalytiC processes animating medieval Europe. Large towns, 
on the other hand, gave rise to a different type of turbulent dynamics, 
based on luxury goods (instead of everyday items) involving big firms 
(instead of small producers), and on strategies that did not rely on the 

ekistence of heterogeneous skills. As Braudel says, the proliferation of 
new trades, and the resultant mlcrospecializations, always characterized 
the bottom layers of the trade hierarchy. Big business in the Middle Ages. 
and for centuries afterward, had its own dynamics, which ran in the 
ekact opposite direction: "Even a shopkeeper who made his fortune, and 
became a merchant, Immediately moved out of specialization into non
specialization ... obeying the rules of trade at its upper levels. To become 
and above all to remain a wholesaler meant having not only the right but 
the duty to handle, if not everything, at any rate as much as possible."55 

The advantage that nonspecializalion gave to these early capitalists 
was freedom of motion, which allowed them to handle any flow of goods 
that became highly profitable, and to move in and out of flows as their 
profitability changed. This freedom of choice has characterized capitalism 
throughout the millennium. The merchants and financiers (and later 
industrialists) who inhabited the upper levels of the trade hierarchy never 
invaded low-profit zones. With the exclusion of cash crops for the IUkury 
market, food production and processing were left untouched until the 
seventeenth century. The same is true of transportation, until the rail-
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roads, and of the construction industry, until our century (if we exclude 
factories and public buildings). If we add to this the retailing of goods, we 
may conclude that none of the flows of energy and matter that are indis
pensable for an urban center were penetrated by large commercial hier
archies (and their centralized decision making) until relatively recently. 

Even in this age of huge multinational corporations, the command 
element in the commercial mixture is far from 100 percent. The econo
mist John Kenneth Galbraith. who sharply differentiates between sponta
neous economic activity (markets) and planned economic processes 
(big business), calculates that today roughly half of the Western economy 
has been taken over by capitalist hierarchies. The other half comprises 
the low-profit regions, which these hierarchies willingly abandon to the 

market. According to Galbraith, what gives capitalism this freedom of 
motion is economy of scale, which is why since the Middle Ages commer· 
cial capitalism has been associated with wholesale and not retail. A large 
firm is better able to absorb shocks and fluctuations and create the plans 
and strategies that may win it a degree of independence from market 
forces, indeed the ability to control and manipulate those forces to a cer

tain degree. 
Such considerations led Braudel to the startling conclusion that "we 

should not be too quick to assume that capitalism embraces the whole 
of western SOciety, that it accounts for every stitch in the social fabric ... 
that our societies are organized from top to bottom in a 'capitalist sys
tem.' On the contrary ... there is a dialectic still very much alive between 
capitalism on one hand, and its antithesis, the 'non-capitalism' of the 
lower level on the other."S6 And he adds that, indeed, capitalism was car
ried upward and onward on the shoulders of small shops and "the enor
mous creative powers of the market. of the lower story of exchange .. . . 
[This] lowest level, not being paralysed by the size of its plant or organi
zation, is the one readiest to adapt; it is the seedbed of inspiration, 
improvisation and even innovation, although its most brilliant discoveries 
sooner or later fall into the hands of the holders of capital. It was not the 
capitalists who brought about the first cotton revolution ; all the new ideas 
came from enterprising small businesses."57 

There is a misconception, widely shared by economists and philoso
phers on either side of the political spectrum, that capitalism developed 
in several stages. being at first competitive and subservient to market 
forces and only later. in the twentieth century, becoming monopolistic. 
However, starting in the thirteenth century, capitalists engaged in various 

noncompetitive practices, in order to create the large accumulations of 

money that have always characterized the upper levels of the trade 
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pyramid. As we discussed, the early medieval fa irs, the meeting pOints 

of rich merchants from all over Europe, were veritable hierarchies of 
meshworks, in which the luxury and money markets dominated the 
upper echelons. Neither in the long·distance trade of prestige goods nor 
in the worlds of precious metals and credit did supply and demand reign 
supreme. On the contrary, most fortunes in these areas were made by 
the manipulation of these market forces through a variety of noncom
petitive practices. There was, of course. intense competition among rich 
merchants and families, much as today large corporations compete with 
one another, but these rivalries among oligopolies are fundamentally 
different from the kind of "anonymous competition" in which small pro
ducers and traders engage.sa 

From the Middle Ages to the nineteenth century, not only did ind ivid~ 

ual businesses engage in monopolistic practices. entire cities did too, 
even groups of cities. By means of noncompetitive practices, a town 
could greatly aid its merchants and financiers, protecting them from for
eign rivals. and stimulating the accumUlation of money within its walls. 
The medieval cities that controlled the Mediterranean and the Baltic and 
North Seas financed much of their growth from manipulation of markets 
and by acquiring exclusive control of certain ftows, such as spices and 

silks from the Levant in the case of Venice, or salt in the case of LObeck. 
With a monopoly on luxury goods. won and maintained by military force, 
fourteenth-century Venice dominated the cities around it, not only the 

small towns constituting its supply regions but other giant towns, such as 
Florence and Milan. In the north, between the thirteenth and fifteenth 
centuries, cities like LQbeck and Bruges formed a meshwork of cities known 
as the Hanseatic League, which was capable of collective action without a 
centralized organization behind it. The league also engaged in monopolis· 
tic practices to trap the towns within its zone of economic influence in a 
web of supervision and dependence. 59 

We will return shortly to other forms of market manipulation which , 
according to Braudel, have always characterized certain commercial insti
tutions since the Middle Ages. This will make clear how wrong it is to 
assume (as many economists to the right and center of the political spec
trum tend to do) that market power is something that may be dismissed 
or that needs to be studied only in relation to some aberrant institutional 
forms such as overt monopolies. But certain conceptions from the left 
(particularly the Marxist left) also need to be corrected, in particular, a 
teleological conception of economic history in terms of a linear progression 

of modes of production. In this Braudel explicitly agrees with Gilles 
Deleuze and Felix Guattari : capitalism could have arisen anywhere and 
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long before it did In Europe.60 Its emergence must be pictured as a bi
furcation, a phase transition that might have taken place somewhere 
else had the conditions been right (for Instance, in the huge camel cara
vans along the Silk Road in the thirteenth century).61 Moreover, the insti
tutions that emerged after this bifurcation must be viewed not as 
replacing previous institutions (I.e., markets) but as fully coexisting with 
them without forming a societywide "system." It is true that prices across 
Europe were pulsating to the same rhythm from medieval times and this 
gave the entire continent a certain economic coherence (sometimes 
referred to as a "world-economy"), but it would be a mistake to confuse 
world-economies with the "capitalist system," since India, China, and 
Islam also formed coherent economic areas (as powerful as those of Eu

rope) without giving rise to capitalism.52 

The conceptual confusion engendered by all the different uses of the 
word "capitalism" (as "free enterprise" or as "industrial mode of produc
tion" or, more recently, as "world-economy") is so entrenched that it 
makes an objective analysis of economic power almost impossible. One 
could, of course, simply redefine the term "capitalism" to include "power 
to manipulate markets" as a constitutive part of its meaning and to rid it 
of some of its teleological connotations. But as philosophers of science 
know well, when a theory begins redefining its terms in an ad hoc way to 
fit the latest round of negative evidence, it shows by this very act that it 
has reached the limits of its usefulness, In view of this, it would seem 

that the only solution is to replace this ti red word with a neologism, per
haps the one Braudel suggested, "antimarkets," and to use it exclusively 
to refer to a certain segment of the population of commercial and indus

trial institutions.6l 

In addition to monopolies, the most obvious form of manipulation of 
supply and demand, preindustrial antimarkets used several other mecha
nisms to further thei r accumUlations and increase their domination. For 
example, goods bought directly from a producer at a low price were often 
stored in large warehouses until the market price rose to a desired level. 
Market prices sometimes increased of their own accord. as happened 
during wars, but whenever they did not the merchants who owned these 
huge reservoirs could artificially inflate prices, perhaps by buying certain 
amounts of a given product at a high price (or, vice versa, deflate prices 
by dumping lower-priced goods).~ Long-distance trade was another 
means to free oneself of the laws and limitations of the local market. In 
terms of volume, long-distance luxury trade was minuscule in comparison 
to the flows of humble goods that circulated in the medieval markets. But 
what it lacked in one form of intenSity it made up in another: 
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Long-distance trade certainly made super-profits: it was after all based on 
the price differences between two markets very far apart, with supply 
and demand in complete ignorance of each other and brought into conlact 
only by the activities of the middleman. There could only have been a 
competitive market if there had been plenty of separate and independent 
middlemen. If, in the fullness of t ime competition did appear, if super
profits vanished from one line, it was always possible to find them again 
on another route with different commodities. If pepper became common
place and declined in value, tea, coffee, or calicoes were waiting in the 
wings 10 take the place of the former prima donna.55 

Such was the freedom of movement that characterized antimarkets, a 
freedom made possible by extensive credit. Much as primitive or metallic 
money was a catalyst for small-scale commercial exchange, credit was the 
great accelerator for antimarket transactions, both wholesale and long
distance trade. Credit represented one more form of the autocatalytic or 
turbulent dynamics that propelled preindustrial European cities ahead 
of their Eastern rivals, eventually enabling Europe to dominate the rest 
of the world. Credit (or, more exactly, compound interest) is an example 
of explosive, self-stimulating growth: money begetting money, a diabolical 
image that made many civilizations forbid usury. European merchants 
got around this prohibition through the use of the "bill of exchange," 

originally a means of long-distance payment (inherited from Islam); as it 

circulated from fair to fair its rate of return accrued usuriously. (This dis
guised form of usury was tolerated by church hierarchies due to the many 
risks the circulation of bills of exchange involved.) The flow of credit
and the institutions that grew around this flow, such as banks and stock 
exchanges-was crucial for self-sustained economic growth at the top, 
and it was one more flow antimarket institutions monopolized early on.66 

To return to European urban history, the deceleration of urban expan
sion that followed the year 1300 had a variety of effects. The birthrate 
of new towns decreased significantly, as did continuous growth across 

the full spectrum of city sizes. In the subsequent four centuries many 
small towns disappeared, and only the larger towns continued to grow. 

In a sense, the long depression acted as a selection pressure, favoring 
the large and hence increasing the proportion of command elements 
in the mix. Simultaneously, the first nation-states began to consolidate, 
in regions previously organized by Central Place hierarchies, as the 
dominant cities, some of which became national capitals, began to swallow 
up and discipline the towns in their orbit. The gateway cities that made 
up the Network system lost some of their autonomy yet continued to 
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grow, becoming maritime metropolises. Hence, while relatively few towns 
were born in this period, t he existing population of cities changed signifi. 
cantly. The capital and the metropolis, and the huge concentrations of 
people they housed, became increasingly visible features of the European 

urban structure. 
Anne Querrien has described the characteristics typical of these two 

types of large towns, while warning us that in reality a pure capital or 
metropoliS is rare, that more often than not we are dealing with mixtures. 
A metropoliS, she says, is like "a membrane which allows communication 
between two or more milieus, while the capital serves as a nucleus around 
which these milieus are rigorously organized."67 Metropolitan centers 
exercise their influence across international boundaries, while capitals are 
the guardians and protectors of these frontiers and the territories they 
encompass. Hence, while the former arise by the sea, the latter are often 
landlocked, bound to their hinterland. Capitals tend to place restrictions 
on the flows of trade and use taxes, tolls, and tariffs to extract energy 
from these circuits; conve rsely, metropolitan cities tend to free these fluxes 
of all obstacles, seeking to exploit their distant peripheries more thorough· 
Iy. (We have here two different forms of power, xenophobic nationalism 
versus salt·water imperialism.)68 In the period of nation·state formation, 
Paris, Madrid, Baghdad, and Peking were perfect examples of national 
capitals, while Venice, Genoa, COrdova, and Canton typified the maritime 

metropolis. Cities such as l ondon were mixtures of both types. 
The emergence of powerful nation·slates, and the concomitant decrease 

in autonomy of the cities they absorbed (and even of the city·states that 
remained independent), could have brought the different forms of self· 
stimulating dynamics we have described to a halt. That this did not hap· 
pen was due to yet one more form of autocatalysis unique to the West: 
continued arms races. The historian Paul Kennedy has argued that this 
type of self·stimulation depended in turn on the fact that the nations of 
Europe, unlike China or Islam, were never able to form a single, homoge· 
neous empire, and have remained until today a meshwork of hierarchies. 
It was within this meshwork that advances in offensive weaponry stimu· 
lated innovations in defense technology, leading to an ever.growing arma· 

ment spiral: 

5. 

While this armament spiral could already be seen in the manufacture of 
crossbows and armor plate in the early fifteenth century, the principle 
spread to experimentation with gunpowder weapons in the following fifty 
years. It Is important to recall here that when cannon were lirst employed, 
there was little difference between the West and Asia in their design and 
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effectiveness .... Yet, it seems to have been only in Europe that Ihe impe· 
tus existed for constant improvement: in the gunpowder grains, in casting 
much smaller (yet equally powerful) cannon from brom:e and tin alloys. in 
the shape and ledure of the barrel and the missile, in the gun mountings 
and carriages.69 

These arms races had a variety of consequences. They affected the 
mineralization of Europe, as the new mobile siege artillery made the sim
ple high walls that surrounded most towns obsolete. Fortification changed 
radically, as town walls were built lower while becoming more elaborate, 
now incorporated into complex assemblages of ditches, ramparts, para· 
pets, and covered passageways. This had important consequences for 
the cities enclosed within these fortified walls. Before 1520, when a town 
outgrew its mineral membrane, the wall could be easily disassembled and 
reconstructed farther away. But now, the new star·shaped systems of 
defense that had replaced it were prohibitively expensive to move, so that 
the towns so fortified were thereafter condemned to grow vertically.70 On 
the othe r hand, the new fortress deSigns, as well as the artillery that had 
catalyzed them into existence, began to consume a rapidly increasing 
share of a town's wealth. This favored nations over ci ty·states, since only 
the former could sustain the Intensificat ion of resource exploitation that 
the new technologies demanded. 

Kennedy has added his voice to the chorus of historians who, having 

rejected Eurocentr;sm, came to realize that even as late as 1500 China or 
Islam was much better positioned to dominate the millennium than Eu· 
rope. (Hence, the fact that Europe managed to do this against the odds 
warrants explanation.) Many of the inventions that Europeans used to col· 
onize the world (the compass, gunpoWder, paper money, the printing 
press) were of Chinese origin, while Europe's accounting techniques and 
instruments of credit (which are often cited as examples of her unique 
"rationality") came from Islam. Thus, nothing intrinsic to Europe deter· 
mined the outcome, but rather a dynamics bearing no inherent relation
ship to anyone culture. In this, Kennedy agrees with Braudel and 
McNeill: an excess of centralized decision making in the East kept turbu· 
lent dynamics under control, while they raged unobstructed in the West. 
To be sure, at several points in her history Europe could have become a 
unified hierarchy, and this would have ground these dynamics to a halt. 
This happened in the sixteenth century with the Hapsburg Empire, and 
later on with the rise of Napoleon and Hitler. Yet all these efforts proved 
abortive, and European nations remained a meshwork. 

Perhaps the most damaging effect of central ization was that it made 
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Eastern nations too dependent on the individual skills of their elites. 
Sometimes these skills were in short supply, as in the Ottoman Empire 
after 1566, when it was ruled by thirteen incompetent sultans in succes· 
sion. Because of the excess of command element in the mix, as Kennedy 
says, "an idiot sultan could paralyze the Ottoman Empire in a way that 
a pope or Holy Roman emperor could never do for all of Europe."n In a 
similar way, China's outlook was turned inward by its elite at a crucial 
point in history, when the secret to world domination lay in the conquest 
of the oceans, both for the profits of long·distance trade and for the flows 
of energy and materials that colonization made possible. 

China had an early lead in the naval race, having successfully pio
neered expeditions to the Indian Ocean as early as 1405, in which her 
"largest vessels probably displaced about 1,500 tons compared to the 
300 tons of Vasco da Gama's flagship ... at the end of the same century. 
Everything about these expeditions eclipsed the scale of later Portu· 
guese endeavors. More ships, more guns, more manpower, more cargo 
capacity .... "72 However, China 's rigid elite turned back its outward·look· 
ing policies and turned the country inward. Had China's expeditions 
continued. "Chinese navigators might well have rounded Africa and dis· 
covered Europe before Prince Henry the Navigator died."n And Euro· 
pean cities might have found themselves colonies and supply regions of 

a faraway empire. 
Those were the dangers and missed opportunities that too much cen· 

tralization brought about. Several regions of Europe (Spain, Austria, 
France) moved in that direction, as their capital cities grew out of all pro· 
portion, becoming large, unproductive centers of consumption and 
inhibiting the growth of their potential urban rivals. Those nations which 
united In their central city the dual function of national capital and mar· 
itime gateway were better able to maintain their autocatalytic dynamics. 
Such was the case, in the sixteenth to eighteenth centuries, of Britain 
and the United Provinces. like older cores of the Network (Venice. 
Genoa, Antwerp) london and Amsterdam were maritime cities, and con· 
stant contact with the sea (more than any specifically English or Dutch 
cultural trait) inspired and sustained their elites' outward or ientation. 
A similar effect might have been achieved in Spain and even in China: 
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When in 1421 the Ming rulers of China changed their capital city, leaving 
Nanking, and moving to Peking ... the massive world·economy of China 
swung round for good. turning its back on a form of economic activity based 
on easy access to sea·borne trade. A new landlocked metropolis was now 
established deep in the interior and began to draw everything towards it. 
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Philip II made an equally momentous decision in 1582. At the height of Spain's 
political domination of Europe, Philip II conquered Portugal and elected 
residence, with his government. in lisbon for a period of almost three 
years .. . . Looking over the ocean this was an ideal place from where to rule 
the world .... So to leave Lisbon in 1582 meant leaving a position from 
which the empire's entire economy could be controlled, and imprisoning 
the might of Spain in Madrid. the landlocked heart of Castille-a fateful 
mistake! The Invincible Armada. after years 01 preparation, sailed to its dis· 
aster in 1588.1' 

Although most European and non·European elites were very aware of the 
importance of sea power and of the profits of long·dista nce trade, only 
constant contact with the sea seems to have convinced them to partake 
of the colossal benefits inherent in the energy trapped in winds and 
currents . The oceans and the atmosphere form a nonlinear dynamical 
system that contains ten times more solar energy than plants capture 
through photosynthesis. and only a tiny fraction of the potential energy 
of plant life powered most of civilization's past intensifications. The enor· 
mous reservoir of oceanic and atmospheric energy fuels a great variety 
of self·organized structures: tornadoes, cyclones, pressure blocks, and, 
more importantly for human history, wind circui ts. 

Some of these circuits, like the monsoon wind, which has powered all 
sail ships in Asian waters for centuries, gave societies a clock, a periodi· 

cal rhythm. The monsoon blows westward half the year and eastward 
the other half, creating a "seasonal weather system that could be com· 
prehended from land."75 and could thus enter as a factor in the decision. 

making processes of the seafaring towns in Asia. In those urban centers 
in contact with the monsoon. knowledge of its dynamical behavior accu. 
mulated and skills in the art of tapping its energy with sails developed. 
Similar knowledge and skills evolved in the ports and metropolitan cen
ters on the Mediterranean. However. these skills were inadequate to 
master the circuit that would change the course of the millennium: the 
gigantiC "double conveyor belt" formed by the trade winds and the west· 
erlies, the wind circuit that brought Europeans to the New World and 
back again. Harnessing the energy of this conveyor belt, which allowed 
the conversion of an entire continent into a rich supply zone to fuel 
the growth of European cities, required special skills, and these had accu· 
mulated by the fifteenth cent ury in European cities facing the Atlantic, 
particularly in Lisbon. 

In the expanse of water between the Iberian peninsula and the Canary 
Islands, a small·scale replica of this double conveyor belt existed. The 
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trip from Europe to the islands was straightforward, but the return was 
difficult since it was against the wind. The solution was to navigate away 
from that wind-something that sailors from Mediterranean or Indian 
Ocean ports would never try-and look for another one which blew in the 
opposite direction. This strategy of using two different circuits, one to go 
and one to come back, was developed by the sailors of lisbon, and called 
volta do mar. It was later adapted by a native of Genoa in his effort to dis· 

cover a western route to the Orient: 

The alternating use of the trade winds on the outward leg, then the volta 
(the crabwise slide all to the northwest) to the zone of the westerlies, and 
then to swoop home with the westerlies as the following winds ... made 
the gambles of Columbus, da Gama and Magellan acts of adventure not 
acts of probable suicide. The sailors knew they could sail out on the trades 
and back on the westerlies .... It is doubtful if the sailors of the age of 
exploration thought of the volta in any sort of formal way. It is improbable 
that they learned the technique as a principle; they were, after all, groping 
out to the sea for a favorable wind not searching for laws of nature. But 
prevailing patterns of thought grew up to match the patterns of prevailing 
winds, and Iberian sailors used the volta as a template with which to plot 
their courses to Asia, to the Americas and around the world. ?6 

Day.to.day contact with the small·scale version of the double conveyor 
belt generated the skills that-in combination with the growing reservoirs 
of human capital in these gateway cities-allowed the mastery of the 
Atlantic sea routes. As this knowledge spread to other metropolises, the 
nations that would eventually emerge and dominate the next five hun· 
dred years would be the ones that incorporated these outward·oriented 
cities and used them as internal motors. Those nations whose capitals 
were landlocked became victims of the extreme viscosity of land trans· 
port and of the tyranny of distance and its consequent hierarchical urban 
patterns. The story was the exact opposite for gateway cities: 
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Although the conquerors, traders, and settlers planted the flag of their sal'· 
ereign, a limited number of ports actually directed the expansion. (Gate· 
way] cities developed ties to overseas settlements and to one another that 
were stronger than their links with the territory at their back. As a group, 
they constituted the core of a powerful trading network whose outposts 
spanned the world and through which, via overseas gateways, were fun· 

neled the plunder and produce of vast regions.77 
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Despite the fact that the analysi s of urban dynamics which I have 
attempted here is merely a sketch, ignoring so many other important his. 
torical factors affecting cities, it nevertheless provides certain insights 
into the role nonlinear science might play in the study of human history. 
First and foremost, nonlinear models show that without an energy flow 
of a certain intensity, no system, whether natural or cultural, can gain 
access to the self·organization resources constituted by endogenously 
generated stable states (attractors) and transitions between those states 
(bifurcations). Second, nonlinear models illustrate how the structures 
generated by matter·energy flows, once in place, react back on those 
flows either to inhibit them or further intenSify them. We have seen that 
many different types of structures can play this catalytic role: the miner. 
alized infrastructure of cities themselves; the organizations (centralized 
or decentralized) that live within the mineral walls; and various other 
cultural materials that move in and out of cities or accumUlate in them: 

skills and knowledge, money and credit, informal rules and institutional 
norms. Furthermore, wars and antimarket rivalries between cities (and, 
later on, nation·states) also had catalytic effects on all these flows.78 
It was preCisely these catalysts acting on each other (in autocatalytic or 
cross·catalytic relations), in the context of an intensified energy flow, that 
propelled Europe ahead of its potential rivals for wor ld domination. 

To the extent that these basic insights are correct. human culture and 
society (considered as dynamical systems) are no different from the self. 
organized processes that inhabit the atmosphere and hydrosphere (wind 
circuits, hurricanes), or, for that matter, no different from lavas and mag. 
mas, which as self·assembled conveyor belts drive plate tectonics and 

over millennia have created all the geological features that have influenced 
human history. From the point of view of energetic and catalytiC flows, 
human societies are very much like lava flows; and human·made struc. 
tures (mineralized cities and institutions) are very much like mountains 
and rocks: accumulations of materials hardened and shaped by historical 
processes. (There are, of course, several ways in which we are not like 
lava and magma, and these differences will be discussed in the following 
chapters.) 

Meanwhile, this "geological" approach to human history still has some 
surprises in store for us as we explore the last three hundred years of the 
millennium. During those centuries, the population of towns which had 
propelled Europe into her position of worldwide supremacy witnessed 
dram~tic changes. Just as powerful intensifications of the flows of energy 
had triggered the great acceleration of city building between the years 
1000 and 1300, fossil fuels would make a new round of intensified energy 
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now possible five centuries later and would dramatically alter the compo
sition of this population, accelerating city births once more and giving 
rise to novel forms, such as the factory town completely controlled by its 
industrial hierarchies: a truly mineralized antimarket. 
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