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IntroduCtIon: QuantIfyIng  
soCIal develoPment

tHe ProBleM

a quarter of a millennium ago, intellectuals in Western europe dis-
covered that they had a problem. as problems went, theirs was not 
a bad one: they appeared to be taking over the world, but did not 
know why. the explanations that eighteenth- century theorists came 
up with varied wildly, although the most popular ideas all held that 
since time immemorial, something had made the West different from 
the rest and determined that europe would one day dominate the 
world.

in the early twenty- first century, these ideas are still with us, al-
beit in heavily modified forms. the most influential argument, now 
as in the eighteenth century, is probably the theory that europeans 
are the heirs to a distinctive and superior cultural tradition.1 the 
roots of this Western civilization are most often traced back to the 
ancient Greeks and romans, although other advocates identify pre-
historic indo- europeans, ancient Germans, or medieval europeans 
as the founders.2

a second strand of eighteenth- century thought credited environ-
ment and climate with making europeans more energetic and cre-
ative than other people, and this too has plenty of modern champi-
ons.3 some scholars combine the ecological and cultural ideas, 
arguing that it was the back- and- forth between the two that sent 
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early modern europe down a new path.4 even the idea that europe-
ans are biologically superior to other humans has been revamped: 
some economists claim that since the thirteenth century natural se-
lection has made europeans thriftier and more industrious than 
anyone else,5 while a handful of paleoanthropologists suggest that 
divergent genetic evolution in the ten thousand years since the ori-
gin of farming has made europeans and their descendants more dy-
namic and inventive than other populations.6

these theories all took shape in the eighteenth century, when the 
explosion of european wealth and power cried out for explanation; 
and it was only in the later twentieth century, when east asia was 
experiencing a similar explosion, that serious challenges emerged. 
as Japan, the asian tigers, and China developed into major eco-
nomic powers, more and more scholars concluded that theories ex-
plaining West’s success through long- term cultural, environmental, 
or racial causes simply could not be right. the big story in world 
history, they began suggesting, was not the long- term, inexorable 
rise of the West; it was the tale of a multipolar world, which the West 
had only recently, temporarily, and perhaps even accidentally come 
to dominate.

these new ideas are even more varied than the old long- term 
lock- in theories. the most extreme versions argue that the eighteenth- 
century theorists got things exactly back to front. according to the 
new theories, it was in fact China that had a long- term lock- in on 
global dominance, and only a bizarre series of accidents briefly 
tipped things in europe’s favor.7 Most versions, however, reject 
long- term explanations altogether, arguing that the complex societ-
ies of asia and europe developed down roughly parallel tracks until 
the eighteenth or even the nineteenth century, when small differ-
ences in state structure, natural endowments, physical and political 
geography, or intellectual trends gave europe the lead.8

the argument over the causes and consequences of Western 
power has attracted enormous interest, but the champions of the 
different theories often seem to be talking past one another. they 
regularly define key terms in different ways, use different kinds of 
evidence, and apply different standards of proof. as a result, the an-
tagonists rarely agree on exactly what they are trying to explain, let 
alone how to do the explaining.
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as i see it, the real question at issue is about what i would call so-
cial development, by which i mean social groups’ abilities to master 
their physical and intellectual environments and get things done in 
the world. defenders of the new versions of the eighteenth- century 
theories tend to argue that Western social development has been 
higher than that in other parts of the world for hundreds or even 
thousands of years; their critics tend to argue that Western develop-
ment pulled ahead only in the past half dozen generations. it seems 
to me that if we really want to explain why the West rules, we need to 
measure social development and compare it across time and space. 
only when we have established the basic pattern of the history of 
social development can we start asking why it takes the form it does.

Quantification does not necessarily make debates more objec-
tive, but it does normally make them more explicit, forcing rivals to 
spell out exactly what they mean by the terms they use and to ex-
plain why they assign specific numerical values to these differences. 
anyone who disagrees with another scholar’s judgments will then 
be able to focus on the evidence and methods being used to calculate 
the scores, instead of trading vague, undertheorized generalizations. 
under one name or another, numerical indices of concepts similar to 
social development are well established in anthropology, archaeol-
ogy, economics, finance, policy making, and sociology, and there is 
an obvious model for such a yardstick in the united nations’ 
Human development index.9

in the 1960s and 1970s, some historians began applying similar 
methods to the past, addressing big questions by mustering vast 
amounts of statistical data. the classic case was probably robert 
fogel and stanley engerman’s Time on the Cross, which brought 
together data from thousands of plantation records to work out just 
how profitable slavery was in the nineteenth- century american 
south and just what the physical experience had been like for the 
slaves themselves.10

Time on the Cross provided a successful model for quantitative 
history. the study appeared two volumes, the first providing a broad 
overview and set of interpretations aimed as much at a general read-
ership interested in american history as at professional scholars, 
while the second volume detailed the statistical techniques and 
sources that fogel and engerman had used.
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The Measure of Civilization follows this format. it is a compan-
ion volume to my earlier book Why the West Rules—For Now: The 
Patterns of History, and What They Reveal about the Future. When 
i was writing Why the West Rules—For Now, my editors and i de-
cided to post supporting materials on a website rather than produc-
ing a second print volume in print, but since then it has become clear 
that there is some interest in having a revised and expanded version 
of this material available in print.11

i have two main goals in The Measure of Civilization. first, i 
want to provide critics of Why the West Rules—For Now with the 
ammunition they need to subject the conclusions i reached in that 
book to systematic analysis. While i naturally hope that my thesis 
withstands such attempts at falsification, the next- best outcome 
would be to see explicit debate over my own analysis lead to im-
proved versions of the social development index and a stronger ex-
planation of the rise of Western power and wealth.

My second goal in setting out a full account of the social develop-
ment index is to contribute to making comparative history more ex-
plicit and quantitative. “the history of science is emphatic,” the 
biologist- turned- historian Peter turchin has pointed out: “a disci-
pline usually matures only after it has developed mathematical the-
ory.”12 there will never be such a thing as a one- size- fits- all numeri-
cal index that answers every question that any comparative social 
scientist might want to ask, but one of the best ways to turn com-
parative history into such a mature discipline may be through the 
design of multiple indices, each crafted to solve a particular problem.

i begin by setting out, very briefly, a formal definition of what i 
have in mind when i speak of “social development.” i follow up this 
brief definition with an overview of the ideas it draws on and the 
objections that have been raised to them across the past fifty years. 
in chapter 2, i try to distill from these criticisms the key challenges 
facing a social development index, and then explain how i have tried 
to address these challenges. in the main part of the book (chapters 
3–6) i set out the evidence behind the scores in my four traits of en-
ergy capture, organization, war making, and information technol-
ogy. in the final chapter, i consider some of the ways an index of 
social development might contribute to other debates within the so-
cial sciences.
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soCial develoPMent: a definition

social development, as i use the expression, is a measure of commu-
nities’ abilities to get things done in the world. i label this property 
“social development” because it seems to me to have much in com-
mon with the central ideas of development economics.13 the histo-
rian Kenneth Pomeranz has suggested that it might be better to call 
the concept “social power,” but i am not convinced, not least be-
cause the concept is sufficiently different from previous influential 
uses of the label social power (particularly the version developed by 
the sociologist Michael Mann) that this terminology would proba-
bly introduce unnecessary confusion.14

social development is an important concept because the major 
reasons that the West (another key concept in need of definition: see 
chapter 2, “units of analysis”) has dominated the world in the past 
two hundred years are that (a) its social development has reached 
higher levels than that of any other part of the planet and (b) these 
levels have risen so high that the West has been able to project its 
power globally.

“Communities’ abilities to get things done in the world” is what 
we might call a minimal definition of social development. it is handy 
but imprecise, and, like all minimal definitions, it is framed at such a 
high level of abstraction that it is difficult to operationalize (that is, 
it is not obvious what we would need to do on the ground to put 
such a vague formulation to use).

Consequently, social scientists often follow up a minimal defini-
tion with an “ideal- type” definition, one that “aims for a collection 
of attributes that is maximal—that is, including all (nonidiosyn-
cratic) characteristics that help to define the concept in its purest, 
most ‘ideal’ (and perhaps its most extreme) form.”15

Putting matters more formally, social development is the bundle 
of technological, subsistence, organizational, and cultural accom-
plishments through which people feed, clothe, house, and reproduce 
themselves, explain the world around them, resolve disputes within 
their communities, extend their power at the expense of other com-
munities, and defend themselves against others’ attempts to extend 
power.16
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social development is—in principle—something we can measure 
and compare through time and space. if Western social develop-
ment has been higher than that in the rest of the world since time 
immemorial, the answer to the why- the- West- rules question must 
lie very deep in the past, as the champions of biological or environ-
mental theories of Western supremacy hold. if, however, Western 
social development surged ahead of that in other regions during the 
first millennium BCe, we might conclude that advocates of the im-
portance of Greece and rome in fact got things right. But if it should 
turn out that Western social development outstripped that of other 
civilizations only in very modern times, we will be forced to con-
clude that these old theories are wrong, and must seek explanations 
elsewhere.

i want to emphasize that social development is a measure of com-
munities’ abilities to get things done in the world, not an explana-
tion of communities’ abilities to get things done. social development 
shows us the pattern that we need to explain.

social development is also not a measure of the worth of different 
societies. for instance, twenty- first- century Japan is a land of air 
conditioning, computerized factories, and bustling cities. it has cars 
and planes, libraries and museums, high- tech health care and a liter-
ate population. the contemporary Japanese have mastered their 
physical and intellectual environment far more thoroughly than 
their ancestors a thousand years ago, who had none of these things. 
it therefore makes sense to say that modern Japan has higher levels 
of social development than medieval Japan. yet this implies nothing 
about whether the people of modern Japan are smarter, worthier, or 
luckier (let alone happier) than the Japanese of the Heian era. nor 
do social development scores imply anything about the moral, envi-
ronmental, or other costs of social development. social development 
is a value- neutral analytical category.

tHe intelleCtual BaCKGround

scholars have been interested in ideas similar to social development 
for a very long time. there are several excellent reviews of this his-
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tory, so i will not attempt a comprehensive survey here.17 instead, i 
will look only at the ideas that seem to be most relevant to the social 
development index that i construct in this book, and then at some of 
the most important criticisms of these approaches.

the most useful starting point is probably the essay “Progress: its 
laws and Cause” that the eccentric english polymath Herbert spen-
cer published in the Westminster Review in 1857.18 like many eng-
lish intellectuals in the mid- nineteenth century, spencer felt that he 
was living in an age of previously unimaginable progress and wanted 
to explain it. “from the remotest past which science can fathom, up 
to the novelties of yesterday,” he argued, “that in which progress es-
sentially consists, is the transformation of the homogeneous into the 
heterogeneous.” He proposed calling the mechanism through which 
things that began simply became more complex “evolution”:

the advance from the simple to the complex, through a process of suc-
cessive differentiations, is seen alike in the earliest changes of the uni-
verse to which we can reason our way back, and in the earliest changes 
which we can inductively establish; it is seen in the geologic and cli-
matic evolution of the earth; it is seen in the unfolding of every single 
organism on its surface, and in the multiplication of kinds of organisms; 
it is seen in the evolution of Humanity, whether contemplated in the 
civilized individual, or in the aggregate of races; it is seen in the evolu-
tion of society in respect alike of its political, its religious, and its eco-
nomical organization; and it is seen in the evolution of all those endless 
concrete and abstract products of human activity which constitute the 
environment of our daily life.19

spencer spent the next forty years bundling geology, biology, 
psychology, sociology, politics, and ethics into a single evolutionary 
theory of everything, explaining how the universe had gone from 
being simple and undifferentiated to being complex and highly dif-
ferentiated. in the three volumes of his Principles of Sociology, spen-
cer argued that human societies had evolved through four levels of 
differentiation, from the simple (wandering bands without leaders) 
through the compound (stable villages with political leaders) and 
doubly compound (groups with churches, states, complex divisions 
of labor, and scholarship) to the trebly compound (great civiliza-
tions like rome, and, of course, victorian Britain).20
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spencer’s ideas won an enormous audience, and in recognition of 
the way they have shaped much of the thinking since the 1850s, i will 
use the expression “social evolutionism” as a broad label for all the 
approaches that i discuss in this section. i will also treat “social evo-
lution” (the term most favored in British english) and “cultural evo-
lution” (the term most favored in american english) as synonyms.

By 1870 spencer was probably the most influential philosopher 
writing in english; when late- nineteenth- century Japanese and Chi-
nese intellectuals decided they needed to understand Western suc-
cess, he was the first author they translated. even Charles darwin, 
who did not use the word “evolution” in the first five imprints of his 
origin of the Species, felt compelled to borrow it from spencer in 
the sixth version, published in 1872.

several other late- nineteenth- century theorists (often lumped 
together with spencer as “classical evolutionists”) produced their 
own versions of his typologies. edward tylor, for instance, spoke 
in his book Primitive Culture of the shift from savagery through 
barbarism to civilization, and lewis Henry Morgan used the same 
terminology in his ancient Society, a book that massively influ-
enced friedrich engels’s origins of the Family, Private Property 
and the State.21

there were very few archaeological data available to these theo-
rists, so they relied heavily on the assumption that the colonized 
peoples of nineteenth- century africa, asia, australia, and south 
america were living ancestors, illustrating how people who were 
now at the trebly compound/civilized stage of differentiation must 
have lived in prehistoric times. However, even this limited ethno-
graphic information was full of problems. Most of it came from mis-
sionaries and colonial administrators, who tended to be interested 
only in very particular aspects of the groups they encountered. as a 
result, when the first generation of professional anthropologists 
began doing fieldwork in their own right in the early twentieth cen-
tury, they quickly discovered that a lot of the evolutionists’ sup-
posed facts were simply wrong.

By the 1910s, a serious backlash was under way, and across the 
twentieth century spencer’s notion that evolution and differentia-
tion should be at the heart of historical inquiry has gone in and out 
of fashion.22 the most important critics were initially franz Boas (a 
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German scholar who moved to the united states) and Bronislaw 
Malinowski (a Polish scholar who moved to Britain), who, by the 
1920s, had convinced many anthropologists that the field’s subject 
matter consisted of a vast number of discrete “cultures,” each of 
which was a unique, seamless whole that had to be understood as a 
coherent system.

functionalism—the theory that ideas, institutions, and values 
settled into equilibrium within each of these discrete cultures—be-
came increasingly popular, often striking anthropologists as a much 
sounder basis for the construction of a natural science of society 
than the speculative leaps of classical evolutionists.23 one of the 
costs of adopting a functionalist approach was of course that cross- 
cultural comparison and explanation of change through time be-
came much more difficult, but social scientists were often willing to 
pay that price, and spencerian evolution quickly collapsed as an or-
ganizing principle for thinking about societies.

Marxists remained wedded to evolutionary narratives in the 
1920s, but in liberal democracies (and, albeit in rather different ways, 
in fascist regimes) most sociologists and anthropologists concluded 
that arranging human groups along a simple- to- trebly- compound 
or savage- to- civilized spectrum was no better than making up 
just- so stories that were (a) conjectural and (b) pointless.

the 1930s were probably the high point of Boasian particular-
ism, but the pendulum was already swinging back. the career of the 
archaeologist v. Gordon Childe, yet another academic émigré (this 
time an australian who moved to Britain), illustrates this nicely.24 in 
the interwar years, stratigraphic excavation (i.e., separating out the 
layers of deposits on a site and arranging the deposits into sequences 
that could be dated relative to one another) was becoming the norm 
in archaeology, and enough evidence was accumulating to make 
broad syntheses possible.

in his first really successful book, The Dawn of european Civili-
sation,25 Childe was fairly typical of the times in focusing on a par-
ticular region rather than thinking in spencer’s global terms, and in 
explaining cultural change through diffusion and migration rather 
than evolution and differentiation. But in the 1930s, Childe—like 
many social scientists in liberal, democratic countries—turned to-
ward Marxism and began asking very different questions. in Man 
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Makes Himself and What Happened in History, he recognized that 
archaeology’s enlarged database now showed beyond reasonable 
doubt that agriculture and cities had evolved independently in dif-
ferent parts of the world. By 1951 he even felt ready to call a book 
Social evolution.26

in just the same years, many american social scientists were also 
returning to evolutionary frameworks. some, like Childe, leaned to-
ward Marxism (the anthropologist leslie White, for instance, pub-
lished a string of left- wing political essays under pseudonyms),27 
while others strongly opposed it (the economist Walt rostow gave 
his classic book The Stages of economic Growth the subtitle a Non- 
Communist Manifesto).28 But regardless of their political agendas, 
americans tended to prefer spencer’s emphasis on differentiation to 
Childe’s more humanistic evolutionism.

the most influential of these thinkers was probably the sociolo-
gist talcott Parsons. in a series of studies, Parsons proposed not 
only a new typology of social stages (primitive, intermediate [subdi-
vided into archaic and advanced], and modern) but also a compli-
cated framework for explaining the development from primitive to 
modern.29 Parsons argued that social evolution consisted of accumu-
lating six “evolutionary universals,” each of which comprised “a 
complex of structures and associated processes the development of 
which so increases the long- run adaptive capacity of living systems 
in a given class that only systems that develop the complex can attain 
higher levels of general adaptive capacity.”30 first came social strati-
fication and cultural legitimation (i.e., hierarchy and differentiation 
within societies combined with group identity and differentiation 
between societies), then bureaucracy and markets, and finally uni-
versalistic norms (particularly in law and religion) and democracy.

Parsons’s thinking was even more ambitious than Childe’s in its 
intention to subsume everything from human evolution to twentieth- 
century capitalism within a single framework, but it was also widely 
criticized for its circularity in identifying differentiation as both the 
cause and consequence of evolution.31 as a result, some social scien-
tists who found the general thrust of Parsons’s theories interesting 
nevertheless turned elsewhere to try to explain social evolution.

after Parsons himself, the most widely read evolutionist in these 
years seems to have been the anthropologist leslie White, who em-
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phasized energy capture as the motor driving evolution.32 like other 
evolutionists, White divided history into stages (in his case, of prim-
itive, civil, and complex societies), but departed from most of his 
predecessors in arguing that “culture develops when the amount of 
energy harnessed by man per capita per year is increased; or as the 
efficiency of the technological means of putting this energy to work is 
increased; or, as both factors are simultaneously increased.”33 His-
tory, White concluded, could be summed up in the equation C = e × 
T: culture = energy × technology.34 societies evolved from primitive 
to civil when they adopted agriculture and from civil to complex 
when they industrialized.

this was an important departure from the spencer/Parsons line, 
but White hewed more closely to social evolutionary orthodoxy 
when he turned to the consequences of rising energy use. the most 
important result of the shift from primitive through civil to complex 
society, he argued, was increasing differentiation. as he explained it,

agriculture . . . greatly increased the food supply, which in turn in-
creased the population. as human labor became more productive in 
agriculture, an increasing proportion of society became divorced from 
the task of food- getting, and was devoted to other occupations. thus 
society becomes organized into occupational groups: masons, metal 
workers, jade carvers, weavers, scribes, priests. this has the effect of 
accelerating progress in the arts, crafts, and sciences (astronomy, math-
ematics, etc.), since they are now in the hands of specialists, rather than 
jacks- of- all- trades. With an increase in manufacturing, added to divi-
sion of society into occupational groups, comes production for ex-
change and sale (instead of primarily for use as in tribal society), medi-
ums of exchange, money, merchants, banks, mortgages, debtors, slaves. 
an accumulation of wealth and competition for favored regions pro-
vokes wars of conquest, and produces professional military and ruling 
classes, slavery and serfdom. thus agriculture wrought a profound 
change in the life- and- culture of man as it had existed in the human- 
energy state of development.35

american thinking about social evolution in the twenty or thirty 
years after World War ii is often bundled under the label “neo- 
evolutionism,” to distinguish it from the (predominantly european) 
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“classical” evolutionism of the nineteenth century, and two big ideas 
run through much of the neo- evolutionary discussion. one was the 
return to differentiation as the most important consequence (and, in 
Parsons’s view, cause) of evolution; the other, the desire to quantify 
evolution to make comparisons more explicit.

numerical scales for ranking the evolution of societies went back 
to the late- nineteenth- century heyday of classical evolutionism. the 
earliest attempt to base such rankings on reliable, cross- cultural data 
was probably sebald steinmetz’s long essay “Classification des 
types sociaux,” which looked primarily at subsistence technology.36 
Hans nieboer elaborated this in his classic study of Slavery as an 
Industrial System, and leonard Hobhouse and his collaborators ex-
panded the framework further.37

By the end of World War ii, mountains of new evidence and 
growing statistical sophistication among american social scientists 
had made these early efforts look hopelessly inadequate. in a brief 
discussion in a general textbook, the anthropologist Carleton Coon 
floated the idea that it should be possible to produce a much better 
quantitative index by counting the number of specialists, amount of 
trade, number of corporate groups, and complexity of institutions 
with a society, but the first really usable index was raoul naroll’s.38

naroll was a researcher on the Human relations area files 
(Hraf), an ambitious program established at yale university in 
1949 to create a database for global comparisons of human behavior, 
society, and culture.39 randomly choosing thirty preindustrial soci-
eties from around the world (some contemporary, others historical), 
naroll scoured the Hraf files to find out how differentiated they 
were.

since differentiation has an almost infinite number of possible 
dimensions, naroll established a pair of principles for operational-
izing the concept. first, he suggested, the only way to proceed was 
by narrowing the study down to down to the smallest possible num-
ber of traits that covered most of the ideas spencer had in mind 
when he spoke of differentiation; and second, the selected traits had 
to meet certain basic criteria. they had to have culture freedom (i.e., 
be free of ethnocentric bias), logical independence (i.e., not be rid-
dled with spurious correlations), adequate documentation, reliabil-
ity (i.e., experts could not disagree too wildly over the facts), and 
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convenience (if the data were too difficult to obtain, the scoring sys-
tem would become impractical).

naroll came down on three traits: the size of the largest settle-
ment in a society, the specialization of its craft production, and the 
number of its subgroups. after looking into various definitional and 
methodological problems, he quantified the three traits and con-
verted the results to a standard format, generating an index of social 
development on which sixty- three points was the maximum possi-
ble score. at the bottom of his league, with twelve points, came the 
yahgan of tierra del fuego, who had struck Charles darwin on his 
visit there in 1832 as “exist[ing] in a lower state of improvement than 
[people] in any other part of the world”;40 at the top came the 
fifteenth- century aztecs, with fifty- eight points.

Within a few years, robert Carneiro, then on the staff of the 
american Museum of natural History, came up with a very differ-
ent way to build an index.41 like Parsons, Carneiro was interested in 
whether there were evolutionary universals (which Carneiro called 
“functional prerequisites”) that every society had to possess to move 
from one level of complexity/differentiation to another. Borrowing 
the technique of scale analysis from social psychologists, he next 
looked for traits with “the following characteristics: (1) their pres-
ence indicates a greater degree of complexity than their absence, and 
(2) once developed they tend to be retained, if not indefinitely, at 
least over long periods.”42

Carneiro selected eight such traits (social stratification, pottery, 
fermented beverages, state- level government, agriculture, stone ar-
chitecture, metallurgy, and weaving) and scored them for presence/
absence rather than assigning numerical values as naroll had done. 
He then picked nine south american societies and arranged them 
into what he called a scalogram (figure 1.1).

Carneiro argued that the scalogram allowed him not only to rank 
the complexity of the nine societies, from zero (once again, the 
nineteenth- century yahgan) up to nine positives (the fifteenth- 
century inca), but also to argue that the eight traits were all func-
tional prerequisites, in that “x necessarily precedes y, which is to say 
that y cannot come into existence without the prior existence of x.”43 
in a later essay, Carneiro tested his index against the historical evi-
dence for the sequence in which traits appeared in the ancient near 
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east and anglo- saxon england, and argued that his approach could 
boast a “coefficient of reproducibility” of greater than .90.44

indices and experiments with different statistical techniques for 
manipulating the results proliferated across the next decade. Most 
followed the naroll- Carneiro model of trying to get a snapshot of 
entire societies, bundling together traits reflecting a range of differ-
ent activities,45 but a few opted for narrowing the focus to a particu-
lar kind of evidence held to reflect differentiation more directly, 
such as burials or settlement patterns.46 despite all their differences, 
though, most of the varied numerical indices produced rather simi-
lar results; by Carneiro’s calculations, analysts agreed on scores 
87–94 percent of the time.47

By the late 1970s neo- evolutionism was becoming a fairly coher-
ent research program, thanks in part to the very clear expositions of 
differentiation- based theories in elman service’s book Primitive So-
cial organization and Morton fried’s The evolution of Political So-
ciety.48 the former classified societies into bands, tribes, chiefdoms, 
and states, and the latter (more influenced by Marxism) into egali-
tarian, ranked, stratified, and state stages. these typologies (particu-
larly service’s) more or less displaced Parsons’s and White’s termi-
nologies all across the social sciences.

the 1970s were probably the high tide of american neo- 
evolutionism. But in an uncanny echo of the 1910s, when classical 
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evolutionism had seemed to be on the verge of creating a great new 
synthesis, the pendulum abruptly swung away from anything re-
sembling spencerian theory in many of the social sciences. eco-
nomic history and political science were partial exceptions, perhaps 
because the growing influence of institutional analysis encouraged 
stage- theory approaches to the past, and in the soviet bloc quantita-
tive evolutionism remained in favor.49 But in Western europe and 
the united states, sociological, anthropological, and archaeological 
debates over evolutionism took on the same kind of political edge in 
that they had had in the 1910s. accusations of partisan bias, bad 
faith, and worse scholarship disfigured much of the pro-  and anti-
evolutionism literature in the 1980s and 1990s.

some anthropologists and archaeologists argued that “the meta- 
narrative of simple to complex is a dominant ideology that organizes 
the writing of contemporary world prehistory in favour of a mod-
ernizing ethos and the primacy of the West,”50 while others re-
sponded that the critics needed to “abandon their fixation on ‘alter-
ity,’ ‘reflexivity,’ and the like, and turn instead to an assessment of 
real and important objective problems, and to the application of 
some hard thinking and rigorous quantitative methods to their solu-
tion.”51 university anthropology departments, where the fights 
tended to be fiercest, regularly divided into cultural and evolution-
ary wings that did their own faculty and graduate recruiting (as at 
Harvard) or even split into two entirely separate departments (as at 
stanford).

since about 2000, though, another swing back toward social evo-
lutionism seems to have begun. during neo- evolutionism’s heyday 
in the 1970s, self- styled darwinian archaeologists had been among 
its fiercest critics. according to one of the leading darwinians, rob-
ert dunnell, “cultural evolution is neither science, nor theory, nor 
evolution, if evolution is taken to mean what it does in the sciences. 
as such, it is inappropriate as an explanatory framework in an ar-
chaeology committed to a scientific approach.”52

the latest upswing in social evolutionism, however, has been 
driven largely by theorizing about the coevolution of biology and 
social behavior.53 Jared diamond’s Guns, Germs, and Steel: The 
Fates of Human Societies has been by far the most influential contri-
bution, gracefully blending biology, archaeology, anthropology, and 
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history into a compelling narrative of the coevolution of plants, ani-
mals, and human societies across the past fifteen thousand years.54

diamond had begun his career as a biologist, and taught for many 
years in the medical school at the university of California, los an-
geles. He is now a member of uCla’s geography department, but 
with the exception of a brief term as a visitor at stanford, he has 
never held an appointment in an anthropology, archaeology, or his-
tory department, despite now being the most widely read writer in 
any of these fields.

Given the polemical tone of academic arguments over evolu-
tionism in the 1990s, it is probably not a coincidence that dia-
mond’s book succeeded in large part because it reached out to non-
academic audiences, having much impact within universities only 
after it had already sold several million copies outside them. this 
seems to be typical of the new social evolutionism; and although no 
one else has quite matched diamond’s success, scholars in political 
science, economics, the philosophy of religion, psychology, archae-
ology, anthropology, and history have all written for broader read-
erships.55 this trend breaks with the narrowly specialist tone of 
most neo- evolutionism, and hearkens back to the days of spencer 
and darwin, when serious contributions were expected to speak 
directly to nonspecialists.

despite the continuing arguments within the academy, there are 
good reasons to think that the 2010s might see a new synthesis of 
biological and social evolutionism, aimed at audiences both inside 
and outside universities.56 one of my main hopes in writing Why the 
West Rules—For Now and The Measure of Civilizations is of con-
tributing to this. the notion of social development that i present 
grows out of ideas about social evolution going back to spencer and 
builds on the tradition of index building that goes back to naroll, 
but it also tries to take seriously the criticisms of these ideas that re-
surfaced so often during the twentieth century.

in the next section, i summarize some of the most important ob-
jections that have been raised against social evolutionism. i concen-
trate on the past fifty years, and particularly the 1980s criticisms, 
which seem to me to have identified the most pressing problems of 
this approach. i close this chapter by drawing out from these de-
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bates what i see as the most important challenges that an index of 
social development must overcome.

deBates over tHe Core ConCePts  
of soCial evolutionisM

differentiation

i start with differentiation because most theorists since spencer have 
seen this as the dimension of a society that increases when that soci-
ety progresses/evolves/becomes more complex. in practice, how-
ever, despite the widespread agreement that differentiation is the 
core concept, it has had a checkered history.

archaeologists have probably faced greater difficulties with dif-
ferentiation than anyone, because they have found it extremely dif-
ficult to measure.57 in the 1970s some social evolutionists in archae-
ology were attracted to study burials on the hope that death rituals 
make explicit the social personas into which societies are differenti-
ated,58 but in the 1980s critics showed that what buriers express in 
their differentiated treatment of the dead is really a set of concep-
tions about what the ideal relationships among the living ought to 
be like, not social personas as a Parsonian sociologist might identify 
them.59 as a result, despite the weight that differentiation receives in 
formal definitions, it rarely has much role in archaeologists’ actual 
judgments about evolution/complexity. in naroll’s 1956 social de-
velopment index, for example, only one trait (settlement size) might 
reasonably be seen as a proxy for differentiation; and in the final 
version of Carneiro’s trait list, just one- sixth of the dimensions re-
lated directly to differentiation.60

since the 1980s, archaeologists have generally continued drifting 
away from differentiation as an analytical tool, but sociologists have 
gone much further. in some ways, they point out, the societies we 
might think of as the most complex—the great modern nation- 
states—are actually less differentiated than premodern archaic states, 
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with their complicated webs of estates, orders, and ranks.61 Dedif-
ferentiation, Charles tilly argues, has been the hallmark of the rise 
of homogeneous citizen communities.62

nor is this process unique to modernity: in another well- known 
case, the homogeneous citizen community of fifth- century BCe 
athens was also much less legally differentiated than the city- states 
of the preceding archaic period. despite a massive increase in state 
capacity and prosperity between the sixth and fifth centuries,63 the 
complexity of the status structure expressed in athenian burials de-
clined sharply.64

tilly concluded from this that “we have no warrant for thinking 
of differentiation in itself as a coherent, general, lawlike social pro-
cess,” and since the 1980s, differentiation has disappeared from so-
ciological debates even more completely than from archaeological 
ones.65

Complexity

if differentiation is too incoherent to form the basis of a theory of 
social evolution, complexity—which, in most social scientists’ for-
mal definitions, depends entirely on differentiation—must be jetti-
soned along with it.66 However, in the past twenty years, a number 
of social scientists have suggested that complexity can be retained as 
a central concept if we replace social- scientific ideas based on spen-
cerian differentiation with theories of complexity drawn from the 
natural sciences.67

Many versions of complexity theory argue that if we look at or-
ganizations as complex adaptive systems, we quickly see that pattern 
and structure at the macroscale emerge from the microscale behavior 
of agents acting in accordance with completely different ideas, or 
even no ideas at all.68 spencer would probably have appreciated the 
argument that the emergence and collapse of order and hierarchy are 
physical processes (often referred to as self- organized criticality, or 
soC), equally relevant to the formation of the universe 13.7 billion 
years ago and the formation of human organizations. related ideas 
have been taken up in anthropology, archaeology, management, his-
tory, international relations, and political science.69
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Complexity theorists often draw on neo- evolutionists’ catego-
ries, particularly when they want to describe premodern human so-
cieties. However, they also tend to see neo- evolutionism as impre-
cise, empiricist, and lacking clear explanations.

evolution

While complexity theorists have revived spencer’s vision of evolu-
tion as a catchall concept covering everything from geology to legal 
processes, some social scientists have gone in the opposite direction 
since the 1970s, recoiling from using the same label to describe dar-
winian descent with modification in biological organisms and the 
very different types of change that happen in social organizations.

the most trenchant criticisms are probably those of the sociolo-
gist anthony Giddens, who suggests that for any theory calling it-
self evolutionary, “there must be at least some presumed conceptual 
continuity with biological evolution . . . [and] social evolutionism 
must specify something more than just a progression of change in 
respect of certain designated criteria, that something being a mecha-
nism of change.” He argues that social evolution shares little with 
biological evolution, particularly because it depends on extending 
darwin’s mechanism of change—adaptation—until it becomes “ir-
remediably amorphous.”70

Many biologists agree. John Maynard smith, a pioneering figure 
in the application of game theory to biological evolution, has been 
particularly blunt, arguing that the “explanatory power of evolu-
tionary theory rests largely on three assumptions: that mutation is 
nonadaptive, that acquired characters are not inherited, and that in-
heritance is Mendelian—that is, it is atomic, and we inherit atoms, or 
genes, equally from our two parents, and from no one else. in the 
cultural analogy, none of these things is true.”71

some archaeologists have responded to concerns of this kind by 
thinking of artifacts as extensions of the human phenotype, focus-
ing on how natural selection operates on their differential persis-
tence through time.72 summarizing the thinking of self- styled 
“darwinian archaeologists,” robert leonard explained that “[t]o a 
processualist [i.e., a social evolutionist], an adaptation is any behav-
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ior that has a function in an environment. to an evolutionist, it is  
a phenotypic feature that has been modified over time by natural 
selection so that it serves an important evolutionary function.”73 
darwinian archaeologists tend to be even more critical of social 
evolutionism than complexity theorists, typically portraying it as 
hopelessly confused about the unit of selection and even more so 
about adaptation.74

Progress

very few social scientists nowadays use the word “progress” as a 
synonym for social evolution or differentiation. it was, however, one 
of spencer’s core concepts, and therefore calls for a brief comment.

spencer, i suspect, would have seen social- scientific concepts 
such as Parsons’s “evolutionary universals” and Carneiro’s “func-
tional prerequisites” as representing much the same idea as his no-
tion of progress, no matter how strenuously post- Weberian social 
scientists struggle to separate facts and values, and many critics of 
social evolutionism seem to agree. the archaeologists Michael 
shanks and Christopher tilley, for instance, argue that discussions 
of evolution, differentiation, and related concepts “easily slip into 
ideologies of self- justification or assert the priorities of the West.”75 
if they are correct, it may be that implicit assumptions about prog-
ress are inevitably built into any discussion of social evolution.

stage theories

virtually all classical and neo- evolutionists, from spencer with his 
typology of simple through trebly compound to service with his 
alternative of band, tribe, chiefdom, and state, produced stage theo-
ries of social evolution. such theories have many advantages, not 
least their potential for predicting variables that cannot be directly 
observed. if it is true, say, that all bands live in small, mobile groups, 
with low population densities, minimal technology, weak ranking, 
and shallow gender hierarchies, then archaeologists who know just 
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one or two things about a society—say, its subsistence basis and set-
tlement pattern—might be able to reconstruct dimensions that are 
undocumented, such as law or kinship.

arguing from Hraf data, the archaeologist Charles Mcnett 
claimed 50 percent accuracy for such predictions,76 and in the 1970s 
many prehistorians worked hard to clarify the stages’ archaeological 
correlates and to place specific societies within them.77 But, as often 
happens, this research created its own problems. Case studies found 
that some societies did not work the way the stage theories said they 
should,78 and factor analyses of Hraf data failed to demonstrate 
clear correlations between variables, because different rotations 
produced wildly different loadings.79

More careful cross- cultural surveys in the 1980s suggested that 
the statistical problem reflected a genuinely messy reality. a survey 
of new World societies found “considerable variability . . . for each 
examined attribute. this diversity was continuous rather than dis-
crete and no clear societal modes or subtypes were readily apparent. 
in addition, relationships of varying strength were found between 
the different organizational characteristics.”80

Worse still, because the sharp lines between stages blur so badly 
in the real world, it can be hard to know when empirical data have 
actually falsified any specific stage theory. in one case, contributors 
to the same conference volume reached diametrically opposed con-
clusions on whether population density and settlement size corre-
late positively with political systems.81

some archaeologists tried to clarify matters by splitting service’s 
four original stages into subtypes,82 or suggesting that chiefdoms 
and states represent alternative paths of development, not successive 
stages. service himself responded to the messiness by proposing a 
simpler “great divide,” before which “primitive societies were seg-
mented into kin groups that were egalitarian in their relations to 
each other,” and after which “some of them became hierarchical, 
controlled and directed by a central authoritative power—a power 
instituted as a government.”83 Most archaeologists, however, moved 
in the opposite direction, increasingly thinking of stages as mere 
shorthand descriptions or ideal types superimposed for heuristic 
purposes on a reality of continuous change.84
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society

alongside challenges to the coherence of the stages into which theo-
rists had bundled societies came challenges to the coherence of “so-
ciety” itself.

sociologists have long insisted that “societies” are groups consti-
tuted through practice, not unitary systems. People may define their 
societies in ethnic, political, religious, cultural, or other terms, and 
generally belong to several societies at once, choosing between them 
(or being chosen) depending on context. Michael Mann calls societ-
ies “confederal, overlapping, intersecting networks,” and Giddens 
speaks of “social systems which ‘stand out’ in bas- relief from a 
background of a range of other systemic relationships in which they 
are embedded. they stand out because definite structural principles 
serve to produce a specifiable overall ‘clustering of institutions’ 
across time and space.”85

anthropologists share these concerns. Criticizing what they call 
“the stereotypical ‘among the so- and- so’ mold” of thinking that 
dominated ethnography through most of the twentieth century, 
akhil Gupta and James ferguson argue that

whatever associations of place and culture exist must be taken as prob-
lems for anthropological research rather than the given ground that one 
takes as the point of departure; cultural territorializations (like ethnic 
and national ones) must be understood as complex and contingent re-
sults of ongoing historical and political processes. it is these processes, 
rather than pregiven cultural- territorial entities, that require anthropo-
logical study.86

the “societies” that sociologists analyze are often very different 
from the “cultures” that anthropologists study, and neither seems 
very like the clusters of artifact types that archaeologists commonly 
call “cultures” (in the classic definition, “polythetic set[s] of specific 
and comprehensive artefact types which consistently recur together 
in assemblages within a limited geographic area”).87

naroll recognized the problem and responded by coining a new 
term, the “cultunit,”88 which he divided into four types, varying on 
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two chronological scales, but this complicated idea won little sup-
port. if the unit of analysis is really so slippery, then the long- term, 
large- scale comparisons that are the staple of social evolutionism 
seem doomed to failure.

Quantification

Quantification is central to most approaches to social evolution, and 
half a century ago naroll and Carneiro were already wrestling with 
the fundamental problem of how to convert nominal into interval 
data. By the 1970s, however, the desire to reduce unique humans or 
historical situations to serial data that could be counted was itself 
being challenged. as shanks and tilley saw it, the “mathematiza-
tion” of the past was part of the evolutionists’ hidden agenda of le-
gitimizing Western domination: the mistaken assumption behind 
mathematization, they argued, was that when we quantify, “[w]e re-
discover our essentially mathematical selves, and in our obsession 
with immediacy and factuality discover the inevitability of the pres-
ent being as it is; it becomes objectively necessary.”89

in a classic essay, the sociologist Mark Granovetter once sug-
gested that social scientists are pulled in two opposite directions. 
one leads toward “over- socialization” of the social sciences’ subject 
matter, embedding every problem in so much context and allowing 
so much scope for competing constructions and subversions of 
meaning that no solution is possible; the other, toward “under- 
socialization,” wrenching details out of the context that gives them 
meaning and therefore finding only superficial answers.90

the challenge, of course, is to find the best possible balance be-
tween abstraction and immediacy. different disciplines tend to favor 
different points on the spectrum, with anthropology and history 
perhaps moving furthest toward oversocialization and economics 
and psychology furthest toward undersocialization. if Peter turchin 
(quoted earlier in this chapter) is right that “a discipline usually ma-
tures only after it has developed mathematical theory,” social evolu-
tionism requires more (and more sophisticated) quantification; if 
shanks and tilley and those who share their views are right, mathe-
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matization and social evolutionism are simply extreme versions of 
undersocialization.

ConClusion

this is a formidable set of criticisms. if they are justified, the spen-
cerian tradition of social evolutionism—and with it, any hope of 
using a social development index to answer the why- the- West- rules 
question—would seem to be fatally flawed.

there has been no shortage of evolutionists ready to defend the 
tradition against its critics.91 in this book, though, i want to take a 
different tack. it seems to me that many of the criticisms raised in 
the past half century are quite justified, and deserve to be taken seri-
ously; but that does not mean that the 1980s to 1990s trend toward 
abandoning social evolutionism altogether was also justified. in 
chapter 2, i try to show if we take the criticisms seriously, it is pos-
sible to build a more focused and robust kind of index that avoids 
many of the shortcomings of neo- evolutionist theory and really can 
provide the tools that show us what we need to explain if we are to 
know why the West rules—for now.
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CHaPter 2

methods and assumPtIons

in CHaPter 1, i suGGested tHat tHe Best Way to re-
solve the two- century- old debate about why the West rules is by 
building a social development index, because this will allow us to 
compare Western with non- Western development over long peri-
ods. only when we have identified the shape of the history that 
needs to be accounted for will we be able to come up with better 
explanations for why the West rules.

i then looked at research on social evolution since the 1850s  
and the criticisms leveled against the most recent version, neo- 
evolutionism, since the 1970s. in this chapter, i describe a social de-
velopment index that seems to me to respond to the most serious 
criticisms of evolutionism without losing sight of the central goal of 
being able to measure and compare social development across time 
and space.

My approach depends on nine core assumptions. i begin by de-
scribing them, and then go on to explain how my social develop-
ment index works. i close the chapter by explaining why i think this 
index improves on twentieth- century neo- evolutionist indices.

Core assuMPtions

i make nine basic assumptions, which require varying amounts of 
discussion.
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1. Quantification

social development is not a useful concept unless it is quantifiable. 
Historians have argued for generations over the relative merits of 
quantitative and qualitative approaches, and i will not rehash these 
increasingly sterile debates.1

i do not assume that quantitative approaches are somehow  
more objective than qualitative ones; judgment calls and potentially 
arbitrary distinctions must always be made, whether we count or 
whether we describe. Chapters 3– 6 describe the most important 
such calls and distinctions i have made.

that said, quantitative approaches should be more explicit than 
qualitative ones, since the act of quantification forces the analyst to 
focus on these decisions and to formulate reasons for choosing one 
option rather than another. if we do not approach social develop-
ment quantitatively, the debate will continue to be bogged down in 
a definitional morass. the goal must be a numerical index of social 
development, allowing direct comparisons between different parts 
of the world and different periods of history.

2. Parsimony

although no one has ever managed to trace the quotation back to a 
primary source, albert einstein is supposed to have said that “in sci-
ence, things should be made as simple as possible, but no simpler.” 
this, i assume, must be the goal in studying social development, but 
not all humanists share this assumption. (nor, for that matter, do all 
scholars who call themselves social scientists.)

academics often suggest that the goal of scholarship should be to 
add complexity to our understanding of the world. there are cer-
tainly many questions— particularly in cultural studies— that call 
for methods that complicate our perceptions and add nuance, even 
at the cost of clarity, but in discussions of why the West rules the 
main problem has generally been too much complexity, obscuring 
the central issues in masses of detail. analysis has run into the classic 
problem of not being able to see the wood for the trees.
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3. traits

operationalizing a broad concept like social development requires 
us to break it down into smaller, directly measurable units. follow-
ing the model of the united nations Human development index,2 i 
have tried to identify the minimum number of concrete traits that 
cover the full range of criteria in the formal definition of social de-
velopment. no trait list can ever be perfect, but the challenge is to 
select the optimal set— that is, a set that would fail einstein’s sim-
plicity test if we were to add more traits, because that would make 
things unnecessarily complex, or if we were to subtract traits, be-
cause the list would then no longer cover the full range of elements 
in the definition and would oversimplify things.

the first Human development index, or Hdi, was designed in 
1990 by the economist Mahbub ul Haq with the aim of shifting de-
velopment economists’ focus from national income accounting to-
ward human well- being.3 Working with amartya sen and a team of 
united nations economists, ul Haq crafted the Hdi to provide a 
single score that would tell development officers how well each coun-
try was doing in enabling its citizens to fulfill their innate potential.

the Hdi uses three traits: life expectancy at birth (e0), knowl-
edge and education (with adult literacy rates accounting for two- 
thirds of the score and enrollment in schools and universities for the 
other one- third), and standards of living (gross domestic product 
per capita [GdP/cap] measured in u.s. dollars at purchasing power 
parity [PPP] rates). the un Human development Programme 
constantly revises its calculation methods, and made particularly 
large changes in 2011. it provides a convenient calculator for gener-
ating scores.4

the Hdi has been criticized for everything from its selection of 
traits, errors in the underlying data, and the way it weights educa-
tion and income to its neglect of ecology and morality,5 but it has 
nevertheless proved extremely useful and is very widely used.

Human development is different from social development as i 
defined it in chapter 1 above, but the basic principle of identifying a 
manageably small number of quantifiable traits is transferable. Great 
differences of course remain between the Hdi and my social devel-
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opment index, most obviously the fact that each published Hdi is a 
synchronic snapshot. it could, up to a point, be used to measure 
change through time by simply comparing a single country’s score 
in each annual report, but because the maximum possible score is 
always 1.0, the Hdi does better at charting a nation’s relative posi-
tion within the world at a single point in time than at measuring 
diachronic changes in development levels.

in sum, although the Hdi has very different aims from my social 
development index, the principle underlying it— that a small num-
ber of quantifiable traits can act as proxies for a much broader con-
cept— is an excellent starting point.

4. the Criteria for a useful trait

there has been much discussion within the social sciences of how to 
select good traits, and most accounts focus on six criteria:6

 i. the trait must be relevant: that is, it must tell us something 
about social development as i defined it in chapter 1.

 ii. the trait must be culture independent. We might, for ex-
ample, think that the quality of literature and art are useful 
measures of social development, but judgments in these 
matters are notoriously culture bound.

 iii. traits must be independent of each other— if, for instance, 
we use the number of people in a state and the amount of 
wealth in that state as traits, we should not use per capita 
wealth as a third trait, because it is a product of the first 
two traits.

 iv. the trait must be adequately documented. this is a real 
problem when we look back thousands of years because 
the evidence available varies so much. especially in the dis-
tant past, we simply do not know much about some poten-
tially useful traits.

 v. the trait must be reliable, meaning that experts more or 
less agree on what the evidence says.

 vi. the trait must be convenient. this may be the least impor-
tant criterion, but the harder it is to get evidence for some-
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thing or the longer it takes to calculate results, the less use-
ful that trait is.

5. focusing on east and West rather  
than the Whole World

a genuinely global survey of social development, reviewing in as 
much detail as possible every region of the world, would be very 
welcome. it would, however, require an enormous amount of work, 
and would in fact be rather a blunt tool for explaining why the West 
rules, failing the parsimony test by adding unnecessary complexity.

the central question in the why- the- West- rules debate is whether 
Western social development has been higher than development in 
the rest of the world since the distant past or whether the West has 
only scored higher in recent times. to answer that, we do not need 
to examine the social development of every region in equal detail. 
for reasons discussed in Jared diamond’s Guns, Germs, and Steel 
and in chapter 2 of Why the West Rules— For Now,7 at the end of the 
most recent ice age, around 13,700 BCe, social development began 
rising faster in a small group of societies in the “lucky latitudes” 
(roughly 20– 35° north in the old World and 15° south to 20° north 
in the new; figure 2.1) than anywhere else on earth.
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the only parts of the world that could plausibly have produced 
rivals to the West in the past few hundred years are those that devel-
oped from cores in the new World, south asia, and east asia, 
which, at the end of the last ice age, had the densest concentrations 
of potentially domesticable plants and animals; and in reality, the 
only regions that have scored higher on social development than the 
West since the end of the last ice age have been in east asia. follow-
ing the principle of parsimony, i therefore focus on east- West 
comparisons.

6. the Meaning of east and West

one of the greatest difficulties in explaining why the West rules has 
been the tendency of different scholars to define “the West” in dif-
ferent ways, reducing the debate to a definitional impasse. the his-
torian norman davies has counted no fewer than twelve distinct 
definitions in the academic literature, united only by what he calls 
their “elastic geography.” the West, davies concludes, “can be de-
fined by its advocates in almost any way that they think fit,” with 
the result that “Western civilization is essentially an amalgam of in-
tellectual constructs which were designed to further the interests of 
their authors.”8

the problem, davies points out, is that historians have tended to 
start from some value that they like to associate with Westernness— 
democracy, say, or Christianity, or science, or freedom— and then 
identify a group of countries that seem to share this value. they then 
normally compare this set of countries to a set of “non- Western” 
countries that they define as lacking this value, and suggest an expla-
nation for the difference. the difficulty is that rival historians can 
simply identify some other value as being the essence of the West, 
producing a different set of countries that exemplify it and a differ-
ent comparison set, coming— naturally— to different but equally self- 
 serving conclusions.

to avoid this kind of ethnocentrism, i make a very different as-
sumption. rather than starting with some value that i think of as 
Western and tracing it backward in time, i start at the beginning of 
the story and look forward. radically different regional lifestyles 
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only really began to develop after the end of the last ice age, when 
some groups began domesticating plants and animals while others 
continued to make their living from foraging.9 as i explain in chap-
ter 2 of Why the West Rules— For Now,10 i define the “West” as the 
societies that have developed and spread through a combination of 
colonization and emulation from the westernmost original core of 
domestication in eurasia, in the headwaters of the euphrates and 
tigris rivers.

Within this area, domestication drove rising population, which 
simultaneously pushed social development upward and pushed peo-
ple outward. By 4000 BCe “the West” had grown to include much 
of continental europe, what is now egypt, the western edge of what 
is now iran, and some of the oases of Central asia (figure 2.2). By 
the first millennium Ce it had expanded still more to include the 
whole of what we now call europe, and in the second millennium 
Ce europeans carried it to the americas, australasia, and the coasts 
of africa.
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similarly, when i refer to the “east” i mean those societies that 
have developed and spread— again, through a combination of colo-
nization and emulation— from the easternmost original core of do-
mestication in eurasia, between the yellow and yangzi rivers. as in 
the West, domestication drove rising population, which simultane-
ously pushed social development upward and pushed people out-
ward. By 2000 BCe “the east” had grown to include much of what 
we now call southeast asia. By 1500 BCe it included the modern 
Philippines and Korea (figure 2.3), and in the first millennium Ce 
incorporated Japan too.

this way of defining “east” and “West,” as the societies that 
have developed out of the easternmost and westernmost cores of 
domestication in eurasia, seems to me a matter of common sense. 
it also has the great merits of allowing us to apply consistent con-
cepts to the long run of human history and of avoiding the ideo-
logical extremes that dog so much of the debate about why the 
West rules.

7. Chronological intervals of Measurement

one of the main goals of the social development index is to measure 
change through time, so the index must have a diachronic dimen-
sion. i begin my scoring in 14,000 BCe, near the end of the last ice 
age, and continue through to 2000 Ce, which not only provides a 
convenient end point but also allows us a few years to see how the 
trends have continued to play out.

following the principle of parsimony, i assume that social devel-
opment scores should be calculated at chronological intervals short 
enough to illustrate the broad pattern of change but no shorter. in 
prehistory, dating techniques often involve very broad margins of 
error, but the rate of social change was often very slow. even if we 
had good enough evidence to distinguish between social develop-
ment in (say) 12,000 BCe and 11,900 BCe, the difference would 
probably be too small to measure.

i therefore use a sliding interval. from 14,000 through 4000 BCe, 
i measure social development every thousand years. from 4000 
through 2500 BCe the quality of evidence improves and change ac-
celerates, so i measure every 500 years. i reduce this to every 250 
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years between 2500 BCe and 1500 BCe, and finally measure every 
century from 1400 BCe through 2000 Ce. in the twentieth century 
Ce the quality of data would allow us to trace changes just year- by- 
year or even (at least in the second half of the century) month- by- 
month if we wanted to, but this level of precision does little to an-
swer the question of why the West rules while adding enormously 
to the effort of quantification, violating criterion 6 under assump-
tion 4 above.
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one downside of this approach is that prehistoric change is  
inevitably smoothed out. it does seem to be true that over the  
long run, development changed much more slowly in the first few 
thousand years after the end of the ice age than in the past few 
hundred, but on the rare occasions that prehistoric archaeological 
remains can be dated very accurately (e.g., among lake villages in 
the french alps, dated by dendrochronology within margins of 
error of just a few years),11 it is clear that these long waves conceal 
many shorter cycles. at present, there seems to be no way around 
this problem.

8. units of analysis

in his landmark book The Great Divergence, the historian Kenneth 
Pomeranz points out that historians eager to promote the primacy 
of europe often make the elementary error of comparing the most 
developed parts of early modern europe, such as Britain and the 
netherlands, with the whole of China, and then concluding that eu-
rope was more developed in the eighteenth or even the seventeenth 
century.12 Comparing inappropriate regions produces meaningless 
results (which was why, as mentioned in chapter 1, naroll proposed 
replacing archaeologists’ and anthropologists’ normal units of com-
parison with his own more abstract “cultunit”).13 it is therefore cru-
cial that we examine social development in comparable and appro-
priate spatial and temporal units.

one solution would be to take the whole of the eastern and 
Western zones as defined above as our analytic units, although that 
would mean that the Western score for, say, 1900 Ce would bundle 
together industrialized england with russia’s serfs, Mexico’s peons, 
and australia’s ranchers. We would then have to calculate an average 
development score for the whole Western region, then do it again 
for the east, and repeat the process for every earlier point in history. 
this would get so complicated as to become impractical, violating 
rule 6 in the discussion of criteria for good traits; and it would prob-
ably be rather pointless anyway. When it comes to explaining why 
the West rules, the most important information will normally come 
from comparing the most highly developed parts of each region, the 
cores that were tied together by the densest political, economic, so-



MetHods and assuMPtions × 35

cial, and cultural interactions. an index of social development needs 
to measure and compare changes within these cores.

these core areas have shifted and changed considerably across 
time (figure 2.4). the Western core was geographically very stable 
from 11,000 BCe until about 1400 Ce, remaining firmly at the east 
end of the Mediterranean sea except for the five hundred years be-
tween about 250 BCe and 250 Ce, when the roman empire drew it 
westward to include italy. otherwise, it always lay within a triangle 
between what are now iraq, egypt, and Greece. since 1400 Ce it has 
moved relentlessly north and west, first to northern italy, then to 
spain and france, then broadening to include Britain, the low 
Countries, and Germany. By 1900 Ce it straddled the atlantic, and 
by 2000 Ce it was firmly planted in north america.

in the east the core remained in the original yellow- yangzi river 
zone right up until 1850 Ce, although its center of gravity shifted 
northward toward the yellow river’s Central Plain after about 4000 
BCe, back south to the yangzi valley after 500 Ce, and gradually 
north again after 1400 Ce. it expanded to include Japan by 1900 Ce 
and southeast China too by 2000 Ce.

there will inevitably be disagreement between specialists over 
the precise boundaries of the eastern and Western cores at any given 
moment in time; i indicate approximately the areas i treat as the 
cores in table 2.1.
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table 2.1 
Western and eastern core regions, 14,000 BCe–2000 Ce 

The West

14,000 BCe Hilly flanks (sW asia)
13,000 BCe Hilly flanks (sW asia)
12,000 BCe Hilly flanks (sW asia)
11,000 BCe Hilly flanks (sW asia)
10,000 BCe Hilly flanks (sW asia)
9000 BCe Hilly flanks (sW asia)
8000 BCe Hilly flanks (sW asia)
7000 BCe Hilly flanks (sW asia)
6000 BCe Hilly flanks (sW asia)
5000 BCe Hilly flanks (sW asia)
4000 BCe Mesopotamia (sW asia)
3500 BCe Mesopotamia (sW asia)
3000 BCe egypt (ne africa)
2500 BCe egypt (ne africa), Mesopotamia (sW asia)
2250 BCe egypt (ne africa), Mesopotamia (sW asia)
2000 BCe egypt (ne africa), Mesopotamia (sW asia)
1750 BCe egypt (ne africa), Mesopotamia (sW asia)
1500 BCe egypt (ne africa), Mesopotamia (sW asia)
1400 BCe egypt (ne africa), Mesopotamia-anatolia (sW asia)
1300 BCe egypt (ne africa), Mesopotamia-anatolia (sW asia)
1200 BCe egypt (ne africa)
1100 BCe egypt (ne africa)
1000 BCe egypt (ne africa)
900 BCe assyria-Mesopotamia (sW asia)
800 BCe assyria-Mesopotamia (sW asia)
700 BCe assyria-Mesopotamia (sW asia)
600 BCe egypt (ne africa), Mesopotamia (sW asia)
500 BCe Persian empire (sW asia)
400 BCe Persian empire-aegean (sW asia–ne africa–se 

europe)
300 BCe Hellenistic kingdoms (sW asia–ne africa–se 

europe)
200 BCe Mediterranean basin (sW asia–ne africa–se 

europe)
100 BCe Central Mediterranean (s europe)
1 BCe/Ce Central Mediterranean (s europe)
100 Ce Central Mediterranean (s europe)
200 Ce Central Mediterranean (s europe)
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table 2.1 (continued)

The West (cont.)

300 Ce eastern Mediterranean (sW asia–ne africa–se 
europe)

400 Ce eastern Mediterranean (sW asia–ne africa–se 
europe)

500 Ce eastern Mediterranean (sW asia–ne africa–se 
europe)

600 Ce eastern Mediterranean (sW asia–ne africa–se 
europe)

700 Ce egypt (ne africa), syria-iraq (sW asia)
800 Ce egypt (ne africa), syria-iraq (sW asia)
900 Ce egypt (ne africa), spain (sW europe)
1000 Ce Mediterranean basin (sW asia–n africa–s europe)
1100 Ce Mediterranean basin (sW asia–n africa–s europe)
1200 Ce Mediterranean basin (sW asia–n africa–s europe)
1300 Ce Mediterranean basin (sW asia–n africa–s europe)
1400 Ce Mediterranean basin (sW asia–n africa–s europe)
1500 Ce atlantic littoral (W europe)
1600 Ce atlantic littoral (W europe)
1700 Ce france, Britain, netherlands (nW europe)
1800 Ce france, Britain (nW europe)
1900 Ce Germany, france, Britain, usa (n europe, n 

america)
2000 Ce usa (n america)

The east

14,000 BCe yellow-yangzi river valleys (China)
13,000 BCe yellow-yangzi river valleys (China)
12,000 BCe yellow-yangzi river valleys (China)
11,000 BCe yellow-yangzi river valleys (China)
10,000 BCe yellow-yangzi river valleys (China)
9000 BCe yellow-yangzi river valleys (China)
8000 BCe yellow-yangzi river valleys (China)
7000 BCe yellow-yangzi river valleys (China)
6000 BCe yellow-yangzi river valleys (China)
5000 BCe yellow-yangzi river valleys (China)
4000 BCe yellow-yangzi river valleys (China)
3500 BCe yellow-yangzi river valleys (China)
3000 BCe yellow-yangzi river valleys (China)
2500 BCe yellow-yangzi river valleys (China)
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table 2.1 (continued)

The east (cont.)

2250 BCe yellow-yangzi river valleys (China)
2000 BCe yellow river valley (China)
1750 BCe yellow river valley (China)
1500 BCe yellow river valley (China)
1400 BCe yellow river valley (China)
1300 BCe yellow river valley (China)
1200 BCe yellow river valley (China)
1100 BCe yellow river valley (China)
1000 BCe yellow river valley (China)
900 BCe yellow river valley (China)
800 BCe yellow river valley (China)
700 BCe yellow river valley (China)
600 BCe yellow river valley (China)
500 BCe yellow-yangzi river valleys (China)
400 BCe yellow-yangzi river valleys (China)
300 BCe yellow-yangzi river valleys (China)
200 BCe yellow-yangzi river valleys (China)
100 BCe yellow-yangzi river valleys (China)
1 BCe/Ce yellow-yangzi river valleys (China)
100 Ce yellow-yangzi river valleys (China)
200 Ce yellow-yangzi river valleys (China)
300 Ce yangzi river valley (China)
400 Ce yangzi river valley (China)
500 Ce yangzi river valley (China)
600 Ce yellow-yangzi river valleys (China)
700 Ce yellow-yangzi river valleys (China)
800 Ce yellow-yangzi river valleys (China)
900 Ce yangzi river valley (China)
1000 Ce yellow-yangzi river valleys (China)
1100 Ce yellow-yangzi river valleys (China)
1200 Ce yellow-yangzi river valleys (China)
1300 Ce yellow-yangzi river valleys (China)
1400 Ce yellow-yangzi river valleys (China)
1500 Ce yellow-yangzi river valleys (China)
1600 Ce yellow-yangzi river valleys (China), Japan
1700 Ce yellow-yangzi river valleys (China)
1800 Ce yellow-yangzi river valleys (China)
1900 Ce Japan
2000 Ce eastern China, Japan
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9. approximation and falsification

i take it for granted that there is no such thing as an index that is 100 
percent accurate, whether we interpret “accurate” in a strong sense, 
meaning that every single detail is absolutely correct, or a weaker 
sense, meaning that all experts will make exactly the same estimates, 
even if they cannot prove that these estimates are correct. in all his-
torical scholarship there is little we can be completely sure about 
and even less that experts will agree on. there is therefore no point 
in asking whether the social development scores i calculate are cor-
rect. of course they are not. the only meaningful question is, how 
incorrect are they? are they so wrong that i have misidentified the 
basic shape of the history of social development, meaning that my 
explanation for why the West rules is fatally flawed? or are the er-
rors in fact relatively trivial?

there are two main ways to address these questions. one is to 
assume that i have made systematic errors, pervasively overestimat-
ing the Western and underestimating the eastern scores (or vice 
versa), then to ask (1) how much we would need to change the scores 
to make the past look so different that the arguments advanced in 
Why the West Rules— For Now would cease to hold good and (2) 
whether such changes are plausible. i address these questions in 
chapter 7.

the other way is to assume that the errors are unsystematic, over-  
or underestimating both the eastern and Western scores in random, 
unpredictable ways. the only way to address errors of this kind is to 
work through the evidence on which i base my individual scores, 
which i present in detail in chapters 3– 6.

MetHods of CalCulation: trait seleCtion

the first challenge is to find the minimum number of traits that ful-
fill the six criteria listed under assumption 4 above. after trying sev-
eral permutations, i settled on four traits: (a) energy capture per per-
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son, (b) social organization, (c) information technology, and (d) 
war- making capacity.

a. energy capture must be the foundation for any usable measure 
of social development. newton’s second law of thermodynamics 
tells us that complex arrangements of matter break down over time 
without the input of additional energy from their environment. 
Without capturing energy, humans (like plants and other animals) 
die. similarly, unless they take up energy from their environments, 
the societies humans have created break down. to increase their 
mastery of their physical and intellectual environments and get 
things done, groups of people have to increase their energy capture.

However, energy capture alone is not adequate to measure every-
thing that is important to social development. even the most reduc-
tionist definition of culture that i know of, leslie White’s C = e × T 
(chapter 1 above; culture = energy × technology), took it for granted 
that measuring the ways people use the energy they capture is as 
important as measuring the energy itself. White’s category of “tech-
nology,” however, strikes me as too loose and too difficult to quan-
tify, so i have subdivided it into three further traits.

b. Social organization is the first of these. this concept inevitably 
overlaps to a considerable degree with spencer’s notion of differen-
tiation, but to sidestep the endless debates over definition and mea-
surement that i mentioned in chapter 1, i have borrowed a trick 
from economists and used the population size of the largest perma-
nent settlement within a society as a rough proxy measure of organi-
zational capacity.14

this might seem like an odd strategy. some of the biggest cities in 
the world today are dysfunctional nightmares, riddled with crime, 
squalor, and disease. But that, of course, has been true of most big 
cities throughout history. rome had a million residents in the first 
century BCe; it also had street gangs that regularly brought govern-
ment to a halt and death rates so high that more than a thousand 
country folk had to migrate into rome every month just to maintain 
its numbers.15 yet for all rome’s foulness, the organization needed 
to keep the city going was vastly beyond anything that any earlier 
society in the world could have managed— just as running lagos 
(population 11 million) or Mumbai (population 19 million), let alone 
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tokyo (population 35 million), calls for organization far beyond the 
roman empire’s capabilities.

this is why social scientists regularly use urbanism as an approx-
imate measure of organizational capacity. there are several ways to 
do this. We might calculate the proportion of a society’s population 
that lives in settlements over a certain size (ten thousand people is a 
popular cut- off point), or we might classify settlements into differ-
ent ranks, and count how many ranks each society has. the method 
i have chosen, however, is simply to count the number of people in 
the largest permanent settlement in the east and the largest settle-
ment in the West. i have chosen this approach (a) because it seems 
the best suited to the kinds of evidence we have to use if we are 
going to take the study all the way back to 14,000 BCe and (b) be-
cause i know of no studies showing that this method is any less use-
ful than more complicated alternatives.

c. Information technology is the next indispensable element in the 
use of energy. as social development increases, people have to pro-
cess and communicate prodigious amounts of information. no soci-
ety can develop very far without systems for writing and counting; 
to go further still, it needs increasingly sophisticated media for stor-
ing and transmitting this information and institutions to impart the 
skills of literacy and numeracy to more and more people.

d. finally, war- making capacity is a crucial part of social develop-
ment. like plants and all other animals, humans must compete as 
well as cooperate if they are to survive; and, having evolved as a so-
cial species, humans (like ants and chimpanzees) regularly direct 
part of their cooperative activities toward competing violently as 
groups against other rival groups.16 Weapons and fortifications are 
prominent in the archaeological record, and descriptions of wars 
and battles fill the written sources in most cultures once information 
technology has reached the stage that this kind of detail can be 
stored.

these four traits do not add up to a comprehensive picture of 
social development across the last sixteen thousand years, any more 
than the united nations’ traits of life expectancy, education, and 
income tell us everything we might want to know about human de-
velopment. their function is more limited: they just need to give us 
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a usable snapshot of social development, revealing the patterns that 
need to be explained if we are to know why the West rules.

nor do i claim that these four traits are the only ones that would 
do the job. i looked at several other possible traits, including popu-
lation sizes of the largest political units, scientific capacity, and broad 
measures of technological capacity, but none seemed to me to per-
form as well on the criteria listed under assumption 4 as energy cap-
ture, organization, information technology, and war- making capac-
ity. that said, there does seem to be considerable redundancy among 
the traits, suggesting that any bundle of traits that relates well to the 
core concept of social development is likely to produce rather simi-
lar sets of scores.

CalCulatinG sCores

the greatest challenge for any index is of course deciding how to as-
sign points to the traits. in order to keep things simple, i decided to 
make one thousand points the maximum possible score by the year 
2000 Ce, the endpoint of the index. However, this cap works very 
differently from the maximum possible score of 1.0 in the united 
nations’ Human development index. in the un index, 1.0 repre-
sents some kind of perfection, meaning that it will never be possible 
for a society to score higher than 1.0. in my social development 
index, by contrast, one thousand points is simply the highest score 
possible in the year 2000 Ce. in the dozen years that have passed 
between the end of the index and writing these words, Western de-
velopment scores have continued to rise, and have already passed 
one thousand points. if eastern and Western development continue 
to rise at twentieth- century rates, by the end of the twenty- first cen-
tury both will have reached five thousand points; and if the rate of 
increase accelerates beyond twentieth- century rates, which seems to 
be what is happening, both scores will be higher still in 2100.

the economists who designed the united nations’ Human de-
velopment index came up with an elaborate weighting system, nor-
malizing the scores on their three traits and then calculating the geo-
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metric mean of the combined scores. By contrast, when naroll 
published his original social development index back in 1956, he as-
signed equal weight to each of his three traits, if only, he explained, 
“because no obvious reason appeared for giving one [trait] any more 
weight than another.”17

there will always be scope to argue over the merits of different 
weightings,18 and i return to this question in chapter 7, but naroll’s 
approach seems more relevant here than the united nations’. even 
if good reasons could be identified to weight one trait more heavily 
than another, there would be no grounds to assume that the same 
weightings would hold good across the whole sixteen thousand 
years under review, or that they would apply equally to east and 
West throughout.

i therefore divide my one thousand points equally among the 
four traits. this means that the society that has the highest value on 
record for that particular trait picks up 250 points for the period in 
which it attains that level (which, in every case, is the year 2000 Ce), 
with other societies getting proportionately lower numbers of 
points for lower values. i go into detail about the evidence, the defi-
nitional issues, and how i have calculated the scores on each trait in 
chapters 3– 6, but i give a brief concrete example here to illustrate the 
mechanics of the scoring system. i will take the case of organization, 
measured through the proxy of the size of the largest settlement (see 
“Methods of Calculation,” section b, above), because it is probably 
the most straightforward of the traits.

Most geographers classify tokyo in 2000 Ce as the biggest city 
known from the period 14,000 BCe– 2000 Ce, with about 26.7 mil-
lion residents. tokyo in 2000 Ce, then, scores the full 250 points 
allotted to organization/urbanism, meaning that each 106,800 peo-
ple (that is, 26.7 million divided by 250) scores 1 point on the index. 
the biggest city in the Western core in 2000 Ce was new york, with 
16.7 million people; at 106,800 people per point, new york scores 
156.37 points.

the data for 1900 Ce are not as good, but all historians agree that 
cities were much smaller. in the West, london had about 6.6 million 
residents (scoring 61.80 points) in 1900 Ce, while in the east tokyo 
was again the greatest city, but with just 1.75 million people, earning 
16.39 points.
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By the time we get back to 1800 Ce, historians have to combine 
several different kinds of evidence, including records of food supply 
and tax payments, the physical area covered by cities, the density of 
housing within them, and anecdotal accounts, but most conclude 
that Beijing was at this time the world’s biggest city, with perhaps 
1.1 million souls (10.30 points). the biggest Western city was again 
london, with about 861,000 people (8.06 points).

the further we push back in time, the broader the margins of 
error, but for the thousand years leading up to 1700 Ce the biggest 
cities were clearly Chinese (with Japanese ones often close behind). 
first Chang’an, then Kaifeng, and later Hangzhou came close to or 
passed a million residents (around 9 points) between 800 and 1200 
Ce. Western cities, by contrast, were never more than half that size 
(and the biggest Western cities were usually in the Muslim areas of 
southern europe and southwest asia rather than in Christian 
northern and Western europe). a few centuries earlier, this situa-
tion was reversed: in the first century BCe rome’s million residents 
undoubtedly made it the world’s metropolis, while Chang’an in 
China had probably half a million citizens.

as we move back into prehistory the evidence of course becomes 
fuzzier still and the numbers become much smaller. However, the 
combination of systematic archaeological surveys and detailed exca-
vation of smaller areas still gives us a reasonable sense of city sizes. 
this is very much chainsaw art, but while the most commonly ac-
cepted estimates might be as much as 10 percent off, they are un-
likely to be much wider of the mark than that; and since we are ap-
plying the same methods of estimation to eastern and Western sites, 
the broad trends should be fairly reliable.

Because it requires 106,800 people to score 1 point for organiza-
tion, slightly over one thousand people will score 0.01 points, the 
smallest number i felt was worth entering on the index. the biggest 
Western villages reached this level around 7500 BCe and the biggest 
eastern ones around 3500 BCe. Before these dates, West and east 
alike score zero (see chapter 4).

the scores for the other three traits are calculated in similar ways: 
i (a) identify the society with the highest score on this dimension of 
life (e.g., for energy capture, the united states in 2000 Ce, where 
each citizen on average burned through some 228,000 kcal of energy 
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per day), (b) assign that society the full score of 250 points, (c) cal-
culate the performance needed to earn one point (for energy cap-
ture, 228,000 divided by 250 equals 912 kcal per capita per day per 
point), (d) estimate values on this trait for each society at different 
dates through history, and (e) divide these estimates by the denomi-
nator needed to turn them into scores on the index. after calculat-
ing the scores on each trait for the whole period between 14,000 
BCe and 2000 Ce, i simply add the four traits together for produce 
a series of social development scores for each region. this allows us 
to compare social development through time between different 
parts of the world.

MaJor oBJeCtions

Based on the debates over neo- evolutionism reviewed in chapter 1, 
it seems to me that there are four major charges that might be leveled 
against my methods. i will say a few words about each, explaining 
why none of these objections strikes me as being fatal.

1. Quantifying and comparing social development in different 
times and places dehumanizes people, and we should therefore not 
do it.

this was one of the most influential arguments in the turn against 
neo- evolutionism in anthropology and sociology in the 1970s and 
1980s, and similar ideas won many followers among historians too. 
However, it is the least impressive of the objections that might be 
raised because its force largely evaporates as soon as we recognize 
that different questions require us to work at different levels of 
abstraction.

By the late 1980s, scholars in many fields had come to feel that 
the highly abstract categories of neo- evolutionism, neoclassical eco-
nomics, and cognate approaches left too much unexplained, and 
they quite reasonably turned to other ways of thinking that seemed 
to do a better job of answering the questions they found interesting. 
Many sociologists, for instance, dropped differentiation and utility 
in favor of habitus and structuration as organizing concepts, and 
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even demography and economics, the social sciences most firmly 
committed to quantification and abstraction, had their own post-
modern turns.19

i certainly found this to be true in my own research. after draw-
ing on neo- evolutionary and comparative frameworks in the mid- 
1980s to make sense of social change in iron age Greece,20 the limi-
tations of these approaches became increasingly obvious. some of 
the most important dimensions of ancient Greek society, such as its 
combination of radical male democracy with large- scale chattel slav-
ery, fit awkwardly with schemes like those of service, Parsons, and 
fried, which made democracy a correlate of advanced modern 
states.21 far from explaining where Greek democracy came from, 
assigning Greece a score on a social development index seemed to 
make the task harder, by diverting attention away from the Greeks’ 
unique achievements.22

But this did not mean that social evolutionism and indices of so-
cial development were a waste of time; it meant just that other tools 
were needed to answer this specific question. a narrower, more par-
ticularist approach to ancient Greek society yielded many gains over 
comparative, evolutionary treatments; but this too had limits, above 
all its inability to explain the economic, military, and political growth 
that clearly drove the changes of the first millennium BCe. trying 
to make sense of these more material factors drew me back toward 
broadly evolutionary tools and the need to situate Greece within a 
global framework.23

asking why the West rules is a different kind of question from 
asking why some Greek city- states gave the vote to all adult male 
citizens. it is a grand comparative question, which requires us to 
range across thousands of years of history, look at millions of square 
miles of territory, and bring together billions of people. for this task 
an index of social development is exactly the tool we need.

2. Quantifying and comparing societies is a reasonable procedure, 
but social development in the sense I defined it (as societies’ abilities 
to get things done) is the wrong thing to measure.

this objection can be addressed more briefly. a critic who feels 
this way would need to show that there are other things we could 
measure and compare that would be more helpful for explaining why 
the West rules than social development in the sense i define it. i do 
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not know what these other things might be, so i leave it to the critics 
to identify them and to show that they yield more useful results.

3. Social development in the sense I defined it may be a useful way 
to compare regions through time, but the traits I use to measure it 
(energy capture, organization/urbanization, information technol-
ogy, and war- making capacity) are not the best ones.

as i see it, this objection could come in three forms:

i. We should add more traits to my four traits of energy cap-
ture, organization, war- making capacity, and information tech-
nology. But while there are certainly many traits we could exam-
ine, the principle of parsimony dictates that we should avoid 
adding more traits to the minimum set that covers the full range 
of what is meant by social development. a critic would need to 
show that my four traits in fact fail to cover one or more impor-
tant aspects of social development, and that covering these as-
pects would produce results different enough from those of my 
index to make the extra effort and complication worthwhile.

ii. We should use different traits. again, there are certainly 
other variables we could measure, but all the alternatives that i 
have examined perform poorly on various criteria, generally suf-
fering from serious empirical problems, culture dependence, or 
mutual overlap. as noted earlier, most traits in any case show 
high levels of redundancy through most of history, and any plau-
sible combination of alternative traits will tend to produce much 
the same final result.

iii. We should look at fewer traits. in view of the redundancy 
among the four traits, we might drop some of them, increasing 
parsimony. the obvious strategy might be to drop organization, 
war- making capacity, and information technology and concen-
trate only on energy capture, on the grounds that organization, 
war making, and information technology are merely ways of 
using energy.24 figure 2.5 shows what an energy- alone index 
would look like. it is different from figure 2.6, showing the 
scores produced by the full index, but not hugely so. in the 
energy- alone graph, just as in the full social development graph, 
the West still leads the east for 90 percent of the time since the 
late ice age; the east still overtakes the West between roughly 
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550 and 1750 Ce; there is still a hard ceiling that blocks develop-
ment around 100 and 1100 Ce (at just over 30,000 kcal per per-
son per day); post– industrial revolution scores still dwarf those 
of earlier ages; and in 2000 Ce the West still rules.

focusing on energy alone certainly has the advantage of increas-
ing parsimony, but it also has one great drawback. the four traits i 
use are not completely redundant, and since the industrial revolu-
tion began around 1800 Ce the relationship between energy cap-
ture and the other traits has become nonlinear. increases at the 
margins of energy capture have produced vastly greater increases in 
energy use in selected fields, because human energy use is highly 
elastic relative to energy capture. thanks to new technologies, city 
size quadrupled across the twentieth century, war- making capacity 
increased fiftyfold, and information technology surged eightyfold, 
while energy capture per person merely doubled. looking at en-
ergy alone fails einstein’s test by being too simple, and distorts the 
shape of history.
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4. These four traits are a good way to measure social development, 
but I have made factual errors and got the measurements wrong.
as noted in the discussion of approximation and falsification (as-
sumption 9), there are two main ways to address this objection. one 
is to assume that i have made systematic empirical errors, consis-
tently overestimating the Western and underestimating the eastern 
scores (or vice versa), then to ask (a) how much we would need to 
change the scores to make the past look so different that the argu-
ments advanced in Why the West Rules— For Now would cease to 
hold good and (b) whether such changes are plausible. i will argue in 
chapter 7 that there is good reason to think that think that this is not 
the case.

the other way to interpret the objection would be to assume that 
there are persistent but unsystematic empirical errors, over-  or un-
derstating the eastern and/or Western scores in random, unpredict-
able, and serious ways. the only way to address this danger is of 
course to work through the references provided in chapters 3– 6, 
checking the scores in the index against the evidence.
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ConClusion: tHe advantaGes of  
tHe soCial develoPMent index

the major claim i want to make for my social development index is 
that it reflects the criticisms of social evolutionism as much as the 
contributions made by the social evolutionists themselves. ever 
since spencer’s original essay,25 critics of social evolutionism have 
argued that in trying to explain everything, evolutionists often end 
up explaining nothing.

the critics are clearly correct that there is no such thing as a one- 
size- fits- all social development index. throughout the twentieth 
century, the sheer variety of topics that index makers wanted to sub-
sume within their frameworks tended to make operationalization 
impossible, and efforts to fix the problem often just made the situa-
tion worse. Carneiro’s solution, for instance, was to add more and 
more traits to his index, which ballooned from 8 categories in 1962 
to 618 in 1970, with no obvious end in sight.26

instead of trying to explain everything, the index offered here 
focuses on the single question of why the societies at the western 
end of eurasia came to dominate the world in the nineteenth cen-
tury, with their overseas colonies in north america displacing them 
in the twentieth.

this focus has three advantages. it makes it possible to (a) define 
the core concept of social development with this specific question in 
mind, (b) choose traits that speak directly to the core concept while 
remaining reasonably easy to operationalize, and (c) design the 
index in such a way that it can measure change through time.

these advantages allow me to avoid many of the difficulties that 
dogged the neo- evolutionist indices. the most significant of these 
may have been the intractable concept of differentiation, inherited 
from spencer, but almost impossible to put into practice. something 
along the lines of spencerian differentiation has to form part of any 
usable definition of social development or social evolution, and it 
does appear in my index as part of the broader trait of social organi-
zation, measured through the proxy of city size. However, the index 
offered here has no need to fall into the traps that McGuire identi-
fied in neo- evolutionist treatments of differentiation.27
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the index also avoids being wedded to any specific theory of so-
cial evolution (by contrast, say, to Carneiro’s scale analysis, which 
was explicitly tied to unilineal stage theories). it can be used equally 
well to measure whether all societies do indeed develop along the 
lines that Carneiro proposed or whether self- organized criticality is 
consistent with long- term, macroscale social change.

the methods described in this chapter also do something to re-
duce the unit- of- analysis problem that bedeviled so much twentieth- 
century social evolutionism. the approach described here allows a 
lot more flexibility in identifying a “core” area within the east and 
another within the West, defined by higher levels of social develop-
ment than the peripheral areas around them.

this works well for the trait of social organization, measured 
along the proxy variable of city size, although it does not altogether 
resolve the unit- definition problem for energy capture, information 
technology, and war- making capacity. on these traits it remains 
possible to define a core tendentiously, deliberately combining high-  
and low- scoring areas to produce artificially low overall scores.

in Why the West Rules— For Now,28 i call this the “Pomeranz 
Problem,” after the observation of historian Kenneth Pomeranz 
(mentioned earlier in this chapter) that historians who believe that 
europe was already more developed than China well before the in-
dustrial revolution often try to make their point by an inappropriate 
comparison between a small, developed core in europe— usually 
consisting of england and the low Countries— and the whole of 
China. a more appropriate comparison, Pomeranz observes, would 
be between england and the yangzi delta, or between the whole of 
China and the whole of europe.29

the main way my index responds to the Pomeranz Problem is by 
forcing analysts to be explicit. table 2.1 spells out exactly which re-
gion is being counted as the core in each region at each point in time, 
allowing critics to challenge the definition and propose alternative 
cores, showing how they would alter the scores. i believe that this 
approach, exposing assumptions to challenge and falsification, is a 
much better basis for index building than attempts to legislate rules 
that cover every eventuality.

finally, quantification. the main lesson of the fifty- year- old de-
bate over numerical approaches to social evolution seems to me to 
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be that the debate itself is a red herring. there are some scholars who 
oppose quantitative approaches on principle and others who oppose 
qualitative approaches on equally principled grounds, but both 
groups of scholars are wrong. some questions can be answered only 
quantitatively and others qualitatively. if the why- the- West- rules 
question is really a question about social development, then it is best 
approached quantitatively, using a social development index that 
will show us the shape of the history that needs to be explained.



53

CHaPter 3

energy CaPture

leslie WHite arGued seventy years aGo tHat enerGy 
capture has to be the foundation of any attempt to understand social 
development.1 Complex arrangements of matter persist through 
time only if they are able to capture free energy from their environ-
ment and put it to work, and humans and their societies are no 
exceptions.2

deprived of oxygen, the complex arrangements of matter that 
constitute our bodies begin to break down after a few minutes. de-
prived of water, we break down after a few days; deprived of food, 
we break down after a few weeks. to create superorganisms bring-
ing together multiple people, humans have to harvest even more en-
ergy, making energy capture the foundation of social development.

By “energy capture,” i mean the full range of energy captured by 
humans, above all

food (whether consumed directly, given to animals that provide 
labor, or given to animals that are subsequently eaten);

fuel (whether for cooking, heating, cooling, firing kilns and fur-
naces, or powering machines, and including wind and water-
power as well as wood, coal, oil, gas, and nuclear power);

raw materials (whether for construction, metalwork, pot mak-
ing, clothing, or any other purpose).

energy capture defined in this way is related to, but broader than, 
more commonly used measures of physical well- being such as real 
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wages, gross domestic product per capita (GdP/cap), gross national 
product per capita (GnP/cap), or national disposable income per 
capita (ndi/cap). real wages measure individual incomes (whether 
earned in cash or kind) corrected for inflation; GdP measures ex-
penditure, value added in production, and income generated within 
the territory of a country; GnP measures GdP plus or minus net 
receipts from transfers of property or labor income from the rest of 
the world; and ndi measures GnP plus or minus net current trans-
fers received in money or in kind from the rest of the world, includ-
ing taxes and tribute, whether paid in cash or in kind. GdP, GnP, 
and ndi are converted into per capita figures by simply dividing 
each by the number of people in the territory under study.

economists normally focus on real wages, GdP, GnP, and ndi 
per capita rather than energy capture, largely because these measures 
are much better documented in the statistics available for modern 
(i.e., post- 1800 Ce Western, post- 1900 Ce eastern, and post- 1950 
Ce for the rest of the world) economies than is the broader category 
of energy capture. However, energy capture is a more flexible mea-
sure for comparing very large stretches of time, across which the 
nature of subsistence practices changed dramatically.

tHe CooK fraMeWorK

an enormous literature has grown up on human energy use, with 
contributions from medical researchers, engineers, natural scien-
tists, social scientists, and humanists. However, relatively few his-
torical syntheses have been attempted,3 and the task of forming an 
overall picture is complicated by the way various researchers focus 
on different dimensions of energy capture (e.g., food consumption, 
net energy use, material standards of living, total consumption), 
measure it in different ways (e.g., kcal/cap/day, life expectancy at 
birth, real wages, stature), or describe changes qualitatively rather 
than quantifying them. i therefore begin by defining some of my 
terms more closely.
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My general framework begins from a widely reprinted diagram 
(figure 3.1) originally published in Scientific american magazine in 
1971.4 in it, the geoscientist earl Cook of texas a&M university 
offered rough estimates of typical per person energy capture among 
hunter- gatherers, early agriculturalists (by which he meant the farm-
ers of southwest asia around 5000 BCe), advanced agriculturalists 
(those of northwest europe around 1400 Ce), industrial folk 
(Western europeans around 1860), and the “technological” societies 
of north america and Western europe in his own day. Cook di-
vided each score into the four categories of food (including animal 
feed), home and commerce, industry and agriculture, and transpor-
tation. this diagram has become a regular point of departure for his-
torians of energy capture.

Cook’s food/nonfood energy distinction is fundamental. Human 
consumption of food energy is tightly constrained: if it falls much 
below an average of 2,000 kilocalories per person per day (kcal/cap/
day) for any length of time, people will become too weak to work. 
they will lose body functions and die prematurely. if inputs of food 
energy stay above 4,000 kcal/cap/day for any length of time, how-
ever, people will become obese, suffer serious health complications, 
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and again die prematurely. (nutritionists conventionally use “calo-
ries” to describe what physicists would call nutritional kilocalories, 
and the caloric content listed in “nutrition facts” on food packaging 
actually refers to kilocalories.)

Consumption of food energy has changed over time in part be-
cause people have shifted back and forth between “cheap” calories 
such as grains and “expensive” calories such as meat (as a rough 
measure, it takes about ten calories of plants to grow one calorie of 
meat). Meat- rich twenty- first- century diets typically represent 
about 10,000 kcal/cap/day. Consumption of energy in nonfood 
forms, however, has changed much more dramatically. Most hunter- 
gatherers consume rather few nonfood calories: they need biomass 
for cooking fuel, clothes, weapons, baskets, and personal ornaments, 
but typically have only very simple shelters and few substantial ma-
terial goods. Peasant societies normally have much more substantial 
homes and a wide range of artifacts, and modern industrial societies 
of course produce nonfood goods in extraordinary quantities. total 
(i.e., food + nonfood) energy capture in the simplest tropical hunter- 
gatherer societies can be as low as 4,000– 5,000 kcal/cap/day; in the 
contemporary united states it has reached 230,000 kcal/cap/day, 
and the global average is now around 50,000 kcal/cap/day.

through most of history per capita nonfood energy capture has 
tended to rise, but people have had few ways to convert nonfood 
calories into food. as a result, the difficulty of increasing food calo-
ries has been the major brake on both population size and rising 
living standards. thomas Malthus already recognized this in his 
essay on the Principle of Population: “it should be remembered al-
ways,” he wrote, “that there is an essential difference between food 
and those wrought commodities, the raw materials of which are in 
great plenty. a demand for these last will not fail to create them in as 
great a quantity as they are wanted. the demand for food has by no 
means the same creative power.”5

even in prehistoric times, nonfood energy could slightly loosen 
the constraints on food supply, for instance by providing manure,6 
improving transport so that food could be moved from places 
where it was plentiful to those where it was scarce, and providing 
fuel to process food. only since the nineteenth century Ce, how-
ever—ironically, beginning during Malthus’s lifetime—have trans-
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port, processing, fertilizers, and scientific interventions revolution-
ized the food supply, relentlessly increasing stature, life expectancy, 
and health.7

despite its prominence in Malthus’s and Cook’s work, social 
scientists interested in long- term economic history regularly ignore 
the food/nonfood calories distinction and, focusing solely on food, 
conclude that between the invention of agriculture more than ten 
thousand years ago and the industrial revolution two hundred years 
ago not very much happened.8 in one of the most widely cited re-
cent discussions, the economic historian Gregory Clark explicitly 
suggested that “the average person in the world of 1800 [Ce] was 
no better off than the average person of 100,000 BC.”9 But this is 
mistaken. as Malthus recognized, if good weather or advances in 
technology or organization raised food output, population did 
tend to expand to consume the surplus, forcing people to consume 
fewer and cheaper food calories; but despite the downward pres-
sure on per capita food supply, increases in nonfood energy cap-
ture have, in the long run, steadily accumulated throughout Holo-
cene times.

Cook suggested that while typical hunter- gatherers captured 
just 2,000 kcal/cap/day of nonfood energy, early farmers raised 
this to 8,000 kcal/cap/day, and advanced preindustrial farmers to 
20,000 kcal/cap/day. My own reconstruction suggests that in the 
long run (passing for the moment over several periods of collapse), 
nonfood energy capture rose slowly but steadily across the thir-
teen millennia after the end of the ice age around 12,700 BCe, until 
in roman italy—the core of the most advanced ancient agrarian 
empire—it may have reached 25,000 kcal/cap/day. this seems to 
have been the ceiling on what was possible in a preindustrial soci-
ety, corresponding to the boundary between what the economic 
historian e. a. Wrigley has called advanced organic economies and 
fossil- fuel economies.10

for nearly two thousand years, agrarian empires pressed against 
this ceiling without breaking it. in the seventeenth and eighteenth 
centuries, when globalization reached the point that plants and ani-
mals could be moved between continents, calories invested in trans-
port began being turned indirectly into food calories. it was only in 
the nineteenth century, however, after entrepreneurs had learned to 



58 × CHaPter 3

convert the energy released by burning coal from heat into motion, 
that nonfood energy capture increased so much that it could in turn 
be converted into food calories. this freed humans from the Mal-
thusian trap—for the time being, at least.

Cook’s estimates are of course only a starting point, since he of-
fered just six data points (proto- humans, hunters, early agricultural-
ists, advanced agriculturalists, industrial society, technological soci-
ety), and made no attempt to distinguish between different parts of 
the world. He also provided no sources for his estimates. in recon-
structing Western and eastern energy capture, i have therefore pro-
ceeded by using Cook’s figures as points of departure, establishing 
an order of magnitude for “normal” consumption in a given energy 
regime and then using more detailed evidence to estimate how far 
from these normal figures the actual eastern and Western cores di-
verged at each point in time.

units of MeasureMent and aBBreviations

i use the following conventional units of measurement and 
abbreviations:

1 calorie = amount of heat energy needed to raise the temperate 
of 1 cm3 of water by 1°C

1 calorie = 4.2 joules
1 joule = 0.238 calories
1 British thermal unit = 1,055 joules
1 ton wheat equivalent = 3,300,000 kilocalories
1 ton oil equivalent = 10,038,000 kilocalories
1 liter of wheat = 0.78 kilograms = 2,574 kilocalories
1 megajoule = 239,999 kilocalories
1 watt = 1 joule per second
1 horsepower = 750 watts
Basic adult physiological food requirement = approx. 2,000– 

2,700 kilocalories per capita per day (= 8– 11 megajoules = ap-
prox. 90 watts)11
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Btu British thermal unit
bya billion years ago
C centigrade
cal calorie
cap capita
cm centimeter
GJ gigajoule (1 billion 

joules)
hp horsepower
J joule

kcal kilocalorie (1,000 
calories)

kya thousand years ago
MJ megajoule (1 billion 

joules)
mya million years ago
toe tons oil equivalent
twe tons wheat equivalent
W watt
yr year

tHe nature of tHe evidenCe

reliable statistics on energy capture go back only part way into the 
twentieth century in the eastern core and to the early nineteenth 
century in the West, and even these data generally omit the large 
quantities of biomass used for fuel and construction in peasant so-
cieties.12 Patchier statistics go back to the nineteenth century in 
parts of China and Japan and to at least the seventeenth century in 
Western europe. Before then there are textual records and occa-
sional quantitative documents from both regions, stretching back 
to 1200 BCe in China and 3000 BCe in Mesopotamia and egypt, 
but these cannot yield anything like the detail available for modern 
periods.

the further we go back in time, the more we must rely on ar-
chaeological and comparative evidence. the former sometimes give 
us quite a clear picture of the crops grown and technologies used, 
and a vaguer but still important sense of levels of trade and standards 
of living. in combination with comparative evidence for the energy 
yields of similar crops, technologies, trade, and lifestyles in well- 
documented modern contexts, we can get at least some idea of en-
ergy capture, and we can occasionally cross- check the results against 
entirely independent classes of evidence, such as records of pollu-
tion from ice cores and peat bogs.
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Combining such diverse data is of course a challenge and calls for 
constant guesswork. on the one hand, this makes that it unlikely 
that experts will ever agree precisely on scores before 1900 Ce in the 
east and 1700 Ce in the West; but on the other hand, the evidence 
does establish parameters for energy capture in the past that no ex-
pert would question. no one, for instance, would suggest that en-
ergy capture in the cores of the West (roughly iraq- egypt) or east 
(the yellow river) in 1000 Ce was as high as it would be in the 
united states or Japan a thousand years later or, for that matter, as 
high as it would be in the cores in 1900, 1800, or even 1700 Ce. 
similarly, few experts would argue that Western energy capture in 
1000 Ce was as high as it had been under the roman empire a thou-
sand years earlier, but almost all would agree that it was higher than 
during the Mediterranean “dark age” around 1000 BCe. in the east, 
most Chinese economic historians would probably agree that east-
ern capture was higher under the song dynasty in 1000 Ce than it 
had been under the Han in 1 Ce, and much higher than under the 
Western zhou a millennium before that. any conclusions that vio-
late these expectations will call for close scrutiny.

Within certain limits we can certainly establish rough, ballpark 
figures for energy consumption; the important question is whether 
we can constrain the margins of error sufficiently to produce esti-
mates that allow us to tell whether the best explanation for why the 
West rules is a long- term lock- in theory, a short- term accident the-
ory, or some other kind of theory altogether.

estiMates of Western enerGy CaPture

table 3.1, figure 3.2, and figure 3.3 show my estimates for Western 
energy capture since 14,000 BCe.

the best way to calculate energy capture in different periods is to 
proceed from the best to the least well known, so rather than start-
ing in 14,000 BCe and moving continuously forward until 2000 Ce 
i will begin my discussion in the present and work back to 1700 Ce, 
then make two jumps backward, before filling in the gaps between 
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the three periods. the first jump is back to the classical Mediterra-
nean world of roughly 500 BCe– 200 Ce, for which several eco-
nomic historians have recently generated figures for consumption 
levels, and the second is back to the beginning of our story around 
14,000 BCe, at which point (surprising as it may sound to nonar-
chaeologists) we can make fairly confident estimates about late ice 
age hunter- gatherer consumption.

table 3.1 
Western energy capture, 14,000 BCe–2000 Ce

Date
kcal/cap/ 

day Points

14,000 BCe 4,000 4.36
13,000 BCe 4,000 4.36
12,000 BCe 4,500 4.90
11,000 BCe 5,000 5.45
10,000 BCe 5,000 5.45
9000 BCe 5,500 5.99
8000 BCe 6,000 6.54
7000 BCe 6,500 7.08
6000 BCe 7,000 7.63
5000 BCe 8,000 8.72
4000 BCe 10,000 10.90
3500 BCe 11,000 11.99
3000 BCe 12,000 13.08
2500 BCe 14,000 15.26
2250 BCe 16,000 17.44
2000 BCe 17,000 18.52
1750 BCe 19,000 20.65
1500 BCe 20,500 22.34
1400 BCe 21,000 22.88
1300 BCe 21,500 23.43
1200 BCe 21,000 22.88
1100 BCe 20,500 22.34
1000 BCe 20,000 21.79
900 BCe 20,500 22.34
800 BCe 21,000 22.88
700 BCe 21,500 23.43
600 BCe 22,000 23.97

Date
kcal/cap/ 

day Points

500 BCe 23,000 25.06
400 BCe 24,000 26.15
300 BCe 26,000 28.33
200 BCe 27,000 29.42
100 BCe 29,000 31.06
1 BCe/Ce 31,000 33.78
100 Ce 31,000 33.78
200 Ce 30,000 32.69
300 Ce 29,000 31.60
400 Ce 28,500 31.06
500 Ce 28,000 30.51
600 Ce 26,000 28.33
700 Ce 25,000 27.24
800 Ce 25,000 27.24
900 Ce 25,000 27.24
1000 Ce 26,000 28.33
1100 Ce 26,000 28.33
1200 Ce 26,500 28.88
1300 Ce 27,000 29.42
1400 Ce 26,000 28.33
1500 Ce 27,000 29.42
1600 Ce 29,000 31.06
1700 Ce 32,000 34.87
1800 Ce 38,000 41.41
1900 Ce 92,000 100.00
2000 Ce 230,000 250.00
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figure 3.2. Western energy capture, 14,000 BCe– 2000 Ce, seen on a linear- linear scale.
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figure 3.3. Western energy capture, 14,000 BCe– 2000 Ce, seen on a log- linear scale.
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the recent Past, 1700– 2000 Ce

High- quality statistics are available for 2000 Ce, putting total food 
+ nonfood per capita energy capture in the Western core (the united 
states) at about 230,000 kcal/cap/day.13 following the methods de-
scribed in chapter 2, 230,000 kcal/cap/day—which is the highest 
level of energy capture known in history—gets the full complement 
of 250 points, meaning that each 920 kcal/cap/day scores 1 point on 
the index.

our data are reasonably good for at least some aspects of the 
most advanced Western economies (around the northern shores of 
the atlantic) in 1900 and even 1800. there are relatively rich data on 
industrial output in some parts of europe going back to 1700,14 but 
the major challenge is how to combine this information with the use 
of biomass for fuel, housing, clothing, and so on. the peasants who 
relied most heavily on biomass tended not to leave extensive textual 
records, which forces us to turn to estimates based on comparative 
evidence, cross- checked against qualitative evidence from literature 
and art. the qualitative evidence is often very rich,15 but the need to 
bring these different sources together inevitably increases margins 
of error.

Combining figures for fossil and biomass fuels and population 
data from Maddison suggests that typical energy capture in the West-
ern core was somewhere around 92,000 kcal/cap/day in 1900 and 
38,000 kcal/cap/day in 1800.16 By my rough estimate, the 92,000 
kcal/cap/day in 1900 can be broken down into about 41,000 from 
fossil fuels, 8,000 as food/animal feed, and 43,000 from nonfood 
biomass, and the 38,000 kcal/cap/day in 1800 can be broken down 
into about 7,000 from fossil fuel, 6,000 as food/animal feed, and 
25,000 from nonfood biomass. the figures of 92,000 kcal/cap/day in 
1900 and 38,000 kcal/cap/day in 1800 neatly bracket Cook’s esti-
mate of 77,000 kcal/cap/day for advanced Western economies in 
1860 and, insofar as such data can be made commensurate, seem 
consistent with the evidence of probate records and industrial ar-
chaeology for the increase in household goods.17 the figures for 
1800 and 1900 involve wider margins of error than the figure for 



64 × CHaPter 3

2000 but are consistent with the impressionistic historical literature 
on energy use and with robert allen’s reconstructions of trends in 
real wages.18

My estimate of a 242 percent increase in per capita energy capture 
in the Western core between 1800 and 1900 is smaller than the well- 
established statistics for the growth of industrial output in the de-
veloped euro- american core.19 that is because estimates of indus-
trial output normally leave biomass and muscle power out of the 
calculus completely, producing a misleading picture of overall en-
ergy capture. a significant slice of the nineteenth century’s indus-
trial output went toward replacing biomass and muscle, rather than 
simply adding to them, in the process allowing much higher popula-
tion densities in the industrial core without producing environmen-
tal catastrophe.

When we look back before 1800 Ce the uncertainties of course 
multiply, but strong constraints continue to apply to our estimates. 
Western energy capture clearly grew more slowly in the eighteenth 
century than in the nineteenth, but faster than in the seventeenth or 
sixteenth; and if Cook was correct that the advanced agricultural-
ists of the late Middle ages were already capturing 26,000 kcal/cap/
day, early modern northwest europeans around 1700 Ce must 
have been consuming somewhere between 30,000 and 35,000 kcal/
cap/day.

i base this guess of a roughly 5:4 ratio between energy capture in 
the Western core in 1700 and 1400 Ce on the plentiful textual and 
archaeological evidence across the entire social spectrum for the im-
provement in the quality of housing, the increasing quality and vari-
ety of household goods, rising real wages in northwest europe, ris-
ing consumption of expensive calories, and the longer hours being 
worked.20

angus Maddison estimated that Western european GdP/cap in-
creased from $798 (expressed in Geary- Khamis dollars, a hypotheti-
cal unit with the same purchasing power as us$1 in 1990) to $1,032 
between 1500 and 1700.21 several economists have argued that Mad-
dison’s numbers are underestimates,22 but the general trend seems 
unmistakable—so long as we bear in mind that nearly all the gains 
seem to have been in nonfood calories. adult stature, a robust indi-
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cator of levels of childhood nutrition,23 was much the same in 1700 
as in 1400 Ce.24

My figure of 32,000 kcal/cap/day for 1700 Ce is necessarily a 
guess, but i suspect that it is no more than 10 percent wide of the 
mark, for the following reasons:

1. if northwest european consumption was already above 
35,000 kcal/cap/day in 1700 Ce but rose to only 38,000 in 1800, 
it is hard to explain where all the extra energy being consumed in 
industry and transport was coming from (as the economist rob-
ert allen has shown, real wages probably declined between 1750 
and 1800 and then grew only slowly until 1830, thanks to mas-
sive profit taking and reinvestment by the new economic elites).25

2. if, on the other hand, northwest european consumption 
remained below 30,000 kcal/cap/day in 1700 despite already hav-
ing reached 26,000 by 1400, it would be hard to explain how 
trade, industry, agriculture, and forestry could have expanded as 
vigorously as we know they did across the fifteenth, sixteenth, 
and seventeenth centuries while energy capture grew so slowly.

3. if, to make room for Western consumption to have been 
below 30,000 kcal/cap/day in 1700 despite having risen sharply 
since 1400, we push the figure for 1400 down from 26,000 to-
ward 20,000 kcal/cap/day, we would have to argue either (a) that 
the (by premodern standards) quite productive european societ-
ies of around 1400 Ce were no more successful at energy capture 
than those of the southeast Mediterranean Bronze age some 
three thousand years earlier, which seems unlikely, or (b) that 
energy capture around 1600 BCe was lower still, perhaps some-
where around 15,000 kcal/cap/day; which, in turn, would require 
us to depress earlier figures still further. since we can fix a floor 
of at least 4,000 kcal/cap/day under post– ice age energy capture, 
pushing second- millennium BCe energy levels down to 15,000 
kcal/cap/day makes it hard to explain the enormous differences 
in living standards between the substantial homes at sites like ur 
around 1500 BCe and the very simple ones at sites like ‘ain Mal-
laha in israel around 12,000 BCe.26

figure 3.4 shows my estimates for modern times.
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Classical antiquity (500 BCe– 200 Ce)

in the past few years several historians and economists have tried to 
quantify real wages and GdP/cap in the classical Mediterranean. 
these are not the same things as total energy capture as defined here, 
but the calculations are a very helpful step forward.

real Wages

We have spotty but useful information on both wages and the prices 
of food in the ancient Mediterranean, and for a handful of times and 
places we can calculate how much wheat certain categories of people 
could afford to buy each day. in an important recent article, Walter 
scheidel follows the example of the early modern historian Jan van 
zanden in converting ancient wage data into a “wheat wage,” repre-
senting the number of liters of wheat a worker could buy with one 
day’s income.27 armed with that information and the fact that a liter 
of wheat (0.78 kg) contains 2,574 kcal of energy, we can calculate the 
energy capture represented by wage levels.
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figure 3.4. Western energy capture, 1700– 2000 Ce.
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scheidel shows that shortly before 400 BCe the real wages of an 
adult athenian man bought more than 22,400 kcal/day, and by the 
320s BCe the real wage had risen to the equivalent of somewhere 
between 33,500 and 40,000 kcal/day. these are extremely high fig-
ures, coming close to those for the eighteenth-  or even early- 
nineteenth- century Western core.

scheidel’s figures for roman italy in the first few centuries Ce 
vary much more, with wages in the city of rome ranging from the 
equivalent of 15,500 kcal/day to more than 43,000 kcal/day, and 
those from Pompeii ranging from 12,000 kcal/day through 30,000 
kcal/day. the average of these data points is about 25,000 kcal/day, 
but—as scheidel points out—it is hard to put much confidence in 
this number, given the amount of variance.

these numbers represent a great step forward, but there are nev-
ertheless two drawbacks to the real- wage approach to energy cap-
ture. first, as scheidel himself stresses, the data points are so scat-
tered that we rarely know how typical they are. there is only one 
case in ancient Western eurasia, in Babylon between 385 and 61 
BCe, where we have a really detailed series of price points for a range 
of commodities, and here prices fluctuated wildly.28 since we nor-
mally have to deal with single price points separated by centuries of 
silence, we could well be misunderstanding our sparse information.

second, it is far from obvious exactly how the wage levels relate 
to total food + nonfood energy capture. We have wage information 
for only a few professions, and many people probably worked 
partly or largely outside the monetized economy, spending their 
lives in family farms or firms. in classical athens, the wage data are 
dominated by state employment such as military pay and pay for 
holding public offices.29 in these sectors the state acted as a monop-
sonist, making it is hard to say how pay levels related to the private 
sector.

the roman data are not so badly skewed toward state pay,30 but 
they too have their problems. We do not know how the undocu-
mented professions compared to documented ones, what sources of 
income families normally had to supplement the wages that are 
mentioned in our texts, or how much of the typical family’s energy 
capture came from biomass that lay completely outside the mone-
tized economy.
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GdP/cap

a second approach is to calculate an ancient society’s GdP and di-
vide this by the size of its population, and several historians and 
economists have provided estimates for the roman empire in the 
first two centuries Ce (table 3.2). this approach avoids some of the 
problems of real wages but adds new challenges of its own, most 
obviously that the calculations depend on a string of assumptions.31 
scheidel and friesen go so far as to concede that “[s]tudents of the 
roman world who are unfamiliar with our approach might be 
tempted to dismiss this project as a tangled web of conjecture.”32

the most important assumptions are estimates of minimum food 
needs, a “step up” to represent nonfood consumption, another to 
represent government spending, and guesses at the typical number 

table 3.2 
estimates of roman GdP/capita

kg wheat 
equivalent/ 

cap/yr
kcal/cap/ 

yr
kcal/cap/ 

day

Hopkins 491 1,620,000 4,438
Goldsmith, Maddison 843 2,780,000 7,616

italy only:  
12,712

temin 614 2,030,000 5,561
Goldsmith and Maddison 

as adjusted by scheidel 
and friesen

620 2,050,000 5,616
italy only:  

9,370
egypt “bare bones,” 

scheidel and friesen
390 1,290,000 3,534

egypt “respectable,” 
scheidel and friesen

940 3,100,000 8,493

scheidel and friesen 714 2,360,000 10,710
diocletian’s Price edict 

of 301 Ce, after allen
204  670,000 1,836

Sources: Hopkins, “taxes and trade in the roman empire”; Goldsmith, “estimate of the size 
and structure”; Maddison, Contours of the World economy; temin, “estimating GdP”; 
scheidel and friesen, “size of the economy”; allen, “How Prosperous Were the romans?”
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of workdays per year. opinions differ on each of these numbers, 
with the result that estimates of GdP/cap in the first to second cen-
tury Ce range from the equivalent of 7,364 kcal/cap/workday sug-
gested by the ancient historian Keith Hopkins, to the 12,636 kcal/
cap/workday suggested by the economists raymond Goldsmith 
and angus Maddison.33 scheidel and friesen themselves stress the 
need to operate with a range of estimates, but do offer 10,710 kcal/
cap/workday as a summary figure (total output of 50 million twe/70 
million people/220 workdays). Combining the estimation approach 
with data from roman egypt, they suggest the actual figure must lie 
between 5,864 and 14,091 kcal/cap/workday, and that several differ-
ent approaches all converge on this same range.

these energy capture scores are considerably lower than those 
derived from real wages. there appear to be two reasons for this. 
first, the GdP/cap estimates apply to the whole roman empire, 
rather than the core region in italy. this raises once again the 
“Pomeranz Problem” (see chapter 2 above) of unit selection. We 
need to focus on the most developed core within the West, in this 
case italy. Maddison recognized this, suggesting that tax and tribute 
flows into italy raised its ndi/cap two- thirds higher than that of 
the rest of the empire, which would push Maddison’s estimate of 
italian energy consumption to 12,712 kcal/cap/workday (or, fol-
lowing the adjustments that scheidel and friesen suggest to his 
scores, 9,370 kcal/cap/workday).34

this italian score, however, is still lower than even the bottom 
end of the range of energy capture implied by scheidel’s real wages 
from rome and Pompeii, and close to Cook’s calculation for early 
agriculturalists (by which he meant southwest asian farmers around 
5000 BCe). the explanation for this is that the “step up” used in all 
the proposed GdP figures underestimates very seriously the quan-
tities of biomass used for fuel and construction, wind and water-
power, and raw materials in the roman economy. Hopkins allowed 
just a 33 percent step up to cover seed and wastage, and even the 
highest estimate, by Goldsmith (shared by Maddison and scheidel 
and friesen), is only 75 percent. Comparative data on energy cap-
ture suggest that the true level must have been much higher.35

in his masterly studies of biomass energy, vaclav smil divides 
biomass fuels into two categories by energy density (table 3.3).36 His 
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“very low density” class (peats, green wood, grasses), yielding 5– 10 
MJ/kg (= 1,200– 2,400 kcal/kg), and “low density” class (crop resi-
dues, air- dried wood), yielding 12– 15 MJ/kg (= 2,880– 3,600 kcal/
kg), seem most relevant to ancient rome. Coal use was not com-
pletely trivial in the roman empire, particularly in the northern 
provinces, but fossil fuels did remain marginal fuel sources.37

We of course have no statistics on biomass fuel use in the roman 
empire, but we do have some suggestive comparative evidence. 
twentieth- century Ce tropical hunter- gatherer groups often got by 
with less than 500 kg/cap/yr of biomass fuel, most of which presum-
ably consisted of very- low- density types, representing perhaps 
something like 1,300– 2,600 kcal/cap/day. farming societies in colder 
climates often used as much biomass fuel as 2.5 tons/cap/yr, pre-
sumably mixing the low and very low categories; a 50/50 low/very 
low mix would generate 12,329– 22,191 kcal/cap/day. the advanced 
organic economies of eighteenth- century northwest europe and 
north america used 3– 6 tons/cap/yr. if we again assume a 50/50 
split between low-  and very- low- density fuels, that would be some-
thing like 21,699– 43,397 kcal/cap/day.38

table 3.3 
energy densities

Foodstuffs  
and fuels

energy densities  
(MJ/kg)

foodstuffs
very low vegetables, fruits 0.8–2.5
low tubers, milk 2.5–5.0
Medium Meats 5.0–12.0
High Cereal and legume grains 12.0–15.0
very high oils, animal fats 25.0–35.0

fuels
very low Peats, green wood, grasses 5.0–10.0
low Crop residues, air-dried wood 12.0–15.0
Medium Bituminous coals 18.0–25.0
High Charcoal, anthracites 28.0–32.0
very high Crude oils 40.0–44.0

Source: derived from smil, General energetics.
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these data for biomass fuel use in other societies are consis- 
tent with Cook’s nonfood estimate of 20,000 kcal/cap/day for ad-
vanced agriculturalists in late medieval Western europe. the most 
important question is where the economies of the ancient Mediter-
ranean fit within this range, and to answer that we must turn to 
archaeology.

archaeological evidence

the archaeological approach involves starting from the actual mate-
rial remains left by ancient attempts to capture energy, in the form of 
human and animal bones, carbonized seeds, pollen, houses, artifacts, 
and chemical traces of pollution. this ground- up approach is much 
messier than the more stylized real- wage and GdP/cap approaches, 
but it is also more empirical. Most important, it produces finer- 
grained pictures than the very abstract GdP/capita approach and 
suggests that both the real wage and the GdP/capita methods seri-
ously underestimate energy capture in premodern societies.

the archaeological evidence confirms the impression of the real 
wage numbers that fourth- century BCe Greeks enjoyed high en-
ergy capture by premodern standards.39 their diet was relatively 
good, with a generally rather low meat content, although this varied 
significantly from site to site.40 olives, wine, fruit, garlic, and fish 
made quite large contributions, although fish consumption varied as 
much from one site to another as did meat consumption.41 food 
consumption was not enough to push average adult male stature 
much above 168 cm,42 but given the quantities of “expensive” calo-
ries, typical Greek intake of food energy must have been relatively 
high by premodern Mediterranean standards, perhaps reaching 
4,000– 5,000 kcal/cap/day.

the good classical Greek diet (and population growth) might be 
partly explained by a decline in solar activity, driving the shift from 
a sub- Boreal to the sub- atlantic climate regime after 800 BCe, and 
bringing cooler, wetter weather to the Mediterranean, to the benefit 
of dry- grain farmers reliant on winter rainfall. the most recent syn-
thesis of eighty studies from the east Mediterranean, however, re-
veals extraordinary levels of regional variation and only a mild pat-
tern of change between about 800 and 200 BCe.43
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Whatever the role of climate, behavioral changes in Greece do 
also seem to have played a part. since the 1980s, survey archaeolo-
gists have realized that older models of Greek agriculture, seeing it 
as inefficient and risk averse, simply could not be correct, because an 
agricultural system of this kind could not have generated enough 
food to support the population densities known from the classical 
Greek world.44

the evidence of settlement patterns and excavated farmsteads 
may indicate a shift between 500 and 200 BCe toward intensively 
worked blocks of contiguous land, making heavy use of manure and 
often producing for the market, obtaining yields from dry- grain 
farming that would not be matched again until at least the nineteenth 
century.45 Pollen data support this, with peaks for cereal and olive 
production in the period circa 500– 200 BCe not only in Greece but 
also all across the east Mediterranean and as far into asia as western 
iran.46

Classical Greek houses were large and comfortable, typically 
having 240– 320 m2 of roofed space. the evidence for house prices is 
disputed,47 but an average house probably cost 1,500– 3,000 drach-
mas at a time when a 5,000 kcal daily diet cost about half a drachma—
meaning that an average house represented 15– 30 million kcal. am-
ortized out over a thirty- year lifespan, that represented close to 
1,375– 2,750 kcal/day. (there is no way to know what Greek expec-
tations about the lifetime of a house were, but thirty years seems 
roughly consistent with the rate of rebuilding observed on archaeo-
logical sites.)

it is harder to quantify the per capita energy consumption repre-
sented by the kilns, furnaces, workshops, and so on that produced 
all the artifacts we find in Greek houses, or by the temples, fortifica-
tions, arms and armor, warships, public buildings, private monu-
ments, roads, harbors, artworks, and countless other categories of 
objects archaeologists have recovered, or by the transport costs of 
bringing much of the food Greeks ate from farms as far away as 
ukraine and egypt. However, comparing the quality of housing and 
sheer abundance of artifacts on classical Greek settlements (e.g., 
olynthus, destroyed in 348 BCe and published in great detail) with 
those in medieval or early modern northern european settlements 
in northern europe (e.g., Wharram Percy in england) and, a forti-
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ori, those in medieval and early modern Greece gives a good sense of 
the high material standard of life enjoyed by classical Greeks.48

it is also striking that classical Greece supported not just rela-
tively high levels of nonfood consumption but also high population 
densities around the aegean sea in the fourth century BCe. in sev-
eral parts of Greece, the densities of the fourth century BCe would 
not be equaled until the twentieth century Ce, and the simple fact 
that so many Greeks lived in towns or small cities, rather than ham-
lets or farms, must mean that their energy capture reached unusual 
heights.49 in an important paper, Geof Kron has used the housing 
evidence to suggest that in many respects, the typical Greek actually 
lived better than the typical eighteenth- century Briton.50

the Greek archaeological data point clearly toward high (by pre-
modern standards) energy capture; i suggest a figure somewhere be-
tween 20,000 and 25,000 kcal/cap/day in the fourth century BCe 
(most likely closer to the upper than to the lower figure), having 
risen sharply from a “dark age” level closer to 16,000 kcal/cap/day 
between 1000 and 800 BCe.51

the copious roman evidence suggests that energy capture in 
first-  to second- century Ce italy was even higher than that in 
fourth- century BCe Greece. the level of agricultural yields remains 
disputed, although output in irrigated egyptian agriculture seems to 
have been extremely high by premodern standards.52 Quantitative 
studies of consumption—including everything from animal bones 
in settlements to numbers of shipwrecks, levels of lead and tin pollu-
tion generated by industrial activity, the scale of deforestation, fre-
quencies of public inscriptions on stone, numbers of coins in circu-
lation, and quantities of archaeological finds along the German 
frontier—also point the same way: per capita energy capture in the 
Mediterranean world increased strongly during the first millennium 
BCe, peaked somewhere between 100 BCe and 200 Ce, then fell 
again in the mid- first millennium Ce.53 figure 3.5 illustrates the 
tight fit between the rise and fall of shipwrecks (normally taken as a 
proxy for the scale of maritime trade) and levels of lead pollution in 
the well- dated deposits at Penidho velho in spain.

each category of material has its own difficulties,54 but no single 
argument can explain away the striking increase in evidence for non-
food consumption across the first millennium BCe and the peak in 
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the first two centuries Ce. the shipwreck data and the vast garbage 
dumps of transport pottery surrounding the city of rome (a single 
one of which, at Monte testaccio, contains the remains of 25 million 
pots, used to ship 200 million gallons of olive oil)55 also attest to the 
use of nonfood energy to increase food supply and the extraordi-
nary level of consumption of “expensive” food calories. some schol-
ars also identify an increase in stature in the first to second century 
Ce, although others are more pessimistic, suggesting that adult male 
romans in early imperial italy were typically under 165 cm tall, 
which would make them shorter than iron age or medieval ital-
ians.56 More evidence—and more consistent application of statistical 
techniques—should resolve the question, and we must look forward 
to the appearance of Geertje Klein- Goldewijk’s database of roman 
skeletons.

as in Greece, the housing evidence may be the most informative, 
and robert stephan and Geof Kron are now collecting and analyz-
ing this material.57 data from egypt and italy already suggest that 
by the first centuries Ce typical roman houses were even bigger 
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than classical Greek houses had been, and that sophisticated (by 
premodern standards) plumbing, drainage, roofs, and foundations 
spread far down the social ladder.58

the explosion of material goods on roman sites is even more 
striking. Mass production of wheel- made, well- fired pottery, am-
phoras for wine and olive oil, and base- metal ornaments and tools 
reached unprecedented levels in the first few centuries Ce.59 simi-
larly, distribution maps show that by 200 Ce trade networks were 
more extensive and denser than they would be again until at least the 
seventeenth century.60 the scale of trade with india, far outside the 
empire’s formal boundaries, is particularly impressive.61

the archaeological data suggest that the real- wage and particu-
larly the GdP/cap approaches to the roman economy underesti-
mate energy use in the roman core. all of the GdP/cap calculations 
to date have begun with human physiological requirements for food 
calories and added an arbitrary “step up” for nonfood consumption, 
taking neither the comparative evidence for biomass energy nor the 
archaeological evidence for the extraordinary surge in nonfood con-
sumption into consideration. as noted in the “GdP/cap” section 
above, the largest step up that has been proposed has been 75 per-
cent, but the comparative evidence suggests that even this is too low 
for a complex agrarian economy.

Cook concluded that even in a “normal” advanced agricultural 
economy the step up should be well over 300 percent,62 and the ar-
chaeological evidence makes it clear that roman italy between about 
200 BCe and 200 Ce was anything but a “normal” advanced agri-
cultural economy. there is no way at present to be very precise about 
the step up, but the archaeological evidence suggests to me that it 
was considerably larger than in classical Greece. i suspect that it was 
more like 400 percent, suggesting total energy capture of about 
31,000 kcal/cap/day in the roman core by the first century Ce.

this estimate puts energy capture in the roman core around 100 
Ce just slightly behind that in the northwest european core in 1700 
Ce. this is a more optimistic assessment of the roman economy 
than the GdP/cap estimates imply, but would resolve some incon-
sistencies between the different ways of looking at the roman econ-
omy. Maddison’s figures suggest that the roman empire in the first 
few centuries Ce compares best with northwest europe around 
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1500 Ce, although he then goes on to point out that roman urban-
ization levels are in fact much closer to West european levels around 
1700 Ce than those around 1500. similarly, while scheidel and fri-
esen conclude that the empire- wide roman economy in the second 
century Ce lacked the sophistication of the dutch economy around 
1580– 1600 Ce or the english around 1680– 1700, they do note that 
performance may have been better in the italian core. the econo-
mist Paolo Malanima reaches similar conclusions.63

i know of only two other attempts to calculate total roman en-
ergy capture in the terms i am using here. the first is vaclav smil’s 
analysis in his book Why america Is Not a New Rome.64 this book 
aimed to highlight the differences between the contemporary united 
states and ancient rome, one of which, smil quite rightly empha-
sizes, is an enormous gap in energy capture. However, in trying to 
demonstrate this very valid point, smil offers what seem to me im-
plausibly low estimates of roman energy use. He suggests that con-
temporary american energy use is thirty to fifty times higher than 
roman, which would set roman total energy capture somewhere 
between 4,600 and 7,700 kcal/cap/day; if we assume that roughly 
2,000 kcal/cap/day of this was food (which means ignoring the ar-
chaeological evidence for relatively high levels of expensive calories 
from meat, oil, and wine), that leaves just 2,600– 5,700 kcal/cap/day 
to cover all other energy consumption. to justify this estimate, smil 
suggests that roman fuel use was just 180– 200 kg of wood equiva-
lent per capita per year, or roughly 1,750– 2,000 kcal/cap/day.

it is impossible to reconcile these numbers with the archaeologi-
cal evidence for roman consumption or the levels of roman- era 
lead pollution in bogs, ice cores, and lakebeds. smil’s numbers are 
also incompatible with his own data on premodern biomass use  
in his book energy in World History.65 smil’s estimates for rome 
would group its energy capture with some of the simplest agricul-
tural societies on record. My own estimates and lo Cascio and Mal-
anima’s calculations place peak roman energy capture (ca. 100 Ce) 
alongside northwest europe’s in 1700 Ce, while Maddison’s and 
scheidel and friesen’s place it closer to sixteenth- century north-
west europe’s.66 However, smil’s suggestion in Why america Is Not 
a New Rome that roman nonfood energy capture was just 2,600– 
5,700 kcal/cap/day would set the roman level at barely one- eighth 
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of smil’s own estimate for eighteenth- century northwest european 
energy capture (21,700– 43,400 kcal/cap/day) in energy in World 
History, and closer to hunter- gatherers than to early- modern farm-
ers. all the other classes of evidence make this seem much too low.

the second discussion is Paolo Malanima’s in his paper “energy 
Consumption and energy Crisis in the roman World,” delivered at 
a conference at the american academy in rome in 2011.67 an ap-
pendix to this paper directly responds to my arguments in Why the 
West Rules—For Now, arguing that roman energy capture peaked 
between 6,000 and 11,000 kcal/cap/day. this is roughly twice as 
high as smil’s estimate, but less than one- third as high as mine.

some of the differences between our calculations are definitional. 
as noted above, different kinds of food energy have different costs; 
it typically takes about 10 kcal of feed to produce 1 kcal of meat, 
which means that periods that see shifts toward meat consumption 
also see an increase in per capita energy consumption. someone liv-
ing off bread and water may put the same number of kilocalories of 
food energy into his or her mouth as someone living off steak and 
champagne, but the steak/champagne diet represents a much higher 
overall level of energy consumption. the archaeological evidence 
shows that roman times saw a great increase in the costs of most 
people’s diets. this was most spectacular at rome itself, where the 
explosion in consumption of wine and olive oil produced Monte 
testaccio; but even the humblest village sites produce striking evi-
dence of the shift toward more expensive food calories, which in-
volved tens of millions of people. While ordinary romans did not 
have steak- and- champagne diets, they did at least get olive oil and 
imported wine.

Malanima also excludes the energy content of the materials used 
in construction, industry, and transport. through most of the pre- 
roman era, this definitional difference would not have a huge im-
pact on the calculations, since construction, industry, and transport 
remained very simple; but the archaeological evidence once again 
shows unambiguously that one of the greatest contrasts between 
roman and pre- roman times was the expansion of activity in all 
these areas.

Malanima’s definitional decisions consistently produce lower en-
ergy capture scores than mine, and the difference is increased fur-
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ther by his preference for low estimates when—as is very often the 
case—there seems to be a range of plausible guesses (for instance, on 
the numbers of draft animals and therefore the amount of feed con-
sumed by them per person in the roman empire, or on the amount 
of wood consumed per person). these disagreements combine to 
yield a big difference in the size of the “step up” each of us would 
add to the food energy being consumed.

if the argument were purely definitional, it would not be very 
significant: since both Malanima and i have done our best to be ex-
plicit, readers could choose which index to use, depending on the 
question they wanted to answer. However, Malanima also suggests 
that the figures i reach for the roman empire must be exaggerated. 
He suggests that my figures would mean that romans had access to 
more energy than did many nineteenth- century europeans, and also 
that energy intensity (the ratio between energy consumption and 
GdP, or basically the dollars earned per kcal expended) would have 
been twice as high in the early roman empire as in Western europe 
in 1800 Ce.

Malanima reaches this conclusion by comparing my 31,000 kcal/
cap/day estimate of energy consumption in the roman heartland to 
his own estimate that europeans were capturing only about 15,000 
kcal/cap/day in 1800 Ce. this is much lower than the figure of 
38,000 kcal/cap/day for the Western european core around 1800 Ce 
that i derive from Cook, smil, and Maddison’s calculations because 
throughout the period up to the nineteenth century, Malanima de-
fines energy capture more narrowly than Cook or i have done. as a 
result, Malanima’s pre- 1900 Ce scores are consistently about half of 
those in my calculations or earl Cook’s,68 and comparing my energy 
capture figure for 100 Ce to his own for 1800 Ce produces nonsen-
sical results. our pictures certainly do differ—by Malanima’s calcu-
lations, the average person in the Western core was consuming 
roughly 75 percent more energy in 1800 than in 100 Ce;69 by mine, 
that person was consuming 25 percent more energy—but the absurd 
outcome that Malanima ascribes to my scores, with energy being 
cheaper in the roman empire than in the British, is simply the result 
of his insistence on directly comparing results derived from indices 
that define the terms differently.
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i see two ways to interpret the differences between my energy 
calculations and Malanima’s. first, we might just treat the defini-
tional disagreements as being two different ways to think about the 
data, with Malanima’s definitions leading to low results and mine to 
high ones. the interesting thing about our results would then be 
how similar the general pictures are. Malanima and i agree that the 
old picture of steadily rising energy use in europe between the Mid-
dle ages and the industrial revolution is mistaken; energy capture 
fell along the with roman empire, and as late as 1700 Ce europeans 
were still only just catching up with roman levels. even when we 
come to the twentieth century, our pictures are rather similar. in the 
Western core, as i define it, consumption jumped from 92,000 kcal/
cap/day in 1900 Ce to 230,000 in 2000 (a factor of 2.5); in Western 
europe, as Malanima defines it, consumption jumped from 41,500 
kcal/cap/day in 1900 Ce to 100,000 in 2000 (a factor of 2.4).

However, this way of comparing Malanima’s calculations and 
mine would overlook the big contrast between them. as i suggested 
in the previous paragraph, when we look only at the past two thou-
sand years, the two approaches produce rather similar pictures. 
However, when we look at the whole run of history going back to 
the end of the last ice age, the pictures differ much more. Malanima’s 
figures imply that per capita energy capture must have roughly dou-
bled (from about 4,000 kcal/cap/day, the lowest level needed to 
maintain viable populations, to about 8,500 kcal/cap/day) between 
the age of lascaux and that of Monte testaccio, while mine suggest 
that it grew seven-  or eightfold, to 31,000 kcal/cap/day.

Malanima does not go as far as Gregory Clark, who, as men-
tioned above, argues that “the average person in the world of 1800 
[Ce] was no better off than the average person of 100,000 BC.” 
However, Malanima’s numbers imply that the rate of increase in en-
ergy capture averaged just 0.005 percent per annum in the past four-
teen millennia BCe. the growth rate implied by my figures, of 0.02 
percent per annum, is hardly meteoric, but it provides a very differ-
ent—and, i would say, more realistic—perspective on premodern 
economic growth.

earlier in this chapter i observed that economists interested in 
the roman world usually try to reconstruct either real wages or 
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GdP/cap, and only rarely concern themselves with the messy de-
tails of the archaeological record. one consequence of this is that 
they often seem not to have a very clear sense of the gulf that sepa-
rated the roman world from prehistoric societies. the assumptions 
Malanima makes about what to measure and how to measure it fail 
to capture the contrasts between life in imperial rome, life in a ten- 
thousand- year- old agricultural town like Jericho, and life in a 
hundred- thousand- year- old site like Pinnacle Point in south africa. 
looking at the history of energy over the very long run requires a 
fuller confrontation with the archaeological record and methods 
like those pioneered by earl Cook, which are far more sensitive than 
Malanima’s to the kinds of energy flows that mattered most in pre-
historic and ancient societies.

Conclusion

Per capita energy capture increased across the first millennium BCe, 
peaking somewhere around 30,000 kcal/cap/day in the first century 
Ce. By premodern standards this was an extremely high level, close 
to that of the Western core around 1700 Ce, although by modern 
standards it remained very low, probably never reaching even 15 
percent of contemporary american levels. figure 3.6 shows my esti-
mates for the ancient (500 BCe– 200 Ce) and modern (1700– 2000 
Ce) periods.

Between ancient and Modern (200– 1700 Ce)

the next challenge is to bridge the long gap between ancient Medi-
terranean and early modern european data. i divide the fifteen- 
hundred- year period into three phases: (a) 200– 700, (b) 700– 1300, 
and (c) 1300– 1700.

200– 700 Ce

figure 3.5 indicates a profound, centuries- long decline in industrial 
and commercial activity in this first phase, suggesting that energy 
capture also fell.
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in principle, a famous edict on prices and wages set up by the 
roman emperor diocletian in 301 Ce ought to provide a starting 
point by allowing us to reconstruct real wages at the start of the 
fourth century, but in practice there are serious difficulties. scheidel 
calculated that the real wage for unskilled workers implied by the 
edict was just 9,376 kcal/cap/day, down from roughly 25,000 kcal/
day (but with a very wide variance of ± 12,000 kcal/day) in first- to- 
second century Ce italy. robert allen’s calculations, however, sug-
gest a real wage worth just 1,439 kcal/cap/day, as low as the most 
depressed regions in eighteenth- century europe, which would be 
hard to sustain for any length of time even if 100 percent of the 
wages were spent on food. the edict certainly seems to suggest that 
real wages fell between 150 and 301 Ce, but scheidel and friesen are 
probably right to urge that we treat its figures as wishful thinking, 
diverging significantly from real- world prices.70

several recent surveys of the archaeological evidence reinforce 
the impression of falling energy capture between 200 and 700 Ce, 
although they also show that the details and pace of change varied 
wildly from region to region.71 some new forms of energy capture, 
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such as moldboard plows and water mills, became more common 
after 200, especially on the roman core’s otherwise rather backward 
northern fringe; but the general trend ran strongly in the other 
direction.

until specialists in late roman archaeology quantify the evidence 
more precisely, it will be difficult to make accurate estimates, but 
between 200 and 700 the general picture is of large houses of stone 
and brick being replaced by smaller structures of wood and clay; 
paved streets being replaced by mud paths; sewers and aqueducts 
stopping working; life expectancy, stature, and population size fall-
ing, and the surviving people moving from cities to villages; long- 
distance trade declining; plain, handmade pottery replacing slipped, 
wheel- made wares; wood and bone tools being used more often, and 
metal ones less; factories going out of business and village craftsmen 
or household producers taking their places.72

i suggest in Why the West Rules—For Now that energy capture 
began declining in the Western core in the 160s Ce when population 
movements across the steppes merged microbes from previously dis-
tinct eastern and Western eurasian disease pools.73 figure 3.5 sug-
gests that the disruptions set off by this so- called antonine Plague 
had already begun driving energy capture down before 200 Ce.74 
the third century certainly saw decline, especially in the western 
parts of the roman empire, as the climate began deteriorating;75 but 
a second wave of collapse beginning in the fifth century had much 
more profound results. as early as 450 Ce a steep decline in material 
well- being can be seen in Britain in the far northwest. By 500 it is also 
clear in Gaul; by 600 in italy and spain; and by 700 it had engulfed 
north africa and the Byzantine heartland around the aegean.

the wave of collapse that rolled from northwest to southeast be-
tween 400 and 700 often generated complicated patterns, as wit-
nessed by the recent archaeobotanical study of a sixth- century la-
trine complex at sagalassos in western anatolia, which revealed an 
apparently contradictory combination of more intensive agriculture 
and the breakdown of the urban fabric.76 over its three- century 
course, however, the overall effects are unmistakable. the Western 
core contracted geographically, and as it shrank onto egypt, syria, 
and iraq, its smaller scale corresponded to lower per capita levels of 
energy capture.
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that said, we should recognize that the decline in energy capture 
in the Western core between 200 and 700 was not catastrophic. irri-
gation systems, cities, and rudimentary states remained intact in 
egypt and iraq, and the arab conquests may have stimulated in-
creases in agricultural productivity.77 elsewhere, even in the darkest 
days (such as the sixth century in italy or the seventh in anatolia) 
people went on gathering wood, cooking dinner, and doing most of 
the same things that they had done in the heyday of the roman em-
pire. However, their overall energy capture definitely declined. re-
cent stable isotope analyses from england, for example, show that 
very simple, monotonous cereal diets replaced the more varied 
roman- era diets in the seventh century.78

in the present state of the evidence, we can only bandy around 
impressionistic guesses based on the pictures created by specific ex-
cavation reports. My own impressionistic guess is that energy cap-
ture perhaps fell about 10 percent between 200 and 500 Ce (from 
about 31,000 kcal/cap/day in the core to about 28,000 kcal/cap/day) 
and then a further 10 percent, to about 25,000 kcal/cap/day, between 
500 and 700. egyptian and iraqi per capita energy levels probably 
fell little, if at all, between 200 and 700,79 but the collapse of italy, 
north africa, and southern Gaul resulted in energy capture in the 
West’s most developed core area being 20 percent lower in 700 than 
it had been in 200 Ce.

this is a much less dramatic collapse than figure 3.5 would seem 
to indicate (the reason being that figure 3.5 probably reflects chiefly 
those nonfood and expensive food kilocalories that changed most), 
but it might still seem like an excessive suggestion to some roman 
historians. through the nineteenth century and much of the twenti-
eth century, historians had tended to agree that edward Gibbon had 
got the main outlines of the story of late antiquity correct, but in the 
1960s critics reacted against this view. according to the most impor-
tant revisionist, Peter Brown, “it is too easy to write about the late 
antique world [of 200– 700] as if it were merely a melancholy tale of 
‘decline and fall.’” instead of Gibbon’s gloomy picture, Brown 
claimed, “we are increasingly aware of the astounding new begin-
nings associated with this period . . . we have become extremely sen-
sitive to the ‘contemporary’ quality of . . . so much that a sensitive 
european has come to regard as most ‘modern’ and valuable in his 
own culture.”80
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Brown’s goal was to remind historians that the decline- and- fall 
narrative should not obscure the complex and fascinating reality of 
late antique cultural change, but after three decades of reminders, 
many historians have now gone to the other extreme. “there is now 
a widespread conviction,” andrea Giardina has observed, “that . . . 
concepts such as ‘decline’ or ‘decadence’ are ideologically charged 
and consequently misleading.”81 Brown was quite right that we 
should see the period 200– 700 as the time of the transformation of 
classical into early medieval culture, but too many historians have 
allowed this new perspective to blind them to the fact that this was 
also an era of political and economic collapse. the strategist edward 
luttwak has recently observed that “the newly fashionable vision of 
an almost peaceful immigration and a gradual transformation into a 
benign late antiquity is contradicted by the detailed evidence of vio-
lence, destruction, and the catastrophic loss of material amenities and 
educational attainments that would not be recovered for a thousand 
years, if then.”82 i find little to disagree with in this conclusion.83

the best antidote to the gradualist model that has become popu-
lar since the 1960s is simply to compare site reports and survey data 
for virtually any part of the roman empire in the second century 
Ce with those for the same region in the seventh century Ce.84 
every site (even in egypt, which weathered the storm better than 
any other part of the roman empire) reveals falling material stan-
dards of living and energy capture.

700– 1300 Ce

While there can be little doubt that there was a general slow upward 
trend in energy capture in the Western core across these six hundred 
years, the details are difficult to pin down, largely because historians 
and archaeologists of the medieval Muslim world have paid less at-
tention to energy capture than those of classical antiquity.85

By 700 the Western core had contracted to the egypt- syria- iraq 
region. there is some evidence that energy capture was falling in 
syria by the eighth or ninth century and in iraq by the ninth or 
tenth century,86 and across the whole of southwest asia by the time 
of the eleventh- century seljuk invasions, but it seems to have re-
mained high in egypt throughout the period 700– 1300 and to have 
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risen in spain. Christian europe definitely saw a vigorous economic 
revival after 900, and by 1300 the richest area, italy, was catching up 
with the islamic core in egypt.

the Byzantine empire also saw rapid economic recovery in the 
tenth century, and in a valuable paper, the economist Branko Mila-
novic has used the relatively rich sources to calculate that the aver-
age real wage of unskilled workers in the Byzantine heartland 
around 1000 Ce was roughly $680 per year (PPP in 1990 Geary- 
Khamis international dollars).87 like the roman GdP/cap calcula-
tions, this figure considers little except food calories, and Milanovic 
allows a particularly small “step up” for nonfood income.88 He does, 
however, observe that the figure he reaches for Byzantine GdP/cap 
is roughly 20 percent lower than most estimates for GdP/cap in the 
early roman empire and 20– 25 percent higher than Jan luiten van 
zanden’s calculation for english incomes in 1086 and Gregory 
Clark’s for english builders in the early thirteenth century.89 all 
these GdP/cap studies use similar methods, suggesting that even if 
the absolute numbers understate levels of energy capture, the rela-
tive shifts over time may accurately reflect the realities.

extrapolating from these comparisons by making a bigger “step 
up” for nonfood calories, i suggest that if energy capture in the first- 
century Ce roman core was about 31,000 kcal/cap/day, in Byzan-
tium around 1000 Ce it was about 26,000 kcal/cap/day; and if  
Milanovic is correct in following robert lopez’s suggestion that 
Byz antine and abbasid energy levels were rather similar around 
1000 Ce, the score for the Western core as a whole should also be 
26,000 kcal/cap/day, with energy capture on the distant periphery in 
early- second- millennium england around 21,000 kcal/cap/day.90 if 
anything, the comparison between roman and Byzantine GdP/cap 
and real wages might slightly underestimate the overall decline in 
energy capture between 100 and 1000 Ce because the decline prob-
ably affected nonfood calories much more than food calories, and 
the Goldsmith/Maddison/Milanovic estimates largely ignore these 
nonfood calories.

if this chain of inferences is justified, we must conclude that en-
ergy capture in the Western core increased only very slightly, from 
25,000 to 26,000 kcal/cap/day, between 700 and 1000 Ce. the weak-
ness of the archaeological evidence makes it difficult to test this, al-
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though the numbers certainly seem consistent with finds from 
Greece.91 i suggest that energy capture in the core remained fairly 
flat at about 25,000 kcal/cap/day between 700 and 900, and then 
started rising in the tenth century, to 26,000 kcal/cap/day in 1000, 
before reaching perhaps 27,000 kcal/cap/day by 1300. the archaeo-
logical evidence from europe seems consistent with this, with clear 
signs of increasing household inventories, more substantial homes, 
more trade, and much more state spending.92 even on the distant 
Polish periphery, diets were much richer and more varied by the 
eleventh and twelfth centuries than previously,93 but italy seems to 
have remained the richest part of europe.

the impossibility of making direct archaeological comparisons 
between thirteenth- century italy and egypt is frustrating, but the 
real wage data collected by the economic historian sevket Pamuk 
suggest that by 1300 wages (and presumably energy capture as a 
whole) in northern italy were probably catching up with those in 
egypt and were ahead of those in Byzantium; and by 1400 italy had 
pulled ahead of egypt too (figure 3.7).94
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1300– 1700 Ce

if these estimates for energy capture in the Middle ages and modern 
times are roughly correct, then the period 1300– 1700 must have seen 
an increase of roughly 23 percent in the Western core, from about 
26,000 kcal/cap/day to about 32,000 kcal/cap/day. this would be 
faster than in any other period of the same length except for 400– 1 
BCe, which saw a 29 percent increase (24,000 kcal/cap/day to 31,000 
kcal/cap/day). the similarities between the rates of increase and 
overall scores in ancient and early modern times suggest that the 
fondness of historians for drawing analogies between these periods 
may not be misplaced.

Quite detailed series of real wages are now available for many 
european cities since the later Middle ages.95 these suggest a gen-
eral decline in wages for unskilled labor across the thirteenth and 
early fourteenth centuries followed by a great surge after 1350, when 
the Black death increased land:labor ratios. as population grew in 
the later fifteenth and sixteenth centuries real wages generally fell, 
but by 1600 a gap was opening between wages in northwest eu-
rope, which were trending back up, and those in southern and east-
ern europe, which continued to decline. By 1700 real wages for the 
unskilled in amsterdam were 30 percent higher than they had been 
in 1350 and those in london were 80 percent higher. Both these in-
creases are larger than those for energy capture mentioned in the 
previous paragraph.

angus Maddison’s estimates of GdP/cap give a rather different 
picture for the period 1500– 1700.96 Maddison calculated that pro-
ductivity continued to increase everywhere in Western europe ex-
cept italy across the sixteenth century; as he saw it, Holland and 
Britain took the lead by 1700 not because their growth revived in the 
seventeenth century while other regions went backward but because 
they grew even faster than other european economies. He identified 
a 29 percent increase in Western european productivity between 
1500 and 1700.

the difference between these pictures of real wages and GdP/
cap, like those between these measures in ancient times, is largely to 
be explained by the fact that they are measuring rather different 
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things.97 the inability of Western european lords to reassert their 
authority after the Black death caused a major shift in resources 
toward the poor, driving real wages up much faster than productiv-
ity; and as population rose in the sixteenth century, power shifted 
back toward the aristocracy and real wages declined even though 
GdP/cap continued to rise.98

the century- long surge in real wages after 1350 also obscures the 
evidence for a broader fourteenth- century depression,99 afflicting 
many dimensions of trade and industry. research in the 1990s 
showed that this was not as severe as some earlier historians had 
believed,100 but the calamities and uncertainties of the fourteenth 
century nonetheless do seem to have driven energy capture down. i 
suggest a small decline from 27,000 kcal/cap/day in 1300 to 26,000 
in 1400, but in the absence of quantified archaeological evidence 
from settlements, this can only be a guess.

the archaeological evidence for rising energy capture between 
1300 and 1700 is very clear, and seems consistent with the 23 percent 
increase suggested above, although it is not detailed enough to allow 
a test of my suggestion that levels fell 1,000 kcal/cap/day during the 
fourteenth century. the evidence for rising agricultural yields in 
northwest europe is strong,101 as is textual and material documen-
tation of the enormous increase in fishing catches and the expansion 
into new fishing grounds in the thirteenth and fourteenth centuries 
under pressure from growing urban populations.102

the increase in food calories was still not enough to affect adult 
stature noticeably, but in nonfood calories the changes were more 
striking, especially after 1500.103 details in wills and legal suits as 
well as excavated remains all suggest that in town and country alike, 
Western europeans had bigger, more sophisticated houses and a 
wider range of material goods in 1700 than they had had in 1300.104 
industrial production was rising, people were working longer hours, 
and fossil fuels such as peat and coal were beginning to contribute 
enormous amounts of energy.105 While precise comparisons neces-
sarily remain speculative, northwest european energy capture per 
capita probably overtook the roman peak (ca. 100 Ce) during the 
seventeenth century.

figure 3.8 shows the complete sequence of estimates from 500 
BCe through 2000 Ce.
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late ice age Hunter- Gatherers (ca. 14,000 BCe)

surprising as it may seem, we are on a sounder footing with esti-
mates of energy capture at the end of the ice age than in any subse-
quent era until the eighteenth century. although thousands of years 
have passed since farmers drove the last foragers out of the initial 
Western core in the Hilly flanks, and although the climate and ecol-
ogy of the region have changed dramatically, comparative studies fix 
the parameters of possible energy capture fairly precisely.

the well- established fields of bioenergetics and primate ecology 
provide a good picture of energy use among the great apes,106 our 
nearest evolutionary neighbors, and economic anthropologists have 
measured energy capture among contemporary foragers everywhere 
from hot african environments to cold siberian ones.107

the earliest known species of Homo living in east africa be-
tween 2.5 and 1.8 mya had energy needs similar to those of chim-
panzees, but the evidence is fairly good that Homo habilis ate meat 
more often than chimpanzees do,108 and they may even have become 
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active hunters rather than scavengers. it typically takes about 10 
kcal of chemical energy, photosynthesized by plants from solar en-
ergy, to produce 1 kcal of kinetic energy in an animal, so Homo ha-
bilis was already substituting expensive calories for cheap ones. 
even so, with their small bodies and brains and simple material cul-
ture, Homo habilis probably required on average only something 
like 1,500 kcal/cap/day.

energy capture probably increased significantly with the evolu-
tion of Homo erectus/ergaster in east africa around 1.8 mya. Brain 
size increased by roughly 40 percent (from 610 to 870 cc), body 
weight by 75 percent (from 35 to 62 kg), and stature by nearly 50 
percent (from 1.15 to 1.7 m).109 Homo erectus/ergaster may have 
been able to make fire at will, greatly increasing their nonfood en-
ergy capture and transforming their food in ways that allowed them 
to absorb more of its calories.110 Because the archaeological record 
before about 50 kya is so flimsy, the evidence is disputed, but recent 
finds at Gesher Benot ya’aqov in israel strongly suggest that Homo 
erectus/ergaster had mastered fire by 790 kya.111 if cooking food by 
releasing energy from wood had become a commonplace strategy, 
total energy capture among Homo erectus/ergaster may have risen 
as high as 2,000 kcal/cap/day.

as proto- humans moved north of the line 40° n, they would 
have been forced to increase energy capture to deal with the colder 
climate. there is good evidence for regular fire making 400 kya at 
Beeches Pit in Britain and schöningen in Germany.112 stable isotope 
analysis suggests that neanderthals got a tremendous amount of 
their food energy in the form of expensive meat calories,113 particu-
larly in colder regions/periods,114 and bioenergeticists have esti-
mated that they typically consumed at least 3,000 and probably 
closer to 5,500 kcal/cap/day.115

Modern humans in the late ice age needed rather fewer calories 
for food and therefore for fuel,116 but other categories of nonfood 
energy capture increased dramatically. Genetic analyses of lice sug-
gest that humans started wearing fitted clothes at least 50 kya and 
possibly 150 kya,117 and anatomical studies of fossil foot bones show 
that shoes were in regular use by at least 40 kya.118 Homo sapiens 
also began using small amounts of energy for personal decoration 
around 50 kya and much larger amounts for building shelters. ar-
chaeologists have as yet found no convincing evidence for proto- 
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humans building houses,119 but since at least 50 kya modern humans 
began investing energy in buildings. from the very earliest times, 
these buildings required the capture of thousands of kilocalories of 
nonfood energy, but repaid the effort by trapping heat from fire-
places as well as providing shelter when caves were not available.120

toward the end of the ice age, around 14,000 BCe, total human 
energy capture (food + nonfood) at sites like ohalo in the Western 
core in southwest asia must have been around 4,000 kcal/cap/day.121 
i make this suggestion because (a) food energy cannot have fallen 
much below 2,000 kcal/cap/day for long periods, (b) if nonfood en-
ergy capture had fallen much below an additional 2,000 kcal/cap/
day natufian material culture would have been much poorer than 
the archaeological record shows it to have been, and (c) if nonfood 
energy capture had risen much above an additional 2,000 kcal/cap/
day the archaeological record would be much richer than it in fact is.

from foragers to imperialists (14,000– 500 BCe)

as figure 3.9 makes clear, there is a very wide gap to fill between the 
reasonably secure estimate of energy capture for late ice age 
hunter- gatherers in the Western core (4,000 kcal/cap/day in 14,000 
BCe) to the next reasonably secure estimate, of 23,000 kcal/cap/day 
for the city dwellers of the east Mediterranean in 500 BCe. We could 
simply assume a steady growth rate, either arithmetic or geometric, 
across these 13.6 millennia, but in fact the combination of the actual 
archaeological and textual data, comparanda from economic anthro-
pology, and comparisons with the scores after 500 BCe allow us to 
be more precise (figure 3.10).

i divide the period into six phases, first briefly describing some of 
the developments in each phase in general terms and then trying to 
quantify what these changes meant for energy capture.

affluent foragers, 14,000– 10,800 BCe

the archaeological evidence seems quite clear that as the weather 
became warmer and more stable at the end of the ice age in south-
west asia, diets grew richer, huts became bigger and more elaborate, 
and material culture expanded.122 finds from abu Hureyra in syria 
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suggest that cultivation of rye had selected for bigger seeds by 11,000 
BCe.123 People in southwest asia remained foragers (and increas-
ingly sedentary ones), and in 11,000 BCe their energy capture was 
still much closer to the 4,000 kcal/cap/day of the late ice age than 
to the 12,000 kcal/cap/day that Cook ascribed to early agricultural-
ists, but we must assume a substantial increase in percentage terms 
(if not, by the standards of later times, in the absolute number of 
kilocalories) across these three millennia.

the younger dryas Mini– ice age, 10,800– 9600 BCe

What the twelve- hundred- year mini– ice age known as the younger 
dryas (10,800– 9600 BCe) meant for energy capture is debated.124 
on the one hand, many permanent villages seem to have been aban-
doned by 10,000 BCe, their residents returning to more mobile 
strategies and investing less energy in construction and material cul-
ture; on the other, the first monuments appear at sites like Qermez 
dere, Jerf al- ahmar, and Mureybet,125 implying an increase in en-
ergy capture. it seems to me that the safest procedure, at least until 
our evidence improves significantly, is to assume that energy capture 
remained basically flat between 10,800 and 9600 BCe. this involves 
a major departure from the steady arithmetic growth and the geo-
metric growth models, both of which predict that energy capture 
increased by 17 percent between 10,800 and 9600 BCe (from 9,000 
to 10,500 kcal/cap/day in the arithmetic model and from 6,000 to 
7,000 kcal/cap/day in the geometric model).

the agricultural and secondary Products  
revolutions, 9600– 3500 BCe

as the weather warmed up and settled down after 9600 BCe, we see 
two contrasting trends. first, cultivation resumed relatively rapidly. 
unnaturally large seeds of wheat and barley appear at multiple sites 
in the Jordan, euphrates, and tigris valley by 9000 BCe and be-
come normal by 8500 BCe, by which time the first fully domesti-
cated wheat and barley (with tough rachis and hulls that do not shat-
ter) is seen at a handful of sites. By 8000 BCe about half the 
carbonized cereal seeds from the “Hilly flanks” region along the 
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borderlands of modern iran, turkey, syria, lebanon, israel, and 
Jordan are domesticated; by 7500 BCe, virtually all are.126

domestication raised energy capture per hectare under cultiva-
tion and, in the short run at least, raised energy capture per capita 
too. However, one of the main uses of excess energy was to produce 
more babies, which set off a second trend. villages were caught in 
Malthusian traps: geometric population growth outpaced arithmetic 
growth in the food supply, driving the per capita food supply back 
down toward bare subsistence. together, the two trends generated 
the paradoxical result that while nonfood energy capture clearly 
rose substantially between 9600 and 3500 BCe, overall food supply 
was at best stagnant. Cheap domesticated cereal calories increas-
ingly replaced more varied diets based on hunted and gathered wild 
foods, and the skeletal record suggests that on the whole early farm-
ing populations were less healthy than preagricultural hunter- 
gatherer groups.127

excavations across the past thirty years have also revealed that 
the rate of change in energy capture after the younger dryas was 
much slower than was previously thought.128 rather than a single 
“agricultural revolution,” we should probably think of a drawn- out 
transition from full- time foraging, through a combination of forag-
ing and cultivation, to the gradual replacement of most wild and cul-
tivated food by domesticated plants and animals. the most recent 
studies suggest that this took about two thousand years, from 
roughly 9600 through 7500 BCe, in the Hilly flanks.

furthermore, this was only the first stage; the shift toward do-
mesticated plants and animals was followed by the even longer “sec-
ondary products revolution” in food energy,129 in which farmers 
gradually intensified practices and discovered new applications of 
domesticated plants and animals. it took many centuries for people 
to learn to alternate cereals with beans to replenish the soil; to pro-
cess cereals more effectively, removing impurities; to bake bread ef-
fectively; to harness animals for milk and/or traction rather than 
eating them all while still young; and to build efficient plows and 
wheeled carts. storage facilities increased in sophistication, and wells 
provided water for places streams did not reach.130

the “full package” of ancient dry- grain agriculture in southwest 
asia was not in place until at least 4000 BCe. By then weeding, ro-
tating, and manuring crops were all standard practice, significantly 
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increasing energy capture per hectare,131 even if most or all of the 
energy surplus was converted into extra people rather than into 
higher food- energy capture per capita.

the increase in nonfood energy capture was just as slow but is 
much more visible. as when trying to calculate energy capture in 
the post- roman period, the best method is simply to compare set-
tlement sites of different dates. a famous photograph from abu 
Hureyra (figure 3.11) illustrates the point nicely: at the top is part of 
a small but sturdy house built around 8000 BCe, and below are the 
remains of much flimsier huts dating back to 12,000 BCe. if we con-

figure 3.11. House remains from abu Hureyra, syria. at the bottom are postholes from 
huts of around 12,000 BCe; at the top, remains of a mud- brick house, ca. 8000 BCe. village 
on the euphrates: From Foraging to Farming at abu Hureyra by a.M.t. Moore, a. J. legge, 
and G. C. Hillman (2000); figure 5.4, p. 107. By Permission of oxford university Press, inc. 
www.oup.com.
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tinue moving through time, we find more substantial houses still by 
6500 BCe (with Çatalhöyük providing the best- known examples), 
and by 4500 BCe the ubaid phase houses of Mesopotamia were still 
more impressive. Michael roaf describes a fairly typical but particu-
larly well- preserved example, covering 170 m2, from tell Madhhur 
in iraq. By that time houses were solidly built from mud bricks, 
usually organized around a shady courtyard, with waterproof roofs, 
a well, and large storage facilities.132

typical household goods increased similarly. Pottery came into 
use around 7000 BCe, with specialist producers using the potter’s 
wheels soon after that. Weaving seems to have steadily increased in 
sophistication, and copper ornaments, tools, and weapons came into 
use by 3500 BCe. so far as i know no archaeologist has systemati-
cally quantified and compared household goods from southwest 
asia over time, but the contrast between the contents of the houses 
from abu Hureyra (ca. 12,000 and 8000 BCe) and tell Madhhur 
(ca. 4500 BCe) is striking.

the energy consumed on public monuments of various types 
also increased sharply. Jericho had some kind of fortification tower 
as early as 9000 BCe, but this pales in comparison with the elabo-
rate temple at eridu or the enormous earth platform heaped up at 
susa by 3500 BCe. figure 3.12, a reconstruction drawing of the se-
quence of temples at eridu from 5000 through 3500 BCe, makes the 
point about increasing nonfood energy capture as effectively as the 
photograph of the abu Hureyra houses.133

energy captured for transport also increased. the first unambig-
uous evidence for linking animal power to wheeled vehicles is su-
merian representations of ox- drawn carts from around 4000 BCe, 
and by 3000 BCe actual carts were being included in tombs.134 Wind 
and waterpower were also harnessed; canoes were being used for 
fishing by 5000 BCe, and models from eridu show that proper 
boats were in use by 4000.

the increase in nonfood energy capture between 9600 and 3500 
BCe is very clear.135 as in the case of the affluent foragers of 14,000– 
11,000 BCe, though, we should remember that while the increase in 
energy capture between 9600 and 3500 must have been very large in 
percentage terms, in terms of absolute kilocalories it was neverthe-
less small by modern standards. even at the end of this long period, 
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people in the Western core were still villagers, their energy capture 
somewhere around Cook’s “early agriculturalists” stage in figure 3.1.

archaic states, 3500– 1200 BCe

the rate of increase in energy capture accelerated after 3500 BCe 
with the development and spread of states with centralized govern-
ments in the Western core. once again the lack of a systematic col-
lection of data on skeletal stature hampers discussion, as does the 
scarcity of stable isotopic and other anthropological analyses of pa-
leodiet, but the general impression created by the scattered data is 
that there was relatively little overall change in food calorie intake.

We can sketch very generalized pictures of diet and nutrition in 
different parts of the Western core,136 but more detailed studies re-
veal enormous local variation.137 there probably was a long- term 
trend toward higher yield: seed ratios across the third and second 
millennia (reaching perhaps 30:1 in irrigated Mesopotamian barley 
farming by 2000 BCe),138 but population seems to have increased 
just as quickly, consuming the gains.

as in earlier periods, however, we also see a large increase in  
per capita capture of nonfood calories. the most striking aspect is 
the spread of metal use, which gives the period its standard name, 
the Bronze age. royal bureaucratic records document enormous 
bronze foundries at palaces, and excavators have found plenty of 
examples of private foundries.139 stone tools largely disappeared 
from the Western core by 1200 BCe.

the famous pyramids, ziggurats, palaces, and temples of the 
Bronze age of course consumed massive amounts of energy.140 the 
Great Pyramid at Giza (ca. 2600 BCe) is still the world’s heaviest 
building, weighing around a million tons. the scale of long- distance 
trade also increased sharply, especially after 1600 BCe, and is viv-
idly illustrated by shipwrecks found off the coast of turkey.141 
Most important of all, though, is the increase in energy consumed 
by the much larger populations of the third and second millennia 
BCe. in every part of the core, standards of housing and the quan-
tity and craftsmanship of household goods rose between 3500 and 
1200 BCe.142
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as in other periods, there is strong regional variation as well as 
local episodes of collapse. in the aegean, for instance, the neopala-
tial period (ca. 1800– 1600 BCe) on Crete was a time of apparent 
wealth, with very large houses (median size of floor plan 130 m2)143 
and rich material culture. after 1600 BCe, however, nonfood wealth 
seems to have declined on Crete, while continuing to increase in 
mainland Greece.

the biggest episodes of collapse in this period seem to have been 
in Mesopotamia after 3100 BCe, when uruk was burned and its 
large material culture zone broke up, and across the whole area 
from Mesopotamia through syria and the levant to egypt (and 
with echoes across much of the Mediterranean) between 2200 and 
2000 BCe. However, while both these episodes left clear archaeo-
logical traces, it is less obvious that they had much impact on energy 
capture.

there seem to be several reasons for this. a large part of the ex-
planation is that both collapses were in fact very spotty, with some 
sites destroyed and abandoned while others flourished (e.g., in syria, 
tell leilan and sweyhat were abandoned around 2200 BCe, while 
tell Brak and Mozan grew even larger). archaeologists disagree 
over the underlying causes, and some even debate whether “col-
lapse” is an appropriate term.144

a second factor is the emergence of a new core area in egypt by 
3100 BCe. the nile valley was unaffected by the 3100 BCe col-
lapse, and while the disasters after 2200 BCe did have a major im-
pact on egypt, they did so on a different schedule than in Mesopo-
tamia. By 2100 egypt’s old Kingdom and Mesopotamia’s akkadian 
empire had both unraveled, but the strong new ur iii state had re-
united much of Mesopotamia. By 2000 ur had also collapsed, but 
the Middle Kingdom had reunited egypt. despite the obvious trau-
mas of the 2200– 2000 BCe period, energy capture seems to have 
kept growing in the Western core. the same is true of the new round 
of upheavals between 1800 and 1550 BCe.

finally, the way i have measured energy capture may understate 
the impact of the crises. in this stretch of early history i calculate 
scores every half millennium until 2500 BCe and every quarter mil-
lennium between 2500 and 1500 BCe. the 3500 BCe score mea-
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sures energy capture before the uruk collapse, and while Mesopota-
mian energy capture may still have been lower in 3000 BCe than it 
had been before 3100 (the evidence is not very clear), egyptian en-
ergy capture was definitely higher by 3000 BCe than Mesopota-
mian had been in 3500. similarly, the 2250 BCe calculation shows 
energy capture before the great collapse began, and although Meso-
potamia was still in chaos in 2000 BCe, order had by then been re-
stored in egypt. as i noted in chapter 2, the inevitable result of tak-
ing measurements at widely separated points is to smooth the 
realities of change.

so long as we set the threshold for urbanism low (at around five 
thousand people), we can say that by 1250 BCe many people in the 
Western core had become city dwellers, and the majority of the pop-
ulation in Western eurasia lived in archaic states with functioning 
centralized governments. they had moved far beyond the 12,000 
kcal/cap/day energy capture of the early agriculturalist stage in 
Cook’s diagram (figure 3.1), although comparison of even the rich-
est late Bronze age settlements such as ugarit (destroyed ca. 1200 
BCe) with classical Greek settlements such as olynthus (destroyed 
in 348 BCe) suggests that Bronze age societies had not matched the 
classical Greek level of roughly 25,000 kcal/cap/day.145

the end of the Bronze age, 1200– 1000 BCe

the collapse that spread over the entire Western core between 1200 
and 1000 BCe provides the first indisputable evidence of falling en-
ergy capture.146 in the worst affected regions (modern Greece and 
turkey), cities and elaborate elite monuments disappeared alto-
gether, and even in the least affected area (egypt), there was a sharp 
decline in elite activity.

there is not much evidence so far for changes in ordinary peo-
ple’s lives in egypt, but in syria, israel, and the aegean, standards of 
housing, the quantity and quality of material goods, and the scale of 
exchange networks all fell sharply.147 again the lack of large- scale 
systematic skeletal comparisons is a problem, but in the aegean,  
at least, adult age at death declined and there is some evidence for  
increased morbidity, and a downward trend in adult stature is 
unmistakable.148
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the early iron age, 1000– 500 BCe

energy capture must have risen quite sharply to get from the post– 
Bronze age trough around 1000 BCe to the figure of around 25,000 
kcal/cap/day calculated for 500 BCe, the beginning of the classical 
period of Mediterranean antiquity.

Most of the available data belong to the same categories used for 
earlier periods. as usual, elite monuments are the most obvious evi-
dence: the sixth- century BCe Persian palaces at Persepolis and the 
temples and palaces of Babylon dwarf anything from the previous 
few centuries, as do temples like that of artemis at ephesus or Capi-
toline Jupiter in rome, on the fringes of the expanding core.

the housing evidence is less straightforward in the core itself, 
where multiroom rectilinear houses typically covering 50– 100 m2 
had been normal for centuries, but in israel substantial, two- floored 
“pillared houses” became more common, larger, and more lavish be-
tween 1000 and 500 BCe. farther west in the Mediterranean, multi-
room rectilinear houses steadily displaced smaller, curvilinear, 
single- room ones. the process had begun in Greece by 750 BCe 
and was largely complete by 500; in southern italy and sicily it 
began by 600 and had run its course by 400; and in southern france 
it began around 400 and was nearly complete by 200 BCe.149

in Greece, the evidence for stature is somewhat mixed, but aver-
age adult ages at death definitely rose between 1000 and 500 BCe, 
and morbidity probably declined, suggesting that underlying en-
ergy capture also increased. the direct evidence for diet remains un-
clear, however, because at present intersite variability in food re-
mains generally swamps diachronic trends.150

another very striking change was the spread of iron, which 
greatly multiplied the effectiveness of muscle power. the metal had 
been in occasional use since quite early in the second millennium 
BCe, but soon after 1100 BCe smiths on Cyprus turned to it more 
systematically. this was probably a response to the difficulty of ob-
taining tin for bronze when trade routes collapsed after 1200 BCe, 
but by the time trade revived on a large scale after 800 the advantages 
of iron (especially its abundance and cheapness) had become clear, 
and iron remained the normal material for tools and weapons.151 By 
1000 BCe nearly all weapons in Greece were made from iron, and 
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around 700 the first iron tools appear in Greece. By then iron weap-
ons were also normal in italy, southern france, and eastern spain.152

the incorporation of the central and western Mediterranean be-
tween 800 and 500 BCe was the most rapid expansion the Western 
core had yet seen. While economic activity certainly increased in the 
old southwest asian core, it did so much faster in Greece, italy, 
spain, southern france, and what is now tunisia.153 the most easily 
quantifiable evidence comes from the shipwrecks and pollution re-
cords (figure 3.5).

estimates are once again hampered by the lack of systematic col-
lections of skeletal, housing, and other forms of evidence outside 
Greece, but the overall picture seems clear: energy capture rose in 
the Western core—as fast, probably, as it had ever done before—be-
tween 1000 and 500 BCe. it rose particularly quickly in the central 
and western Mediterranean basin.

Calculating the scores

one way to fill the 13,500- year gap between the energy capture 
score of 4,000 kcal/cap/day in 14,000 BCe and that of 23,000 kcal/
cap/day in 500 BCe would be by simply assuming constant growth 
rates, either arithmetic or geometric (figure 3.13). However, the evi-
dence discussed in this section suggests that that would lose signifi-
cant amounts of information.

the archaeological evidence shows very clearly that energy cap-
ture increased much faster in the last few millennia BCe than it did 
in the late ice age and immediate post– ice age period, meaning 
that the arithmetic growth curve must be very misleading. a con-
stant geometric increase (of 0.013 percent per annum) would ap-
proximate better to the facts, but even that would leave out signifi-
cant details, such as the younger dryas interruption of 10,800– 9600 
BCe, the apparent acceleration after about 3500 BCe, and the de-
cline in energy capture after 1200 BCe. the best estimated curve 
seems certain to lie beneath the geometric curve as well as the arith-
metic curve; its growth rate will be exponential, but the exponent 
will generally increase over time.

other than these basic observations, however, we have no fixed 
points, and the only way we can proceed is by making estimates and 
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comparing these estimates with the actual archaeological evidence, 
the comparative evidence, and the scores we have already estimated 
for the period 500 BCe– 2000 Ce.

Between 14,000 and 10,800 BCe, energy capture increased, but 
extremely slowly. settlements such as pre– younger dryas abu 
Hureyra reveal people capturing more energy than late ice age 
sites such as ohalo. i would guess that the increase was something 
like 1,000 kcal/cap/day, from 4,000 to 5,000 kcal/cap/day (i.e., a 25 
percent increase across 3,200 years, or 0.007 percent per annum). i 
have no firm basis for this proposal. Possibly the increase in the size 
and sophistication of houses, the complexity of food preparation, 
and the expansion of material culture represented just a 500 kcal/
cap/day increase (i.e., 12.5 percent); perhaps it represented a 2,000 
kcal/cap/day increase (i.e., 50 percent). Both those numbers seem 
extreme to me, but even if one of them is closer to the truth than my 
1,000 kcal/cap/day estimate, the amount of change between 14,000 
and 10,800 BCe was still very small, and assuming that energy cap-
ture in 10,800 BCe was 4,500 kcal/cap/day or 6,000 kcal/cap/day 
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rather than 5,000 kcal/cap/day would make only a minor difference 
to the calculations that follow.

as mentioned in section above, there are conflicting signs in the 
evidence for the younger dryas period (10,800– 9600 BCe), so i 
have decided simply to treat energy capture as flat across this twelve- 
hundred- year period. again, this may be a mistake; perhaps energy 
capture fell back (though not all the way to 14,000 BCe levels) or 
perhaps it continued to rise (though not as quickly as between 
14,000 and 10,800 BCe). as with the earlier period, though, the 
amounts involved are tiny, and errors in estimation are in any case as 
likely to cancel each other out as to compound each other.

Between 9600 and 3500 BCe, the increase in energy capture 
seems to have been far larger than that between 14,000 and 10,800 
BCe. Cook estimated that energy capture had already risen to 
12,000 kcal/cap/day by 5000 BCe, just slightly below the level of 
13,000 kcal/cap/day implied by the geometric curve. the evidence 
now available makes that seem much too high. Cook may have  
assumed—as archaeologists sometimes did in the mid- twentieth 
century—that the agricultural revolution was a single, fairly rapid 
transformation, whereas we now know that cultivation and domes-
tication were processes spread across about four thousand years and 
were merely the first stages of an ongoing secondary products revo-
lution that lasted in southwest asia until about 4000 BCe.154 i sug-
gest that total energy capture roughly doubled between 9600 and 
3500 BCe, from about 5,500 kcal/cap/day to 11,000 kcal/cap/day (a 
rate of 0.013 percent per annum, almost double that of the period 
14,000– 10,800 BCe), rather than more than doubling by 5000 BCe, 
as Cook suggested. His estimate gives a growth rate of 0.017 percent 
per annum between 10,800 and 5000 BCe; if that were extended out 
to 3500 BCe it would produce a score of 15,500 kcal/cap/day in that 
year. if, as i suggest below, energy capture almost doubled again be-
tween 3500 and 1200 BCe, late Bronze age energy capture would 
have reached 30,000 kcal/cap/day—almost the same as the score at 
the height of the roman empire in the first century Ce, song dy-
nasty China in the twelfth century Ce, or the West european and 
Chinese cores around 1600 Ce.

that seems very improbable. if Cook’s estimate of 12,000 kcal/
cap/day in 5000 BCe were correct, the only way to preserve a plau-
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sible relationship with later figures would be by assuming a drastic 
slowdown in the growth rate after 5000 BCe. if growth fell to just 
0.015 percent per annum (lower, that is, than Cook’s estimate of 
0.017 percent for the period 9600– 5000 BCe), that would bring the 
score for 1200 BCe down to 21,000 kcal/cap/day, as in my esti-
mate. However, the archaeological evidence is hard to reconcile 
with slower growth after 5000 BCe than before. it seems to me 
that Cook’s energy capture estimate for the Western core around 
5000 BCe of 12,000 kcal/cap/day must be too high. if energy cap-
ture increased roughly 50 percent between 10,800 and 5000 BCe, 
from 5,500 to about 8,000 kcal/cap/day (rather than more than 
doubling, from 5,500 to 12,000 kcal/cap/day, as Cook suggested), 
and then increased by roughly another one- third (from 8,000 to 
11,000 kcal/cap/day) between 5000 and 3500 BCe, we get a much 
more plausible picture of neolithic energy use and its relationship 
to the Bronze age. i suggest that energy capture increased to 
8,000 kcal/cap/day in 5000 BCe and then to 11,000 kcal/cap/day in 
3500 BCe.

Between 3500 and 1300 BCe—roughly from the age of uruk to 
the age of ramses the Great—i suggest that energy capture roughly 
doubled again, from 11,000 to 21,500 kcal/cap/day (a rate of increase 
of 0.029 per cent per annum, just over twice as fast as between 9600 
and 3500 BCe, and four times as fast as between 14,000 and 10,800 
BCe). if this is correct, my estimated growth curve caught up with 
the geometric curve (figure 3.13) in the thirteenth century BCe. the 
figure in 1300 BCe could, of course, be somewhat higher or lower, 
but any really big changes (say, down to 18,000 or up to 25,000 kcal/
cap/day) would mean assuming either strangely slow or strangely 
fast rates of change in the early first millennium BCe.

the scale of decline in energy capture between 1300 and 1000 
BCe is hard to estimate. i have suggested that the figure fell slightly 
during the thirteenth century, from 21,500 to 21,000 kcal/cap/day, 
then faster, from 21,000 to 20,000 kcal/cap/day, between 1200 and 
1000 BCe (a rate of change of – 0.025 percent per annum between 
1200 and 1000 BCe). the bottom of the trough may have been a 
little deeper, in which case growth in the early first millennium BCe 
must have been slightly faster to reach 23,000 kcal/cap/day by 500 
BCe, or slightly shallower, in which case subsequent growth must 
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have been a little slower. However, the claim made by some archae-
ologists in the 1990s that there was really little or no post- 1200 BCe 
collapse seem to me misguided, rather like the suggestions that there 
was no post- roman collapse.155

if these numbers are roughly correct, energy capture must have 
risen by about 15 percent between 1000 and 500 BCe, from ap-
proximately 20,000 to 23,000 kcal/cap/day (a growth rate of 0.029 
percent per annum, slightly faster than the rate estimated for 3500 
through 1200 BCe). By my estimates, energy capture rose a further 
35 percent between 500 and 1 BCe (from 23,000 to 31,000 kcal/cap/
day).

in figure 3.5, showing shipwrecks and lead pollution as proxies 
for long- distance trade and metalworking, 15 percent of the first- 
millennium BCe increase comes before 500 BCe and the other 85 
percent after 500 BCe. this may mean that my estimates for 1000 
BCe (and, by implication, for 1300 BCe) are too low; or it may just 
reflect the fact that the bulk of the large population increase in the 
first- millennium BCe Mediterranean (scheidel estimates that the 
population roughly quadrupled between 1200 BCe and 150 Ce)156 
came after 500 BCe, meaning that while the aggregate increase in 
trade and industry seems to be heavily weighted toward the late first 
millennium, the per capita increase was less heavily weighted.

Western energy Capture: discussion

figures 3.2 and 3.3 show the scores i have calculated for Western 
energy capture for the whole period between 14,000 BCe and 2000 
Ce. By their very nature, such graphs involve a lot of approxima-
tion. it is hard to imagine that every number could possibly be cor-
rect, which means (as noted in chapter 2) that the appropriate ques-
tion to ask is not whether all the numbers are right—we can be sure 
they are not—but whether they are so wrong that they seriously 
misrepresent the shape of the history of Western energy capture.

to this question, i think the answer must be no. the scores are 
certainly within the right order of magnitude, and, for reasons i dis-
cuss in Why the West Rules—For Now,157 the range of systematic 
errors is probably less than ± 20 percent. the most serious concern, 
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however, must be how much the unsystematic errors distort the 
shape of the graph.

figure 3.14 shows what the energy curve would look like if, for 
example, the increase in energy capture across the first millennium 
BCe was in reality just half what i have estimated (i.e., growing 
from 20,000 kcal/cap/day in 1000 BCe to 25,500 kcal/cap/day, 
rather than 31,000 kcal/cap/day, in 1 BCe/Ce) while the increase 
between 700 and 1500 Ce was twice as large as i estimated (i.e., from 
25,000 to 29,000 kcal/cap/day rather than from 25,000 to 27,000 
kcal/cap/day). these are rather drastic revisions, which strike me as 
difficult to justify from the surviving evidence; yet they make very 
little difference to figure 3.14. the increase in energy capture be-
tween 1000 BCe and 2000 Ce becomes smoother (this is easier to 
see in figure 3.15, which presents both the actual estimates and these 
revised estimates and covers just the period 1500 BCe– 2000 Ce), 
but the basic pattern remains much the same.

We can experiment with any number of hypothetical modifica-
tions, but the main value of such thought experiments is to show 
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just how radically we would need to change the scores to have a seri-
ous impact on the fundamental shape of the history of Western en-
ergy capture. the basic pattern—a very long period of extremely 
slow growth from the end of the ice age to the rise of the state (i.e., 
from about 14,000 to about 3000 BCe), accelerating but still very 
slow growth in the age of early states and empires (roughly 3000– 1 
BCe), fluctuations pressing against an agrarian ceiling slightly above 
30,000 kcal/cap/day (roughly 1– 1600 Ce), a brief period when the 
agrarian ceiling was pushed upward (1600– 1800 Ce), and finally a 
(so far) brief period of explosive growth (1800 to present)—is very 
clear.

economists regularly assume that nothing important changed 
until the industrial revolution. Gregory Clark’s claim (cited earlier 
in this chapter) that “the average person in the world of 1800 [Ce] 
was no better off than the average person of 100,000 BC” and his 
accompanying graph (figure 3.16), representing premodern living 
standards as a random walk around a Malthusian ceiling, are un-
usual only in being so explicit; but they are mistaken all the same. 
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there were enormous increases in energy capture between the end 
of the ice age and 1800 Ce. as Malthus himself recognized (see 
“the Cook framework,” above), however, these must be divided 
into food and nonfood calories. increases in food calories per unit of 
land were quickly consumed when people converted the energy 
windfall into more babies, but increases in nonfood energy capture 
were not canceled out, and the archaeological record attests a strik-
ing accumulation across the past sixteen millennia. the upward 
trend in figures 3.2 and 3.3 was interrupted by various collapses, 
most strikingly after 1200 BCe, 200 Ce, and 1300 Ce, but each of 
these wiped out only part of the preceding increase and proved 
temporary.

estiMates of eastern enerGy CaPture

Much less research has been done on eastern energy capture than on 
Western, and there is a particular dearth of quantitative estimates. 
yet while much remains to be done, the main outlines are reason-
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ably clear. at the end of the last ice age, around 14,000 BCe, per 
capita energy capture in the most favored regions of the east was 
rather similar to that in the West, at around 4,000 kcal/cap/day. for 
geographical reasons (in this case, ecological differences that had led 
to the evolution of more potentially domesticable species of plants 
and anials in Western eurasia than in eastern), eastern scores ini-
tially rose more slowly than those in the West, with the first clear 
signs of cultivation and domestication of plants running about two 
thousand years behind those in the Western core. the increase in 
eastern scores began accelerating by 3000 BCe. as in the West, 
there was a serious collapse in the early first millennium Ce. eastern 
energy capture quickly recovered, and was moving upward again by 
400 Ce, but did not reach the agrarian ceiling of roughly 30,000 
kcal/cap/day until after 1000 Ce. after another serious collapse be-
tween 1200 and 1400 Ce the eastern score returned to the agrarian 
ceiling by 1600, passed it by 1700, and then grew rapidly (relative to 
earlier periods) across the eighteenth, nineteenth, and twentieth cen-
turies. table 3.4, figure 3.17, and figure 3.18 show my estimates for 
eastern energy capture since 14,000 BCe.

in comparative terms, the scores for the eastern core seem to 
have been lower than those for the Western core throughout prehis-
tory and antiquity and again in the nineteenth and twentieth centu-
ries Ce, but were higher in what Western historians call the Middle 
ages and early modern times, from roughly the mid- first through 
the mid- second millennium Ce. refining the comparisons, though, 
is more difficult.

in this section i begin with the most recent period, since 1800 
Ce. next, as i did in my analysis of Western energy capture, i jump 
back in time to better- known periods (first the song dynasty of 960– 
1279 Ce and then the Han dynasty of 206 BCe– 220 Ce) before 
filling in the gaps. finally i will turn to the prehistoric east.

the recent Past, 1800– 2000 Ce

as in the Western core, high- quality statistics are available for en-
ergy capture in 2000 Ce, putting total food + nonfood per capita 
energy capture in the eastern core (in Japan) at about 104,000 kcal/
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cap/day158—less than half the 230,000 kcal/cap/day consumed in the 
united states, but much higher than in any earlier period of eastern 
(or Western) history.

reliable government statistics do not go back very far in the east, 
and (as in the West) the problems are compounded by the scarcity of 
quantitative data on biomass used for fuel, housing, clothing, and so 

Date
kcal/cap/ 

day Points

500 BCe 21,000 22.88
400 BCe 22,000 23.97
300 BCe 22,500 24.52
200 BCe 24,000 26.15
100 BCe 25,500 27.79
1 BCe/Ce 27,000 29.42
100 Ce 27,000 29.42
200 Ce 26,000 28.33
300 Ce 26,000 28.33
400 Ce 26,000 28.33
500 Ce 26,000 28.33
600 Ce 27,000 29.42
700 Ce 27,000 29.42
800 Ce 28,000 30.51
900 Ce 29,000 31.06
1000 Ce 29,500 32.15
1100 Ce 30,000 32.69
1200 Ce 30,500 33.24
1300 Ce 30,000 32.69
1400 Ce 29,000 31.06
1500 Ce 30,000 32.69
1600 Ce 31,000 33.78
1700 Ce 33,000 35.96
1800 Ce 36,000 39.23
1900 Ce 49,000 53.40
2000 Ce 104,000 113.33

Date
kcal/cap/ 

day Points

14,000 BCe 4,000 4.36
13,000 BCe 4,000 4.36
12,000 BCe 4,000 4.36
11,000 BCe 4,000 4.36
10,000 BCe 4,000 4.36
9000 BCe 4,500 4.90
8000 BCe 5,000 5.45
7000 BCe 5,500 5.99
6000 BCe 6,000 6.54
5000 BCe 6,500 7.08
4000 BCe 7,000 7.63
3500 BCe 7,500 8.17
3000 BCe 8,000 8.72
2500 BCe 9,500 10.35
2250 BCe 10,500 11.44
2000 BCe 11,000 11.99
1750 BCe 13,000 14.17
1500 BCe 15,000 16.35
1400 BCe 15,500 16.89
1300 BCe 16,000 17.44
1200 BCe 16,000 17.44
1100 BCe 16,500 17.98
1000 BCe 17,000 18.52
900 BCe 17,500 19.07
800 BCe 18,000 19.61
700 BCe 18,500 20.16
600 BCe 20,000 21.79

table 3.4 
eastern energy capture, 14,000 BCe–2000 Ce
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on in peasant households.159 in 1900 Japan burned three million tons 
of coal (roughly 500 kg of coal per person per year, or a little over 
500 kcal/cap/day, as compared to 181 million tons = 4.36 tons/cap/
year = roughly 40,000 kcal/cap/day in Britain in 1903) and only a 
tiny amount of oil.160 Biomass use, however, became efficient as well 
as intensive as population pressure increased across the eighteenth 
and nineteenth centuries and the resource base was steadily de-
graded,161 probably rivaling that in the advanced organic economies 
of eighteenth- /nineteenth- century northwest europe. Put together, 
these various sources suggest energy capture just under 50,000 kcal/
cap/day in the eastern core in Japan in 1900 Ce.

early- twentieth- century peasant life in northern China is rela-
tively well documented.162 Coal and bean curd fertilizer were widely 
used in the nineteenth century. By 1900 living standards were typi-
cally lower than in Japan and in some places were actually falling, 
but energy capture must have been well over 40,000 kcal/cap/day.

standards of living in the nineteenth- century east (and particu-
larly China) have been intensely debated since the 1990s, to the 
point that they have become the major battleground between long- 
term lock- in and short- term accident theories of Western rule.163 
for most of the twentieth century, the dominant theory among his-
torians was that the Chinese economy had stagnated between 1400 
and 1900. angus Maddison, for instance, estimated that Chinese 
GdP/cap rose from $450 to $600 (PPP, 1990 Geary- Khamis inter-
national dollars) between 1000 and 1500 Ce, then stayed at $600 for 
the entire period between 1500 and 1820. similarly, dwight Perkins 
suggested that after vigorous growth and innovation during the 
Middle ages, agriculture reached its limits in yuan dynasty times 
(1279– 1368 Ce), and thereafter the best practices spread across 
China from the agrarian core in southern China but few important 
new techniques were added. Mark elvin made a broader argument 
that after coming close to an industrial takeoff in song dynasty times 
(960– 1279 Ce), China entered what he called a “high- level equilib-
rium trap,” in which traditional muscle-  and water- powered tech-
nologies had become as efficient as they could get, but there were 
insufficient incentives to make the leap to fossil- fuel technologies. 
implicitly or explicitly, views of this kind suggested that per capita 
energy capture in the eastern core barely changed between the es-
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tablishment of the Ming dynasty in 1368 and the intrusion of euro-
peans in the 1840s.164

these theories came under serious attack in the 1990s, in part be-
cause the People’s republic had opened many of its Ming- Qing ar-
chives to scholars in the 1980s.165 Historians found abundant evi-
dence for economic change, especially in Qing times (1644– 1911), 
and Kenneth Pomeranz in particular argued that the trajectory in 
the eighteenth-  to nineteenth- century yangzi delta, the most eco-
nomically advanced part of China, had far more similarities with 
than differences from the trajectory in Western europe. the forms 
of its proto- industrialization were similar, he argued, as was its in-
dustrious revolution. Pomeranz also suggested that living standards 
were rising in Qing China despite rapid population growth, calcu-
lating that nineteenth- century Chinese adult males typically con-
sumed between 2,386 and 2,651 food calories per day, roughly the 
same as those in Britain. Chinese consumption of sugar, tobacco, 
candles, furniture, and meat also seems to have risen, and cotton 
clothing spread throughout the population.166

the older, more pessimistic picture of agricultural involution in 
the east between 1400 and 1900 still has defenders, but as long- term 
data on eastern real wages and agricultural yields improve, it in-
creasingly looks as if some compromise between the two theories 
makes most sense.167 as the pessimists argue, output per agricultural 
worker did decline between 1600 and 1800 (figure 3.19). it remained 
very high, though, and as late as 1700, farm laborers in the yangzi 
delta were probably more productive than those anywhere in 
europe.

By contrast, as the optimists suggest, real wages did increase 
slightly in Beijing between 1738 and 1900 (figure 3.20), but they re-
mained very low, having far more in common with wages in back-
ward southern europe than those in dynamic northwest europe. 
in 1738, real wages in Beijing, shanghai, suzhou, and tokyo bought 
less than half as much as wages in london or amsterdam, but were 
roughly comparable with those in southern (Milan) or Central 
(leipzig) europe. eastern wages in fact remained very similar to 
those in southern european until 1918, but by 1820 Central euro-
pean wages had pulled away and were gaining on those in Britain.
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We can conclude that in 1800 energy capture in the eastern core 
was lower than in the Western core, but not much lower. By my cal-
culations, Western energy capture was around 38,000 kcal/cap/day 
at that point. in the eastern core agricultural output was high and a 
great deal of coal was being used for heating and cooking, but there 
was no steam power, and the real wage data suggest that overall liv-
ing standards were lower than in northwest europe. i suggest that 
typical eastern energy capture in the core (northern and coastal 
China plus Japan) was around 36,000 kcal/cap/day. it could not have 
been much above this level without catching up with Western en-
ergy levels, nor could it have fallen much below 36,000 kcal/cap/day 
without sinking to the level of the roman empire, which seems 
unlikely.

these figures suggest that energy capture in the eastern core 
began the modern period (for these purposes, around 1800 Ce) 
only slightly behind the West (figure 3.21). Contrary to the tradi-
tional/pessimistic view, the nineteenth century did see rising en-
ergy capture in the east, but the increase was much smaller than  
in the West. rather than an eastern decline, the redistribution of 
global power in the nineteenth- century West’s favor was driven by 
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the Western takeoff. likewise, the east’s growing global stature in 
the twentieth century was driven not by a Western decline but by 
the east learning to exploit fossil energy sources that had been pio-
neered by Westerners.

song dynasty China (960– 1279 Ce)

the song dynasty probably saw the peak of premodern energy  
capture in China. Population grew very rapidly, from around 50 
million in the early tenth century to over 120 million by 1200, but all 
the signs suggest that living standards and energy capture rose even 
faster.

the clearest textual evidence comes from metallurgy, with its vast 
demands for fuel. fifty years ago the economic historian robert 
Hartwell reanalyzed song tax receipts and argued that eleventh- 
century iron production had been twenty to forty times greater than 
historians had previously recognized. He calculated that in 1078 
total taxed output was 75,000 to 150,000 tons, a twelvefold increase 
over Chinese production in 850 Ce. Moreover, Hartwell pointed 
out, Chinese output in 1078 was roughly 2.5 times higher than that 
of england and Wales in 1640, more than half as much as was pro-
duced in the whole of europe in 1700, and about the same as was 
produced in China each year between 1930 and 1934.168

Hartwell’s analysis of the texts has been challenged, and in his vol-
ume of Science and Civilisation in China, Peter Golas suggested that 
his iron output figures were off by an entire order of magnitude.169 
More recently, however, donald Wagner has concluded in his own 
volume of Science and Civilisation in China that while Hartwell’s 
readings of these difficult texts are flawed, his numbers must be 
roughly right.170 the Chinese historian Qi xia has independently 
concluded that the enormous expansion of iron tools in farming 
meant that the needs of eleventh- century peasant households must 
have accounted for seventy thousand tons of metal per year;171 and 
the state’s demand for iron coins and weapons may have been even 
larger. Copper production was equally extraordinary, increasing 
fivefold from 2,420 tons in 997 to 12,982 tons in 1070—more than the 
entire world would be producing in 1800 Ce.172 in the eleventh and 
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twelfth centuries the by- products of Chinese metalworking for the 
first time left traces in the Greenland and antarctic ice caps, just as 
roman silver processing had done a thousand years before.173

Hartwell consistently likened the expansion of song dynasty 
metallurgy to that in england between 1540 and 1640, and suggested 
that—like the english example—one consequence was the increas-
ing substitution of fossil fuels for charcoal in iron smelting. if Chi-
nese ironmasters had powered their foundries solely with charcoal, 
in 1080 they would have needed to burn 22,000 mature trees, far 
beyond what was available around Kaifeng. instead, they learned to 
smelt iron with coke and turned to large- scale coal mining. By 1050 
so much coal was being mined that it was 30– 50 percent cheaper 
than wood for household cooking and heating. By 1075 Kaifeng had 
special markets that dealt in nothing but coal, and government doc-
uments from 1096 discuss the coal supply without even referring to 
wood as a heat source.174 Confirmation of this shift comes from re-
cent analyses of iron and steel artifacts found in Mongolia, on the 
edge of the song empire, which show that coal replaced charcoal for 
smelting in the tenth, eleventh, and twelfth centuries.175

unfortunately there are as yet no statistics from excavated ship-
wrecks, animal bones, and so on to parallel those from the Western 
core between 900 BCe and 800 Ce (see figure 3.5), but the qualita-
tive evidence from literature, art, and standing remains testifies to 
the huge expansion of trade, commerce, and manufacturing and the 
widespread use of spinning machines and water mills.176 the numer-
ous song dynasty shipwrecks that have been looted off the Guang-
dong coast since the 1980s suggest that ships were becoming bigger 
and cargoes richer, and in 2007 the properly excavated nanhai 1 ship 
confirmed this.177

Houses may also have become more substantial, and in twelfth- 
century Hangzhou two- story buildings were the norm, in striking 
contrast to older Chinese cities. Most people, however, probably 
still lived in one-  and two- room wooden huts.178 there is some evi-
dence for the growth of mass markets for ceramics and other house-
hold goods, but i am not aware of any statistical studies of domestic 
assemblages.

the eleventh and twelfth centuries certainly saw high (by pre-
modern standards) levels of energy capture, but it is difficult to fix 
them in absolute terms. the scale of iron production and the pres-
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ence of Chinese pollution in the ice cores suggests that energy cap-
ture was somewhere around the level attained by the roman empire 
a thousand years earlier (31,000 kcal/cap/day) or that reached in 
Western europe around 1700 Ce (32,000 kcal/cap/day); the absence 
of anything we might call an industrial revolution, however, sug-
gests that it did not approach what we see in Western europe by 
1800 (38,000 kcal/cap/day). i tentatively suggest that song- era en-
ergy capture remained very slightly below roman levels, hitting 
30,000 kcal/cap/day in 1100 and perhaps nudging just slightly over 
that figure by 1200 (figure 3.22). a figure slightly above roman lev-
els, perhaps even matching the european score of 32,000 kcal/cap/
day in 1700 Ce, seems equally plausible, but much higher or much 
lower figures—reaching, say, 35,000 kcal/cap/day or sinking below 
25,000 kcal/cap/day—seem very unlikely.

early Modern China (1300– 1700 Ce)

in the 1960s and 1970s, economic historians regularly argued that 
after significant increases in productivity and living standards in the 
medieval period, Chinese agriculture and industry stagnated be-
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tween 1400 and 1800, and then actually went backward in the nine-
teenth century, under the impact of civil wars, mismanagement, and 
Western imperialism.

there are several versions of this thesis. in his pioneering study 
of agricultural output between 1368 and 1968, dwight Perkins built 
on John Buck’s interwar research to suggest that the fifteenth 
through nineteenth centuries saw best farming practices spreading 
from the yangzi valley to northern China and then, thanks to Qing- 
era colonization, to shaanxi and even farther west.179 Perkins calcu-
lated that rice output in the yangzi delta had reached very high lev-
els by 1300;180 at 3.5 tons/hectare (t/ha) it was more than double the 
level of english output by area in 1800 (1.7 t/ha), albeit only one- 
third the level of england in 1800 when measured as output per 
worker (0.3 t/ha vs. 0.92 t/ha). Chinese productivity also compared 
extremely well to that of irrigated wheat farming in roman egypt, 
which probably managed about 1.67 t/ha and 0.6 t/cap.181 the spread 
of best practices across China after 1400, Perkins suggested, enor-
mously increased aggregate output and even raised output per capita 
by replacing worse practices with better, but the best farmers in the 
nineteenth century were no more productive than the best farmers 
of the fourteenth century.

Mark elvin made a broader argument that after extraordinary in-
creases in energy capture in tang- song times, China entered a “high- 
equilibrium trap” (figure 3.23) in the fourteenth century, in which 
farming, industry, finance, and transport had reached the highest 
levels possible with traditional means.182 the only way to raise pro-
ductivity, elvin argued, was by leaping to a fossil- fuel economy; but 
because traditional techniques had reached such a peak of perfec-
tion, there were no incentives in the east for people to make the 
kind of innovations that led toward an industrial revolution in the 
West. in the short term, such innovations would actually have de-
creased output, which therefore ruled them out.

Both these approaches suggested that the Chinese economy stag-
nated for roughly four hundred years, which matched with conven-
tional mid- twentieth- century Western theories of a timeless, static 
China.183 in the same spirit, angus Maddison suggested that between 
1500 and 1820 Chinese GdP/cap was stable at around $600, just half 
the level in Britain in the year 1700, and, as noted above, robert 
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allen suggested that wages for Chinese urban unskilled workers 
were relatively stable between 1738 and 1900 and that yangzi delta 
agricultural output declined slightly between 1600 and 1800.184

since the 1990s challenges from Kenneth Pomeranz and others 
have reopened the debate. My own calculations suggest that in 1200 
song dynasty energy capture was quite similar to that in the roman 
empire (i suggested just over 30,000 kcal/cap/day) while in 1800 it 
was just slightly lower than contemporary Western scores (i sug-
gested 36,000 kcal/cap/day). that would mean that energy capture 
per person increased by 15– 20 percent between 1200 and 1700. since 
so few historians have quantified their suggestions of rising living 
standards in early modern periods, it is hard to know whether this is 
closer to the Perkins/elvin/Maddison/allen view or the Pomeranz/
Wong view.

However, it also seems unlikely that the increase between 1200 
and 1700 was smooth. recent studies of the yangzi delta suggest 
that some areas did experience great stability across these five hun-
dred years,185 but generally the thirteenth and fourteenth centuries 
and (to perhaps a lesser degree) the seventeenth century were very 
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traumatic. the thirteenth and fourteenth centuries in particular saw 
massive population decline, destruction of cities, and collapse of 
trade. i do not know of detailed studies of specific sectors of the 
economy, but as a very approximate guess i suggest that after peak-
ing just over 30,000 kcal/cap/day around 1200, energy capture fell 
by perhaps 5 percent (to, say, 30,000 kcal/cap/day in 1300 and 29,000 
kcal/cap/day in 1400). that would lead to a rather faster period of 
recovery between 1400 and 1800 than in the traditional model, add-
ing 20 percent to per capita energy capture across three centuries.

future research may smooth out these guesstimates, but the over-
all picture seems plausible: eastern energy capture grew steadily—
indeed, quickly by premodern standards—between 1200 and 1800; 
but Western energy capture grew much faster. if this is correct, then 
claims by historians such as andre Gunder frank and rhoads Mur-
phey that an early- modern “decline of the east” was at least as im-
portant as an early- modern “rise of the West” in shaping nineteenth- 
century Western rule must be mistaken, unless we find evidence that 
before 1400 eastern energy capture had risen to levels equivalent to 
those of the nineteenth- century West, and then fell—which is, in fact, 
exactly what Murphey’s graph (which has no numbers on the y- axis) 
seems to show.186

figure 3.25 shows my estimates for eastern energy capture in the 
second millennium Ce.
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ancient China (200 BCe– 200 Ce)

ancient China under the Han dynasty (206 BCe– 220 Ce, conven-
tionally divided into the Western/former Han period [206 BCe– 9 
Ce], the Wang Mang interregnum [9– 23 Ce, also known as the xin 
dynasty], and the eastern/later Han period [23– 22 Ce]) was a huge, 
complex agrarian empire, broadly comparable to the contemporary 
roman empire.187 the first systematic comparisons of the roman 
and Han empires have appeared only recently, however,188 and we 
currently badly need thorough comparisons of the archaeological 
data, preferably in quantitative form. until such comparisons be-
come available, the estimates in this section necessarily remain very 
impressionistic.

the most accessible surveys of the Han economy provide few sta-
tistics,189 but textual sources and qualitative accounts of Han archae-
ology do allow for some tentative calculations. the most advanced 
Han agriculture was in northern China, particularly the Central 
Plain, but it sounds distinctly less advanced than the most productive 
roman agriculture. texts and finds both suggest that even though 
the most sophisticated Chinese ironworking outstripped anything in 
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the roman empire by the first century BCe, iron tools spread only 
slowly in first- millennium BCe Chinese farming.190 in 200 BCe 
bronze, wood, and even bone and shell tools may still have been 
more common than iron. the evidence for plows is debated, but 
metal- tipped plows seem to have become common only in eastern 
Han times. extensive use of plow oxen and brick- lined wells for ir-
rigation also seem to be eastern rather than Western Han features.191 
the literary sources also describe a series of improvements in farm-
ing instituted in Han times,192 beginning with zhao Guo’s “alternat-
ing fields method” around 100 BCe, but it is hard to know how 
widely they were implemented. Many of the most productive tech-
niques and machines may have been restricted to eastern Han elite 
estates.

the impression—and it can be no more than that—is that Han 
farming was less productive than roman, and particularly less pro-
ductive than the advanced irrigation farming of the nile valley. Pro-
ductivity certainly rose between 200 BCe and 100 Ce, and Jia sixie’s 
essential Methods for the Common People, written in the 530s Ce, 
shows that techniques (especially in rice farming) continued im-
proving thereafter, even if organization and infrastructure broke 
down.193 the texts collected by Hsu suggest that agriculture in Han 
times was highly sophisticated but nevertheless less developed than 
Chinese farming would be in Jia’s age, and probably also less devel-
oped than roman farming.194 systematic comparisons of Han and 
roman skeletal evidence on stature and stable isotope analysis of 
nutrition would be extremely useful.

i know of no comprehensive finds catalogues that would let us 
directly compare the richness of material goods on settlement sites 
in the roman and Han empires. full publication of the recent exca-
vations at sanyangzhuang, a village flooded by the yellow river in 
11 Ce, will be particularly valuable. immediately dubbed “the asian 
Pompeii,” the village demonstrates a level of preservation that is so 
extraordinary that archaeologists have recovered the imprints of the 
villagers’ feet as they fled across their muddy fields. less dramati-
cally, but more valuably, the brief reports available so far describe 
the brick houses with clay roofs that were like slightly smaller ver-
sions of contemporary roman houses. the villagers were well sup-
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plied with tools, many of them made from iron.195 Han houses in the 
cities could certainly be quite sophisticated, judging from the clay 
models that survive and other evidence for layout, but generally the 
archaeological record points to somewhat simpler and poorer struc-
tures in Chinese cities than in roman.196

literary records describe large- scale iron production, and a re-
cent excavation in Korea has uncovered impressive smelting facilities 
constructed in the second century Ce.197 scheidel suggests that the 
roman monetary supply was roughly twice the size of that in the 
Han empire and that the largest roman fortunes were also twice as 
big as the largest Han.198 these statistics probably correlate only 
loosely with per capita energy capture, but reinforce the impression 
that energy capture was higher in the ancient West than in the ancient 
east. Han energy capture also seems to have been lower than that in 
song times; at least there is no suggestion in the published Han evi-
dence of anything to compare with song levels of coal and iron use, 
road building, technological invention, financial instruments, or 
long- distance trade. trade with steppe nomads and southeast asia 
did increase sharply in Han times,199 and, as mentioned in Why the 
West Rules—For Now, by the second century Ce direct trade con-
tacts probably existed between the Han and roman empires.200

in the present state of the evidence, any actual numbers for Han 
energy capture must be speculative. i have suggested that the figure 
must be lower than the Western peak in roman times (31,000 kcal/
cap/day) and the eastern peak in song times (estimated at 30,500 
kcal/cap/day). the archaeological and textual records also suggest 
that Han energy capture was higher than the West’s would be at the 
trough of its post- roman decline (25,000 kcal/cap/day in the eighth 
century Ce), and much higher than it had been at its late Bronze 
age peak (21,500 kcal/cap/day around 1300 BCe). i have therefore 
estimated a Han dynasty peak of 27,000 kcal/cap/day in the first 
century Ce, with a slight decline (to 26,000 kcal/cap/day) by 200 
Ce as organization and infrastructure broke down. the increase 
during Western Han times seems to have been substantial; i suggest 
that energy capture rose more than 10 percent across that period, 
from 24,000 kcal/cap/day in 200 BCe to 25,500 kcal/cap/day in 100 
BCe to the peak level of 27,000 kcal/cap/day in 1 BCe/Ce and  
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100 Ce. as noted above, these figures remain speculative and should 
be corrected when better comparative archaeological data become 
available; however, the Han peak seems unlikely to have been below 
25,000 kcal/cap/day or above 29,000 kcal/cap/day.

figure 3.26 shows the estimates for eastern energy capture in the 
periods 200 BCe– 200 Ce and 1000– 2000 Ce and compares the 
curve with the Western scores for the past 2,200 years, showing the 
Western core’s slight lead in antiquity and the eastern core’s slight 
lead in medieval and early- modern times, before the West’s indus-
trial takeoff.

Between ancient and Medieval (200– 1000 Ce)

the history of energy capture in the “Period of disunion” (220– 589 
Ce) is even more obscure than that of Han times. Mark lewis has 
recently published an invaluable survey of the period, and al dien 
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has collected an equally helpful summary of the archaeological data, 
but there have been very few quantitative studies.201

as in the West, basic economic infrastructures broke down after 
200 Ce, even though agricultural technology probably improved.202 
Jia’s essential Methods displays more detailed knowledge of dry- 
grain farming than any Han text, and also reveals deep knowledge of 
rice agriculture being practiced in southern China. it seems that best 
practices in rice farming steadily spread south of the yangzi from 
the third century Ce onward, raising yields very significantly by the 
end of the first millennium Ce.203

economic infrastructure also improved, with paddleboats ap-
pearing on the yangzi in the fifth century, water mills at Buddhist 
monasteries being used by many households, and regional special-
ties like tea being traded widely. the state intervened drastically in 
land ownership, most famously in the equal field system, but this 
seems to have helped keep farmers on the land despite the upheavals 
of the fourth to sixth centuries.204 Before the reunification of China 
in 589 and the opening of the Grand Canal in the seventh century, 
the post- Han economic recovery was largely restricted to the new 
rice frontier in the south,205 while commerce declined in the north to 
the point that coinage largely disappeared; but by 650 Ce an empire- 
wide economic revival was under way. irrigation came into much 
wider use, and enormous public markets are documented at 
Chang’an and other large cities.206 the collapse of state power after 
an lushan’s revolt in 755 weakened the tang dynasty’s control over 
the economy, but any losses involved seem to have been outweighed 
(particularly in the south) by the gains merchants made from being 
freed from bureaucratic interference.207

Most historians seem to agree that China saw rapid (by premod-
ern standards) economic growth between 600 and 1000 and was eco-
nomically more advanced than the West in this period.208 elite 
houses in tang times were at least as impressive as those of the Han 
era, and Buddhist and court art flourished.209 However, Chinese me-
dieval archaeologists have so far concentrated rather heavily on art 
history and architecture, and we have little evidence from which to 
quantify what these changes meant for energy capture at the indi-
vidual level. if my estimates of energy capture at 26,000 kcal/cap/
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day in 200 Ce and just under 30,000 kcal/cap/day in 1000 Ce are 
roughly correct, then the seven centuries in between saw a roughly 
15 percent increase. the impression created by the sources cited 
above is that most of this increase came between 700 and 900; i have 
consequently estimated that energy capture remained fairly flat at 
26,000 kcal/cap/day between 200 and 500 Ce, then rose to 27,000 
kcal/cap/day in 600, rose again to 28,000 kcal/cap/day in 800 and to 
29,000 kcal/cap/day in 900. figure 3.27 shows these estimated scores 
and the scores if energy capture actually increased steadily across 
the period 200– 1000 (either arithmetically or geometrically). the 
differences are very small.

figure 3.28 shows my estimates for east and West for the entire 
period since 200 BCe. according to these calculations, eastern en-
ergy capture overtook Western for the first time in history in 563 
Ce; otherwise, though, the history of energy capture was rather un-
eventful in the two millennia before 1800 Ce. at both the eastern 
and the Western ends of eurasia, large empires pressed against the 
upper limits of what was possible in an organic economy,210 but 
could not break through. this is the reality that that underlay the 
common perception in eurasian cultures in these years that history 
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was cyclical; up to a point, eurasian elites were correct in thinking 
that nothing changed very much.

late-  and Post– ice age Hunter- Gatherers  
(ca. 14,000 BCe– 9500 BCe)

My estimates of late ice age and post– ice age energy capture in 
the east depend heavily on the same research in primate energetics 
and human evolution as the estimates for the West. Homo sapiens in 
east asia must have been capturing somewhere around 4,000 kcal/
cap/day in 14,000 BCe, otherwise they would have died out; and if 
they had captured significantly more—even 5,000 kcal/cap/day—
we would be able to see it in the archaeological record, in the form 
of more elaborate buildings, material culture, or expensive food cal-
ories. as it is, we see remarkably little change in the archaeological 
record for nearly five thousand years.

in the Western core, energy capture was already increasing be-
fore the ice age ended, but in the east structural remains are com-
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pletely lacking from sites before 9000 BCe.211 there is some evi-
dence for increasing exploitation of animal carcasses around 25 kya, 
and crude, handmade, and low- fired pottery—the world’s earliest, 
dating around 16,000 BCe—has been found at yuchanyan Cave in 
south China.212 By 14,000 BCe pottery was also being made in north 
China and the russian far east.213 the invention of pottery proba-
bly means that new kinds of food, requiring boiling, were being 
eaten, and wild rice (in the south) and wild millet (in the north) seem 
likely candidates.

However, unlike the situation in the Western core, where rye 
seeds become plumper at abu Hureyra by 11,000 BCe, there is lit-
tle good evidence for increasing per capita capture of food calories 
between 14,000 BCe and 9500 BCe.214 at diaotonghuan wild rice 
was being gathered and brought back to the cave by 12,000 BCe, 
well before the younger dryas cold period of 10,800– 9600 BCe, 
but seems to have disappeared during this mini– ice age, returning 
only after 9600. there is as yet no evidence for cultivation of rice or 
any other plant before the younger dryas. there must have been 
other changes across these millennia, of course, but they seem to 
have been cyclical and on a scale too small to measure. i therefore 
estimate energy capture at 4,000 kcal/cap/day for the entire period 
14,000– 9400 BCe.

from foragers to imperialists (9500– 200 BCe)

as figure 3.29 makes clear, there is a wide gap to fill between the 
reasonably secure estimate of energy capture for post– ice age 
hunter- gatherers (4,000 kcal/cap/day) in 14,000– 9500 BCe and the 
next estimate, of 24,000 kcal/cap/day under the Western Han dy-
nasty in 200 BCe. We could simply assume a steady growth rate, 
either arithmetic or geometric, across these 7,300 years, but the 
combination of the actual archaeological and textual data, com-
paranda from economic anthropology, and comparisons with the 
scores after 200 BCe allows us to be more precise (figure 3.30).

i divide the period into three phases, first briefly describing some 
of the developments in each phase in general terms and then trying 
to quantify what these changes meant for energy capture.
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foragers and farmers, 9500– 2500 BCe

archaeologists working in east asia have often been eager to push 
the dates of the origins of agricultural as far back into the past as 
possible. the stone grinders and rollers found at north Chinese sites 
such as nanzhuangtou and Hutouling in Hebei as early as 9000/8500 
BCe, for instance, have sometimes been treated as evidence of do-
mestication of millet, and in a recent article, Jia- fu zhang et al. have 
even suggested that 25,000- year- old grinding stones from long-
wangcan in the yellow river valley push the origins of Chinese ag-
riculture back deep into the ice age.215 analysis of starch residues 
on ice age grinders dating back to 23,000 BCe in europe, however, 
has shown that these tools were used to grind wild plants into a 
paste, to make a kind of preagricultural porridge or bread,216 and 
the same is probably true in China. starches from ninth- millennium 
BCe ground stone tools excavated recently at donghulin suggest 
that these too were used for wild plants, particularly acorns.217 as 
late as 6000 BCe acorns still predominated among the starches on 
ground stone tools from Baiyinchanghan in Manchuria, and wild 
foods continued to be important in diets in the Wei valley long after 
domestication had begun.218

the direct physical evidence for domesticated plants in east asia 
has become the subject of intense debate.219 since the 1980s it had 
been a commonplace in Chinese archaeology that the rice husks 
used as temper in pottery at Pengtoushan in the yangzi valley 
around 7000 BCe must have been domesticated, and more recently 
Jiang and liu suggested that husk impressions and phytoliths from 
shangshan in the yangzi delta and Jiahu in the Huai valley con-
firmed the domestication of rice by 7000 BCe.220

Comparing the evidence and arguments in China with debates 
over the beginnings of agriculture in southwest asia, however, 
fuller et al. suggested that there must have been a long period of 
cultivation of rice before fully domesticated forms evolved.221 they 
argued that Jiang and liu had been misled by the presence of imma-
ture spikelets, which would be very common among gathered wild 
rice, and that the finds from shangshan and Jiahu are wild. fuller et 
al. concluded that cultivation of rice got seriously under way only 
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around 5000 BCe, perhaps in response to a decline in oak cover and 
with it shortages of the previously important acorns. fully domesti-
cated rice, they suggested, evolved only around 4000 BCe. they 
suggested that the domestication of millet in northern China actu-
ally preceded that of rice in the south, with clear evidence for culti-
vated millet by 5500 BCe and domesticated plants by 4500.

Heated exchanges have followed.222 as so often is the case, there 
seem to be valid points on both sides of the debate: if the cultivation 
and domestication of rice began as late as fuller insists, some of the 
features of its dispersal across China would be hard to explain; yet if 
cultivation and domestication began as early as liu insists, the con-
tinuing absence of large, unambiguous samples would be equally 
hard to explain. further work will certainly resolve the point, and i 
suspect it will confirm fuller’s model of a long, drawn- out period of 
cultivation, while probably also vindicating the traditional view that 
much of the rice found at the waterlogged fifth- millennium site of 
Hemudu was domesticated, and that cultivated rice was already 
present at Jiahu, diaotonghuan, and Pengtoushan in the seventh 
millennium.

our picture of the agricultural revolution in the eastern core in 
China is coming to look increasingly like that of the same phenom-
enon in the Western core in southwest asia, but beginning approxi-
mately two thousand years later. Just as in the West, it seems that the 
decisive steps happened not in the great river valleys but in “hilly 
flanks” surrounding them, that the dispersal took millennia and 
combined emulation and migration, and that it was accompanied by 
an equally lengthy “secondary products revolution.”223

this can best be seen in China in the evolution of agricultural 
tools. at sixth- millennium Banpo, for instance, harvesting knives 
made up less than one- third of the total tool assemblage, while at 
fifth- millennium Miaodigou they had risen to more than half. at 
Banpo, ineffective pottery blades outnumbered stone blades more 
than 2:1; at Miaodigou, stone blades outnumbered pottery. at 
Banpo, axes (necessary for felling trees in slash- and- burn agricul-
ture) outnumbered shovels (necessary for turning the soil in already- 
cleared fields) more than 5:1; at Miaodigou, spades outnumbered 
axes more than 4:1. the blades of Miaodigou spades were also typi-
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cally 50 percent longer (30 cm vs. 20 cm) than those from Banpo, 
suggesting that fifth- millennium farmers were turning soil more 
deeply, improving aeration, than those of the sixth millennium.224

other categories of evidence support this picture of a drawn- out 
secondary products revolution, such as new stable isotopic analyses 
from north China showing that millet became a major food source 
only after 5000 BCe, and evidence for the slow domestication of 
animals in the yangzi valley.225

the great difference between east and West, however, is that cul-
tivation and domestication seem to have begun in the Western core 
some two thousand years earlier than in the eastern core. even if we 
pass over the cultivated rye seeds from abu Hureyra dating around 
11,000– 10,500 BCe (which apparently precede the younger dryas), 
by 9500 BCe, immediately after the end of the younger dryas, cul-
tivated barley and wheat are unmistakable in the Western core. on 
the present state of the evidence, it is hard to see cultivated rice or 
millet in the east before about 7500 BCe (and even later than this in 
fuller is correct). fully domesticated wheat and barley were firmly 
established in the West’s Hilly flanks by 7500 BCe, while domesti-
cated millet was not the norm in the east until 5500 and rice not 
until 4500 (or 4000, according to fuller). the secondary products 
revolution, largely complete in the West by 4000 BCe, was still un-
folding in the east in the third millennium BCe. not until 2500 
BCe, for instance, do we find really convincing eastern evidence of 
classic agrarian gender structures, with men associated with outdoor 
activities and women with those indoor.226

as in the West, the eastern increase in aggregate capture of food 
calories went along with great population growth and a slow but 
impressive increase in the per capita capture of nonfood calories. 
the earliest houses known date around 8000 BCe, at shangshan in 
the yangzi delta; earlier sites have produced only hearths. House 
sizes steadily increased, from the round, semi- subterranean huts av-
eraging just 4– 6 m2 at seventh- millennium Jiahu to the square, 
above- ground buildings covering 30– 40 m2 at fourth- millennium 
dahecun. the largest structure at seventh- millennium Jiahu covered 
10 m2, while fourth- millennium dadiwan had “palaces” covering 
150 m2 and 290 m2, counting just the roofed space. the contents of 
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houses also increased, slowly until the third millennium, but then 
jumping sharply.227

archaic states (ca. 2500– 800 BCe)

the rate of increase in energy capture accelerated after 2500 BCe, 
and particularly after 2000, with the emergence of more complex 
societies. as in the West, there are no large- scale systematic collec-
tions or comparisons of skeletal data to document directly the im-
pact of archaic states on the human body, but there are other indica-
tions of change.

one is the spread of rice agriculture in northern China, particu-
larly after about 2300 BCe;228 another, the huge increase in animal 
bones from settlements in the late third and second millennia. By 
2000 BCe domesticated pigs regularly make up two- thirds of the 
domestic faunal assemblages.229 the textual record also speaks of 
various reforms in the organization of first- millennium BCe agri-
culture, which may reflect genuine changes. Mencius 3/1 (a philo-
sophical text composed around 300 BCe) speaks of the Well field 
system, supposedly instituted under the Western zhou dynasty in 
the early first millennium BCe, although Mencius’s account must 
be an idealized version of a much messier reality.230 Historians often 
describe this land- tenure regime as a kind of feudalism, although 
this does not seem entirely appropriate.231

overall, eastern agriculture seems to have remained much less 
productive (per unit of labor or land) than contemporary Western 
practices. a few copper objects (mostly ornaments) are known from 
third- millennium sites, but there are very few examples of metal ag-
ricultural tools before 800 BCe. Wood, stone, bone, and shell re-
mained overwhelmingly the most important materials in agriculture 
down to 800 BCe, and until better evidence appears, we have to 
conclude that agricultural output in the eastern archaic states rose 
more slowly than that in the irrigated farming systems of the West-
ern archaic states in Mesopotamia and egypt.

nonfood energy capture, however, does seem to have increased 
strongly between 2500 and 800 BCe. our picture is limited by ar-
chaeologists’ surprising lack of interest in post- neolithic settle-
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ments in China (caused by an archaeological focus on elite tombs 
and monuments rather than by scarcity of actual remains). the few 
finds do show that by 800 BCe the size and quality of houses had 
improved. Pit houses continued to be built, but more people lived 
above ground, sometimes in substantial, rectangular houses with 
trenched foundations, rammed earth or mud- brick walls, and lime- 
plastered floors and wall skirting. some houses had painted decora-
tion, while others were organized around spacious courtyards. 
finds of waterlogged carpentry in tombs also show that joinery 
techniques improved drastically. the chronology of these develop-
ments remains unclear, but in broad terms we can be confident that 
housing standards rose significantly between the late third and early 
first millennium BCe.232

the quantity and quality of household goods also rose. Potters 
were regularly using fast wheels in the second millennium, and silk, 
lacquer, and jade became more common. the first copper objects 
appear around 3000 BCe, almost certainly stimulated by knowledge 
of Western metallurgy brought over the steppes.233 Metal seems to 
have been very rare indeed until the early second millennium BCe, 
when gigantic foundries appeared at erlitou, zhengzhou, and any-
ang, casting weapons, some craft tools, and above all ritual vessels. 
Well- preserved mines at tongling attest to the scale of Chinese met-
allurgy as early as 1600 BCe.234

the lack of good household archaeology means that we know 
rather little about the everyday use of metals, though grave goods 
and hoards seem to imply that bronze vessels did spread some way 
down the social scale by 800 BCe. at the elite level, metal use was 
enormous; the largest known ritual vessel, the twelfth- century BCe 
simu Wu square ding (probably looted from a royal tomb at any-
ang), used nearly one ton of bronze.235 after the shang/zhou transi-
tion in 1046 BCe the number of inscribed bronze vessels explodes, 
probably testifying the to the emergence of a very wealthy aristoc-
racy.236 archaeologists have also identified a “ritual revolution” in 
the elite use of funerary bronzes in the ninth century, which seems 
to have coincided with great advances in bronze working, including 
use of the lost- wax method and welding.237

elite monuments also expanded enormously after 2500 BCe. 
the largest sites of the late third millennium (sometimes covering 



enerGy CaPture × 137

200– 300 ha) began to have stamped earth platforms that were often 
more than two meters thick. the grandest of all these sites, at taosi, 
had a palatial enclosure covering five hectares as early as 2600 BCe; 
by 2300 it was protected by fortification walls nine meters thick and 
boasted a great circular monument and a palace with painted walls.238

Beginning around 1900 BCe much bigger palaces were con-
structed at the probable xia- shang dynastic capitals of erlitou and  
zheng zhou, and the thirteenth-  through eleventh- century shang 
royal tombs at anyang, although looted, are impressive by any stan-
dards.239 the Western zhou palaces excavated to date are not quite 
as grand as their shang predecessors, although the remains from the 
capital at feng are still very substantial.240 Wealthy burials also pro-
liferated after 1046 BCe.241 the scale of elite ostentation and energy 
capture may have leveled off between 1000 and 800 BCe, but was 
nevertheless far higher than in 2500 BCe.

as in the West, the era of archaic states saw the first unambiguous 
evidence for regional collapses, most obviously with the fall of taosi 
and the breakdown of the shandong complex societies around 2300 
BCe. like the 2200 BCe and 1750 BCe collapses in the West, 
though, the taosi/shandong decline had no obvious impact on en-
ergy capture, at least when measured on the coarse grain used here.

the spring and autumn/Warring states Period (800– 200 BCe)

the east experienced nothing like the catastrophic 1200 BCe col-
lapse in the West, which dragged the core’s energy capture down for 
centuries. eastern energy capture, by contrast, rose faster and faster. 
as in the era of archaic states we are handicapped by the lack of syn-
theses of skeletal data and the scarcity of household excavations, but 
again the evidence is adequate to establish a general picture.

the literary sources attest further changes in land tenure, partic-
ularly a shift toward private landholdings in the possession of le-
gally free peasants, taxed by the state, replacing the dependent peas-
antry working land for their lords. the first clear sign of this is a tax 
on yields in the state of lu in 594 BCe, and by the third century 
BCe the shift to freehold was probably complete.242 this change in 
property rights probably encouraged more investment by the farm-
ers themselves; if so, higher yields may well have been the outcome. 
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it also went along with the development of a sophisticated literature 
on the theory and methods of farming, beginning with li Kui in the 
state of Wei around 440 BCe.243

textual evidence for multicropping seems to go along with the 
new property regime. By 200 BCe it was apparently normal to ro-
tate two crops (wheat and millet in northern China, millet and rice 
in the south), with occasional planting of legumes, potentially pro-
ducing three crops every two years. some historians also argue from 
the spread of names based on “ox” that draft animals also became 
important (at least among the elite) in the mid- first millennium 
BCe.244 We are on more certain ground, however, with the textual 
evidence for massive state involvement in irrigation projects begin-
ning with the magistrate ximen Bao in the state of Wei in the 430s. 
all the Warring states invested heavily in canals to improve agricul-
tural output, culminating in li Bing’s massive project for the state of 
Qin in newly conquered sichuan around 300 BCe.245

Metal tools probably first began to be used on significant scales 
only after 800 BCe. li xueqin and donald Wagner have suggested 
that bronze tools became more and more important in the lower 
yangzi area between 800 and 500 BCe, but some archaeologists re-
main skeptical.246 By 500 BCe, however, iron was in use in China 
(probably, like bronze technology, ironworking was initially trans-
mitted from the West across the steppes). Chinese smiths made rapid 
progress, producing true steel in the sixth century and cast iron in 
the fifth (european smiths would not master this technology until 
the fourteenth century Ce). By 200 BCe iron weapons had begun 
to replace bronze and iron tools were definitely becoming more 
common. Bronze industries continued to flourish, though, with a 
sixth- century mine at tonglüshan displaying extraordinarily so-
phisticated construction in its timber- lined shafts and a huge, equally 
impressive foundry at Houma.247

Commerce also accelerated in this period. Beginning with zang 
Wenzhong of the state of lu in 625 BCe, ministers moved to abol-
ish customs posts within their states. vassal states had to give guar-
antees not to interfere with traders, and water transport became in-
creasingly easy. independent of developments in the West, Chinese 
traders began minting and using bronze coins in the fifth century. 
By 200 BCe, millions were in circulation.248 archaeologists in China 
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have not yet quantified shipwrecks, animal bones, inscriptions, and 
lead pollution in the same way as has been done in the West, but a 
great increase in trade between 800 and 200 BCe nonetheless seems 
very clear.

Calculating the scores

figure 3.30 shows three different ways of filling the gap in energy 
capture estimates between 9500 and 200 BCe, by simply assuming 
steady increases at arithmetic or geometric scales versus making es-
timates based on the actual evidence. arithmetic increases seem 
highly unlikely: the upper line in figure 3.30 would mean that the 
increase in energy capture between the foundation of Jiahu around 
7000 BCe and that of Hemudu around 5000 BCe was as large as 
that between the destruction of taosi around 2300 BCe and the Qin 
irrigation of sichuan around 300 BCe. that cannot be correct. We 
should probably assume that the rise in energy capture was expo-
nential, with the exponent increasing through time.

all the challenges that applied to converting archaeological data 
into consumption levels in the West also apply in the east, but com-
paring the eastern and Western finds suggests that the east in fact 
followed a trajectory very similar to that of the West. the major dif-
ference was that the east started down the path of cultivation and 
domestication about two thousand years behind the West, and its 
energy capture consequently ran behind the West’s. initially, in the 
foraging- to- farming era discussed in the “foragers and farmers, 
9500– 2500 BCe” section above, the gap seems to have stayed at 
about two millennia. i suggest that eastern energy capture increased 
by roughly 50 percent, from 4,000 to 6,000 kcal/cap/day, between 
9500 and 6000 BCe, and by 2500 BCe had risen by another 50 per-
cent, to 9,000 kcal/cap/day, as the secondary products revolution 
ran its course. eastern energy capture at this point, the age when 
egyptians were building the great pyramids, seems to have been 
comparable to levels in the Western core around 4500 BCe, the age 
when the West’s first large towns, like tell Brak and susa, were ap-
pearing (figure 3.31).

after 2500 BCe, though, eastern energy capture grew much 
faster. With such poor eastern data we can speak only in terms of 



140 × CHaPter 3

general impressions, but it seems to me that by 2000 BCe, on the 
eve of erlitou’s takeoff, eastern energy capture must have been 
roughly comparable with where the Western core had been around 
3500 BCe, in the age of susa and on the eve of uruk’s expansion 
(i.e., 11,000 kcal/cap/day). in 1500 BCe, when the shang were 
building zhengzhou, eastern energy capture seems to me compara-
ble with the Western level around 2400 BCe, in the era of the royal 
Cemetery of ur and egypt’s great pyramids (14,000 kcal/cap/day). 
By 1000 BCe, when the zhou displaced the shang, eastern energy 
capture strikes me as being comparable with that of the Western 
core just one thousand years before, in the postcrisis recovery that 
replaced egypt’s old Kingdom with the Middle Kingdom and Mes-
opotamia’s ur iii empire with the akkadian city- states (17,000 
kcal/cap/day). By 500 BCe, though, the West’s collapse around 
1200 BCe and slow recovery had narrowed the gap even further. i 
would suggest that by 500 BCe, eastern energy capture was compa-
rable to the West’s around 800 BCe, as the assyrian empire was 
approaching the great crisis that drove it to shift toward high- end 
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institutions (i.e., 21,000 kcal/cap/day)—which was also, of course, 
the level that the West had reached around 1400 BCe, half a century 
before akhenaten and nefertiti began their bizarre religious and 
political experiment at amarna.

these estimates will of course need to be tested against better evi-
dence (Western as well as eastern) and for now can be nothing more 
than conjectures. if they are in approximately the right range, how-
ever, they mean that after roughly doubling in six thousand years 
between about 9500 and 3500 BCe, eastern energy capture doubled 
again in the two thousand years between 3300 and 1300 BCe, and 
then rose another 50 percent in the eleven hundred years between 
1300 and 200 BCe.

the Western collapse around 1200 BCe was the main factor in 
shrinking the east- West gap to three hundred years by 200 BCe, 
but the convergence had already begun long before then. in the 
thousand years between 2200 and 1200 BCe, in fact, Western en-
ergy capture increased by just 31 percent, but the east’s rose by 52 
percent. Why this happened is not entirely clear, although it does 
now seem likely that the east learned bronze technology from the 
West and obtained domesticated wheat from the same sources via 
the agency of travelers over the steppes.249 Whether this alone ex-
plains the east’s catch- up, or whether the Central asian travelers so 
well preserved as the tarim Basin mummies transferred more tech-
nologies from West to east,250 or whether as yet unidentified factors 
caused eastern society to evolve faster than Western in the archaic 
states phase remains to be established.

energy Capture: discussion

figure 2.5, showing the shape of energy capture across the past six-
teen thousand years, shows the backbone of my argument in Why 
the West Rules—For Now. the other dimensions of the social devel-
opment index—organization (measured through the proxy of city 
size), war- making capacity, and information technology—are, after 
all, simply ways of using energy; and although measuring energy 
capture alone would not cover the full spectrum of ideas encapsu-
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lated in social development,251 energy must be the central plank in 
any index. i have therefore discussed the evidence for energy cap-
ture in more detail than that for the other three traits.

Clearly, much work remains to be done. although energy cap-
ture is the backbone of history, our evidence for it is patchy and 
imprecise. there are generally more data to work with in Western 
history than in eastern, and where quantifiable evidence does exist, 
as in much of prehistoric archaeology, scholars working on the West 
have usually produced more syntheses of the results than those 
working on the east. in particular, scholars of the West have done 
more household archaeology and more research on real wages.

as the evidence base improves, new findings will resolve some of 
the questions raised here. for instance, in time we may be able to say 
with more confidence whether the roman peak in Western energy 
capture came in the first century BCe or the first or second century 
Ce, and whether it really was higher than the song peak in the east 
(and whether that really came in the twelfth century). We should 
also be able to document whether there really was a decline in en-
ergy capture in east and West alike in the early to mid- first millen-
nium Ce, whether the Western crisis around 1200 BCe really did 
drive down energy capture (as i suggest it did), and whether the 
Western crisis around 2200 BCe and the eastern one around 2300 
BCe also drove down energy capture (as i suggest they did not). 
Better evidence will inevitably strengthen some of the conclusions i 
have reached and weaken others.

the overall pattern, though, seems to me to be grounded fairly 
firmly in evidence, even if there is room to dispute any specific score. 
energy capture at the end of the last ice age was very low, not much 
above 4,000 kcal/cap/day, and rose extremely slowly. there were 
gains in food calories, but, as Malthus saw two centuries ago, these 
were normally converted into extra bodies, which consumed the 
gains and kept most people’s food consumption below 2,000 kcal/
cap/day. But as Malthus also saw, there were more substantial gains 
in nonfood calories, and these accumulated over time. total (food + 
nonfood) energy capture consequently grew exponentially rather 
than arithmetically, and the exponent increased over time.

in both east and West, we see knees in the curve around the time 
of the beginnings of cultivation (ca. 9500 BCe in the West and 7500 
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BCe in the east), the beginnings of domestication (ca. 7500 BCe in 
the West and 5500 BCe in the east), the rise of archaic states (ca. 3500 
BCe in the West and 2000 BCe in the east), the creation of empires 
(ca. 750 BCe in the West and 300 BCe in the east), and above all the 
rise of fossil- fuel industries (ca. 1800 Ce in the West and 1900 Ce in 
the east). for roughly two thousand years, between the zenith of 
the great ancient empires and the industrial revolution, energy cap-
ture was trapped under what i have called a “hard ceiling,” a little 
over 30,000 kcal/cap/day. this, i suggested, marks the limits of what 
is possible in agrarian societies. it also largely explains the pervasive 
sense in the elite writings that survive from ancient and medieval 
times that humanity had reached its peak, that history was cyclical, 
and that the best times lay in the past—just as the explosive growth in 
Western energy capture since 1700 Ce largely explains the optimism 
of so many european thinkers in the eighteenth and nineteenth cen-
turies and americans in the twentieth and twenty- first.
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soCIal organIzatIon

MetHods, assuMPtions, and sourCes

a long tradition of research in the social sciences, and particularly in 
archaeology, anthropology, economics, and urban studies, has dem-
onstrated the strong relationships between the size of the largest 
settlements within a society and the complexity of its social organi-
zation.1 the correlation is far from perfect, but it works well enough 
at the coarse- grained level of an index of social development span-
ning sixteen thousand years.

City size also has the great advantage of being, in principle, con-
ceptually simple. all we need to do is (a) establish the size of the 
largest settlements in east and West at each point in the past for 
which an index score is being calculated, (b) establish the size of the 
world’s largest city in 2000 Ce, (c) divide the population of the larg-
est city in 2000 Ce by 250 (the full complement of social develop-
ment points to be awarded on this trait), and then (d) divide the 
populations of past cities by that number.

opinions do vary among demographers on the size of the world’s 
largest city in 2000 Ce, depending on definitions of urban boundar-
ies and the reliability of census data; to establish a fairly uncontro-
versial baseline, i simply took the estimate of the economist Pocket 
World in Figures that tokyo topped the league, with a population of 
26.4 million, and that new york was the biggest city in the Western 
core, with 16.7 million people.2 there are plenty of other estimates i 
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could have used, but no reliable figures seem to depart very far from 
these numbers.

this starting point means that the east scores the full 250 points 
for organization in 2000 Ce, and that that a population of 106,800 
scores 1 point. new york’s 16.7 million residents consequently 
score 156.37 points for the West in 2000 Ce. the smallest score i 
considered worth recording, 0.01 points, required just over 1,000 
people, which means that—unlike the energy capture scores—orga-
nization scores do fall to zero, becoming too small to measure be-
fore 4000 BCe in the east and 7500 BCe in the West.

the main challenges for calculating organization this way are em-
pirical. for early settlements we have to rely on archaeology and eth-
nographic/historical analogies. estimates depend heavily on mea-
surements of settlement area and extrapolation from documented 
densities. the anthropologist roland fletcher shows how much 
densities vary,3 although they do seem to follow general rules. in 
some cases, such as classical Greece, estimates are probably reliable 
within quite narrow margins of error; in others, like third and second 
millennium BCe Mesopotamia, they may be less so.4 on the whole, 
well- documented premodern cities rarely have densities over 200/
hectare (ha), and numbers closer to 100/ha are more common. occa-
sionally, premodern towns might go as high as 500/ha, but such den-
sities are exceptional and need very clear evidence. very small villages 
and select areas within twentieth-  and twenty- first- century Ce su-
percities, however, sometimes have densities well over 500/ha.

Beginning in ancient times, we get some contemporary literary 
observations on city size, but these are often unreliable since the in-
habitants of ancient cities often did not themselves know how many 
people lived around them. this means that archaeology and analogy 
remain very important until the modern era—although since there 
are no contemporary cities quite like premodern urban giants such 
as rome and Chang’an, analogies are more problematic for much of 
the past three thousand years than for prehistory. in more recent 
times, data on food imports sometimes survive, which give another 
way to control population size; and in the most modern periods we 
can draw on fairly accurate government statistics.

several writers have offered overviews of urban history with  
precise figures. tertius Chandler’s Four Thousand Years of urban 
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Growth is an invaluable reference and is probably the most widely 
cited work, although it provides few sources (an earlier version, 
Three Thousand Years of urban Growth, is better documented).5 
there is room for debate over all estimates of premodern city size, 
and in my opinion some of Chandler and fox’s estimates are not 
supported well by the data. their figures for medieval islamic cities 
are particularly high, and, like many historians, they greatly exag-
gerate the size of ancient Greek cities, suggesting for example that 
athens had 155,000 residents in 430 BCe, rather than the 30,000– 
40,000 that probably lived there.6 their estimates for medieval and 
early modern China, however, do avoid the inflated numbers that 
historians often propose.

While there would be some advantages to taking a single source 
like Chandler and fox’s Three Thousand Years of urban Growth 
and then relying on it consistently, the drawbacks seem to outweigh 
them. the main advantage of relying on a single source is normally 
that it makes errors more consistent and hence easier to compensate 
for; however, in this case the errors seem to be rather randomly dis-
tributed. i decided instead to rely on what seemed to be the best ex-
perts for each time and place, cross- checking their scores to reduce 
idiosyncrasies. i summarize these results for Western and eastern 
cities, in each case providing my sources, any particular problems 
involved in the estimate, and, if the estimate is my own, my reasons 
for choosing that figure, collecting my estimates for the West in 
table 4.1 and for the east in table 4.2. among archaeologists work-
ing on periods before 3000 BCe in the West and before 2000 BCe 
and among historians working on the second millennium Ce, it is 
conventional to offer estimates for city sizes, even if they vary 
widely, but unfortunately historians and archaeologists working on 
periods between 3000/2000 BCe and 1000 Ce are much more hesi-
tant to hazard concrete estimates.

estiMates of Western City sizes

for each date (every century back to 1400 BCe; every 250 years, 
1500– 2500 BCe; every 500 years, 2500– 4000 BCe; every thousand 
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table 4.1  
Western maximum settlement sizes, 8000 BCe–2000 Ce

Date Settlement Size Points

8000 BCe Mureybet perhaps 500
7000 BCe Beidha, Basta, Çatalhöyük 1,000 0.01
6000 BCe Çatalhöyük 3,000 0.03
5000 BCe tell Brak 4,000 0.04
4000 BCe uruk, tell Brak 5,000 0.05
3500 BCe uruk, susa, tell Brak 8,000 0.09
3000 BCe uruk 45,000 0.42
2500 BCe uruk 50,000 0.47
2250 BCe akkad, Memphis 35,000 0.33
2000 BCe Memphis, ur 60,000 0.56
1750 BCe Babylon 65,000 0.61
1500 BCe uruk, thebes 75,000 0.7
1400 BCe thebes 80,000 0.75
1300 BCe thebes 80,000 0.75
1200 BCe Babylon, thebes 80,000 0.75
1100 BCe Memphis, thebes, tanis 50,000 0.47
1000 BCe thebes 50,000 0.47
900 BCe thebes 50,000 0.47
800 BCe nimrud/Kalhu 75,000 0.7
700 BCe nineveh 100,000 0.94
600 BCe Babylon 125,000 1.17
500 BCe Babylon 150,000 1.4
400 BCe Babylon 150,000 1.4
300 BCe Babylon, alexandria 150,000 1.4
200 BCe alexandria 300,000 2.81
100 BCe alexandria, perhaps rome 400,000 3.75
1 BCe/Ce rome 1,000,000 9.36
100 Ce rome 1,000,000 9.36
200 Ce rome 1,000,000 9.36
300 Ce rome 800,000 7.49
400 Ce rome 800,000 7.49
500 Ce Constantinople 450,000 4.23
600 Ce Constantinople 150,000 1.41
700 Ce Constantinople 125,000 1.17
800 Ce Baghdad 175,000 1.64
900 Ce Cordoba 175,000 1.64
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years before 5000 BCe),7 i provide first my identification of the 
largest city and estimate for its population, then my main source and 
the number of points the city scores on the social development 
index, then brief comments on conflicting estimates and the nature 
of the evidence.

2000 Ce: new york, 16,700,000;8 156.37 points. the economist 
Pocket World in Figures estimated the population of Mexico City in 
2000 Ce at 18,100,000 and that of são Paolo at 18,000,000, but new 
york remains the largest city in the Western core (i.e., the united 
states, the borderlands of Canada, and northwest and Central 
europe).

1900 Ce: london, 6,600,000;9 61.8 points. Chandler estimates 
london at 6,480,000,10 and there seems to be general agreement 
among urban historians on a figure around 6.5 million, based on 
multiple kinds of official statistics.

1800 Ce: london, 900,000;11 8.43 points. there is a little more 
debate about populations in 1800 Ce than those for 1900, and some 
sources put london a little lower.12 the evidence consists of a com-
bination of government statistics and eyewitness comments. the 
next- largest Western city was probably Constantinople, which 
Chandler puts at 570,000.

table 4.1 (continued)

Date Settlement Size Points

1000 Ce Cordoba 200,000 1.87
1100 Ce Constantinople 250,000 2.34
1200 Ce Baghdad, Cairo, Constantinople 250,000 2.34
1300 Ce Cairo 400,000 3.75
1400 Ce Cairo 125,000 1.17
1500 Ce Cairo 400,000 3.75
1600 Ce Constantinople 400,000 3.75
1700 Ce london and Constantinople 600,000 5.62
1800 Ce london 900,000 8.43
1900 Ce london 6,600,000 61.8
2000 Ce new york 16,700,000 156.37
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1700 Ce: london and Constantinople, 600,000;13 5.62 points. 
Chandler estimates Constantinople at 700,000 and london at 
550,000; Bairoch suggests that Constantinople was the biggest city 
in the world, with 650,000– 1,000,000 people. John Haldon, codirec-
tor of the international Medieval logistics Project, suggests that 
Constantinople may have been closer to 700,000 people. the argu-
ments combine tax registers, records of food imports, records of 
births and deaths, and the area covered by the cities.14

1600 Ce: Constantinople, 400,000;15 3.75 points. eric Jones sug-
gests that Constantinople was 600,000; Chandler says 700,000; and 
Bairoch says 650,000– 1,000,000.16 the evidence still consists mostly 
of tax registers, records of food imports, records of births and 
deaths, and the area covered by the cities, but its quality declines 
sharply by 1600 Ce.

1500 Ce: Cairo, 400,000;17 3.75 points. frank says that Bairoch 
estimated Cairo at 450,000, and Bairoch also suggests that Constan-
tinople had 300,000– 500,000 residents, but John Haldon thinks that 
so soon after the 1453 sack its population was just 100,000. the evi-
dence is still of the same types as for 1600 and 1700, but between 
roughly 500 and 1500 Ce there is much more debate on how to in-
terpret it. Historians of europe and those of the Middle east also 
sometimes use very different methods, often leading to unrealisti-
cally high estimates for islamic cities, implying densities of 500– 
1,000/ha. Historians of Muslim cities also tend to be more cautious 
than european historians in hazarding estimates. Cairo seems to be 
particularly problematic. the evidence consists mostly of military 
registers, contemporary impressions, and the areas covered by the 
cities, but there are many challenges involved in interpreting it.18

1400 Ce: Cairo, 125,000; 1.17 points. this is my own estimate, 
based on comparison with the extremely high mortality rates in eu-
ropean cities during the Black death. Chandler suggested Cairo still 
had 360,000 residents in 1400, but that would imply that the popula-
tion had fallen just 20 percent from its preplague peak of 450,000, 
which seems inconsistent with the accounts offered by abu- lughod 
and dols. for the nature of the evidence, see under 1500 Ce.19

1300 Ce: Cairo, 400,000;20 3.75 points. on the sources and diffi-
culties, see under 1500 Ce.
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1200 Ce: Baghdad, Cairo, Constantinople, 250,000;21 2.34 points. 
there is some disagreement over the populations of these cities, but 
general consensus that all had populations between 200,000 and 
300,000. some estimates, however (particularly for Baghdad), go 
much higher (see under 1000 Ce).

1100 Ce: Constantinople, 250,000;22 2.34 points. Wickham also 
suggests that Cairo reached 250,000 in the eleventh century.23

1000 Ce: Cordoba, 200,000; 1.87 points. this is my own esti-
mate. several estimates put Cordoba at 400,000– 500,000. Chandler 
also thinks that Constantinople’s population was 300,000 and Bagh-
dad’s 125,000. these estimates, however, all seem very high. Haldon 
puts Constantinople at 150,000, and the settled area of Baghdad 
(550– 860 ha) seems too small for a population above 100,000. Cor-
doba covered roughly twice as large an area, and i therefore suggest 
that its population peaked around 200,000 in the eleventh century.24

900 Ce: Cordoba, 175,000; 1.64 points. this is my own estimate. 
Chandler estimates Baghdad at 900,000, Constantinople at 300,000, 
and Cordoba at 200,000. several other scholars also put the popula-
tion of Baghdad quite high, though nowhere near as high as Chan-
dler. ira lapidus, for instance, suggests 300,000– 500,000, which 
would require a population density of 350– 900/ha. Chandler’s esti-
mate would call for a density of 1,050– 1,600. Both these figure seem 
extraordinarily high; other large preindustrial cities rarely managed 
200/ha.25

800 Ce: Baghdad, 175,000; 1.64 points. again this is my own es-
timate. Baghdad clearly grew very quickly after its foundation in 
762, and its population may have peaked before the sieges of 812– 
813 and 865. Chandler estimates 700,000 for Baghdad, 250,000 for 
Constantinople, and 160,000 for Cordoba. again, these numbers 
seem very high given the physical size of the cities and the generally 
small populations in the Western core at this point, after centuries of 
plagues. Haldon sets the population of Constantinople in 750 Ce at 
just 40,000– 50,000.26

700 Ce: Constantinople, 125,000; 1.17 points. My estimate, ex-
trapolated from Haldon’s figures for 500 and 750 Ce. Constantino-
ple’s population clearly fell very steeply between 550 and 750 Ce, 
beginning with the Justinianic plague and accelerating after the Per-
sian Wars in the 610s and the breakdown of the Constantinople- 
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egypt grain trade in the 640s. Haldon estimates Constantinople’s 
population at 40,000– 50,000 in 750 Ce, but the evidence does not 
allow us to be sure how much of the fall came before 700 and how 
much after. i assume that the most severe period of decline came 
after 700, with the population falling just 15– 20 percent in the sev-
enth century then a further 65 percent in the eighth century.27

600 Ce: Constantinople, 150,000; 1.41 points. see discussion 
under 700 Ce.

500 Ce: Constantinople, 450,000;28 4.23 points. Cameron and 
Wickham suggest 500,000, and Chandler says 400,000. the argu-
ments depend heavily on our sources for the grain supply. rome’s 
population fell very quickly after the loss of north africa in 439, 
probably shrinking to just 20,000– 40,000 by about 600 Ce. Wick-
ham calls seventh- century rome an “urban village.”29

400 Ce: rome, 800,000;30 7.49 points. the population of rome 
probably fell during the third century Ce, but it is hard to say just 
how much. it was clearly by far the biggest city in the Mediterra-
nean in the fourth century, though, and may have still had three 
quarters of a million residents as late as the vandal conquest of 
north africa in 439. after that, the population fell very sharply. 
Wickham suggests a lower figure, of 500,000 in the early fifth 
century.31

300 Ce: rome, 800,000; 7.49 points. see under 400 Ce. the 
number of urban districts was lower in 300 Ce than in 400, which 
may mean that the population fell more sharply in the third century 
than i have allowed for and then grew again during the fourth cen-
tury, but there is no way to be sure.

200 Ce: rome, 1,000,000; 9.36 points. Most scholars think that 
rome had a million residents by the late first century BCe, and that 
the population stayed somewhere around that level until at least 200 
Ce, then declined significantly in the third century and dramatically 
in the fifth.32 We probably cannot be more precise than that, though. 
some scholars suggest that rome was much smaller, perhaps never 
exceeding 500,000.33 that is very much a minority view, however, 
and 500,000 is probably the minimum possible number.34 the argu-
ments depend partly on a separate set of heated debates over the 
population of italy as a whole (either 4– 5 million or 12+ million)35 
and partly on the density of population within the city itself.
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100 Ce: rome, 1,000,000; 9.36 points. this is the generally ac-
cepted figure for the first two centuries Ce (see under 200 Ce). it is 
perfectly possible that the population kept growing until about 200 
Ce, but it probably never greatly exceeded a million.36

1 BCe/Ce. rome, 1,000,000; 9.36 points. see under 200 Ce.
100 BCe: alexandria, perhaps rome, 400,000;37 3.75 points. the 

grain trade statistics are again important.38

200 BCe: alexandria, 300,000;39 2.81 points.
300 BCe: Babylon, alexandria, 150,000;40 1.4 points. scheidel 

suggests that alexandria grew very rapidly after its foundation in 
331 BCe and then slowed down in the third and second centuries 
BCe.

400 BCe: Babylon, 150,000;41 1.4 points. estimates depend on 
city size, densities, and interpretation of contemporary comments 
by Herodotus and aristotle. some estimates for Babylon are lower; 
Gates suggests 80,000, which seems reasonable to me for second- 
millennium BCe Babylon, but may be too low for the mid- first mil-
lennium BCe.42

500 BCe: Babylon, 150,000; 1.4 points. see under 400 BCe.
600 BCe: Babylon, 125,000; 1.17 points. My estimate, extrapo-

lated from estimates for 400 BCe and 500 BCe.
700 BCe: nineveh, 100,000;43 0.94 points. estimates once again 

depend largely on guesses at densities and interpretation of contem-
porary comments such as Jonah (3:3, 4:11). Consequently, they vary 
wildly; Åkerman, for instance, suggests 300,000 at nineveh, which 
would mean a density of 630/ha.44

800 BCe: nimrud (also known as Kalhu), 75,000; 0.7 points. see 
under 700 BCe.

900 BCe: thebes, 50,000;45 0.47 points. egyptian written sources 
during the third intermediate Period (ca. 1100– 650 BCe) are par-
ticularly poor,46 and archaeologists have rarely made settlement ex-
cavations of sites of this period a priority, so our estimates are par-
ticularly speculative.

1000 BCe: thebes, 50,000;47 0.47 points.
1100 BCe: Memphis, thebes, tanis, 50,000;48 0.47 points.
1200 BCe: Babylon, thebes, 80,000;49 0.75 points. the residen-

tial areas of the new Kingdom city at thebes and Bronze age Bab-
ylon lie largely beneath the water table, which makes serious study 
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difficult. However, thebes was clearly much larger than the Middle 
Kingdom city, which covered only about 50 ha and was probably 
the world’s largest city between 1500 and 1200 BCe. Most of our 
scanty information about Babylon comes from the early German 
excavations in the Merkes neighborhood.50

1300 BCe: thebes, 80,000;51 0.75 points.
1400 BCe: thebes, 80,000;52 0.75 points.
1500 BCe: uruk, thebes, 75,000;53 0.7 points. some estimates are 

much higher; Christian, for instance, suggests that Babylon reached 
200,000 people.54

1750 BCe: Babylon, 65,000; 0.61 points. My estimate. We remain 
ignorant about the size and density of population in Hammurabi’s 
Babylon (reigned 1792– 1750 BCe on the “long chronology”), 
which not only lies under the water table but also is buried under 
first- millennium BCe Babylon. it was probably the biggest city in 
the world, commanding an extensive empire.55 the remains of other 
eighteenth- century BCe Babylonian cities suggest quite high densi-
ties, and a guess of around 65,000 will be in the right range, although 
we lack information for a proper estimate.56

2000 BCe: Memphis, ur, 60,000;57 0.56 points. there is so much 
disagreement over population densities in third- millennium BCe 
cities (particularly in Mesopotamia)58 that most archaeologists avoid 
offering numbers, and Chandler’s estimates have largely stood un-
challenged. that said, we can be fairly confident that no city had 
100,000 people in the third or even the second millennium BCe, and 
that the biggest cities were in the 50,000 ± 15,000 range (i.e., 0.33– 
0.61 points). the figures for uruk, based on r. M. adams’s survey,59 
are probably more reliable than those for Memphis and ur, and par-
ticularly than the guess for akkad, which has not even been 
located.

2250 BCe: akkad, Memphis, 35,000;60 0.33 points. see under 
2000 BCe.

2500 BCe: uruk, 50,000;61 0.47 points. see under 2000 BCe.
3000 BCe: uruk, 45,000;62 0.42 points. see under 2000 BCe.
3500 BCe: uruk, susa, tell Brak, 8,000; 0.09 points. the num-

bers for uruk and susa are pure guesses, rather than proper esti-
mates. uruk seems to have grown very rapidly between 3500 and 
3000 BCe. it was clearly the largest settlement in sumer in 3500,63 
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but with the evidence currently available we cannot be very precise 
about its population. the remains at susa also show that it was a 
substantial town, but given the poor quality of the nineteenth- 
century excavations we are unable to put a precise population figure 
on it. the recent excavations at tell Brak suggest that it reached 
10,000 people by 3000 BCe and had been very big—perhaps even 
the largest settlement in the world—across much of the previous 
two thousand years. However, no good estimates yet exist.64

4000 BCe: uruk, tell Brak, 5,000; 0.05 points. see under 3500 
BCe.

5000 BCe: tell Brak, 4,000; 0.04 points. see under 3500 BCe.
6000 BCe: Çatalhöyük, 3,000;65 0.03 points.
7000 BCe: Beidha, Basta, Çatalhöyük, 1,000;66 0.01 points. Jeri-

cho may have been roughly the same size, and there may also have 
been some earlier settlements of roughly this scale; Maisels suggests 
that Mureybet had 500– 1,000 residents around 8000 BCe.67

8000 BCe: Probably no site in the Western core had as many as 
500 people before 7500 BCe at the earliest, which means that none 
reaches 0.01 points on the index, the smallest score i record.

estiMates of eastern City sizes

2000 Ce: tokyo, 26,400,000;68 250 points. the largest city in China 
was shanghai (12,900,000; 120.79 points).

1900 Ce: tokyo, 1,750,000;69 16.39 points. some urban histori-
ans make slightly lower estimates,70 but there seems to be general 
agreement on a figure in this area, based on multiple kinds of official 
statistics from censuses, tax returns, food supplies, and military per-
sonnel. in China, the largest city was Beijing, with around 1,100,000 
residents (10.3 points).

1800 Ce: Beijing, 1,100,000;71 10.3 points. estimates for Qing- era 
Beijing are based heavily on statistics for food imports, and vary 
wildly. at different points, Braudel suggested 3 million or 2– 3 mil-
lion. Chandler’s estimate seems more in line with social historians’ 
accounts of Qing Beijing.72
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table 4.2  
eastern maximum settlement sizes, 4000 BCe–2000 Ce

Date Settlement Size Points

4000 BCe Jiangzhai, Jiahu 300 0
3500 BCe xipo 2,000 0.02
3000 BCe dadiwan 5,000 0.05
2500 BCe taosi, liangchengzhen, 

yaowangcheng
10,000 0.09

2250 BCe taosi, liangchengzhen, 
yaowangcheng

14,000 0.13

2000 BCe fengcheng-nanshui 11,000 0.1
1750 BCe erlitou 24,000 0.22
1500 BCe zhengzhou 35,000 0.33
1400 BCe zhengzhou 35,000 0.33
1300 BCe zhengzhou 35,000 0.33
1200 BCe anyang 50,000 0.47
1100 BCe anyang 50,000 0.47
1000 BCe luoyi, feng 35,000 0.33
900 BCe luoyi, feng 40,000 0.37
800 BCe luoyi, feng 45,000 0.42
700 BCe linzi, luoyi 55,000 0.51
600 BCe linzi, luoyi 65,000 0.61
500 BCe linzi 80,000 0.75
400 BCe linzi, Qufu, luoyi, xinzheng, 

Wuyang
100,000 0.94

300 BCe linzi, Qufu, luoyi, xinzheng, 
Wuyang

125,000 1.17

200 BCe Chang’an 250,000 2.81
100 BCe Chang’an 375,000 3.75
1 BCe/Ce Chang’an 500,000 4.68
100 Ce luoyang 420,000 3.93
200 Ce Chang’an 120,000 1.12
300 Ce Pingyang, Chang’an, luoyang, 

xuchang, ye
140,000 1.31

400 Ce Pingcheng 200,000 1.87
500 Ce luoyang 200,000 1.87
600 Ce daxingcheng/Chang’an 600,000 5.63
700 Ce Chang’an 1,000,000 9.36
800 Ce Chang’an 1,000,000 9.36
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1700 Ce: Beijing, 650,000;73 6.09 points. Beijing’s population fell 
sharply after the terrible sack of 1644, and in 1700 had probably not 
yet returned to its 1600 level. some historians, however, suggest 
much higher figures.74

1600 Ce: Beijing, 700,000;75 6.55 points. some historians suggest 
higher figures,76 but rarely provide evidence to support them.

1500 Ce: Beijing, 678,000;77 6.35 points. Mote estimated the pop-
ulation of nanjing and Beijing at about 1 million each through the 
sixteenth and seventeenth centuries, but this seems unlikely, both 
because it is very high (Beijing probably did not reach 1 million until 
late in the eighteenth century) and because nanjing is generally be-
lieved to have seen a roughly 50 percent population decline Beijing 
replaced it as the capital in 1421, as Mote himself recognizes else-
where. Bairoch agreed with a lower estimate, thinking that Beijing 
had at least 600,000 people in 1600.78

1400 Ce: nanjing, 500,000;79 4.68 points. Mote says that he 
thinks nanjing’s population was about 1 million, but his own rough 
calculation actually produces a figure of 400,000– 500,000.80

1300 Ce: Hangzhou, 800,000;81 7.5 points. Bairoch suggests that 
four other Chinese cities around 1300 had populations in the 
200,000– 500,000 range while Hangzhou was “perhaps considerably 
larger.” His calculations from the figures for rice consumption, 

table 4.2 (continued)

Date Settlement Size Points

900 Ce Chang’an 750,000 7
1000 Ce Kaifeng 1,000,000 9.36
1100 Ce Kaifeng 1,000,000 9.36
1200 Ce Hangzhou 1,000,000 9.36
1300 Ce Hangzhou 800,000 7.5
1400 Ce nanjing 500,000 4.68
1500 Ce Beijing 678,000 6.35
1600 Ce Beijing 700,000 6.55
1700 Ce Beijing 650,000 6.09
1800 Ce Beijing 1,100,000 10.3
1900 Ce tokyo 1,750,000 16.39
2000 Ce tokyo 26,400,000 250
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however, point more precisely to 800,000, while elvin calculates 
600,000– 700,000 from the rice figures. rozman also thought twelfth- 
century and thirteenth- century Hangzhou’s population was over 
500,000, and could have been as high as 1 million. Kuhn and Chris-
tian also lean toward 1 million, and skinner, 1.2 million.82 i take the 
higher figure of roughly 1 million for 1200 Ce, and the lower figure 
of 800,000 for 1300 Ce, by which time population was falling across 
China as a whole. the city was certainly the biggest in the world 
when Marco Polo visited in the late thirteenth century,83 but the fig-
ure implied by Marco’s comments—5– 7 million—must be far too 
high. there was probably no way Marco could have known Hang-
zhou’s population, beyond the simple fact that it was enormous 
compared to european and Muslim cities of his day.

1200 Ce: Hangzhou, 1,000,000; 9.36 points. see under 1300 Ce.
1100 Ce: Kaifeng, 1,000,000;84 9.36 points. Chandler and Bairoch 

think Kaifeng was smaller (suggesting 400,000 and 400,000– 450,000, 
respectively), but this seems at odds with contemporary descrip-
tions of the city.85 Much of the uncertainty seems to revolve around 
the question of which wards to count as “urban.” the new City 
was built in 955 with a 27 km fortification wall (extended by 3.3 km 
in 962), adding seventy- five new wards to the old City’s forty- six, 
but well before 1000 Ce the population was spilling out beyond the 
walls. By 1021 fourteen large new extramural wards had been recog-
nized. official statistics say that 890,000 people lived in Kaifeng pre-
fecture around 980 Ce, increasing to 1.3 million in 1103, with some 
parts of the city achieving densities of 500/ha.86 if we count only the 
people within the fortification walls, Chandler’s and Bairoch’s esti-
mates are probably reasonable; if we count the whole population, 
Mote’s, skinner’s, and Kuhn’s preference for the official figures 
seems sensible. i lean toward the latter, but given the ambiguities in 
the data i simply make an approximate estimate of 1 million people. 
according to the official figures, Hangzhou probably also had 
800,000 to 1 million residents by 1100.87

1000 Ce: Kaifeng, 1,000,000; 9.36 points. see under 1100 Ce.
900 Ce: Chang’an, 750,000; 7 points. My estimate. Chinese his-

torians rarely express opinions on Chang’an’s population around 
900 Ce. the bandit Huang Chao sacked the city repeatedly in the 
late 870s, burning it to the ground completely in 880 and 883 and, 
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not surprisingly, causing its population to go into sharp decline. 
Prior to the late 870s Chang’an was certainly the world’s biggest 
city. Benn suggests that its population reached 2 million, and Kuhn 
suggests “more than one million people,” but it is hard to see how 
even after the construction of the Grand Canal enough grain could 
have been shipped to Chang’an to feed a population of the size pro-
posed by Benn.88 skinner’s suggestion that Chang’an probably had 
around a million residents in middle tang times seems more plausi-
ble, and i use that number for 800 and 700 Ce.89 the city walls, en-
closing just over thirty square miles, could certainly have contained 
a million people, but Benn’s 2 million would call for improbably 
high densities. it is much less clear, though, how sudden the collapse 
in population was from the 870s onward. Primary sources say that 
the city was completely ruined when emperor xizong returned 
there in 885,90 but that is clearly an overstatement because the dy-
nasty remained there for another twenty years, until the warlord 
zhu Wen ordered all the remaining buildings pulled down in 904. i 
have assumed that Chang’an remained a major population center 
until that point. if that is wrong, however, the east’s organization/
city size score in 900 Ce must still have been high, since luoyang 
probably had 500,000– 750,000 residents at that time. Wu zetian is 
supposed to have transferred 100,000 families to luoyang when she 
made it her home in the late seventh century, and Benn put the pop-
ulation as high as 1 million. rozman, however, suggested 500,000 
for luoyang.91

800 Ce: Chang’an, 1,000,000;92 9.36 points. see under 900 Ce.
700 Ce: Chang’an, 1,000,000;93 9.36 points. see under 900 Ce.
600 Ce: daxingcheng (renamed Chang’an by the tang dynasty 

in the seventh century), 600,000; 5.63 points. My estimate. the sui 
dynasty built daxingcheng as their new capital with a walled area of 
more than thirty square miles to accommodate the population of 
about 1 million that it would have in the seventh century. When the 
emperor took up official residence in 583, though, the city was still a 
construction site, with many wards unoccupied. the population 
must already have been very large in 600 Ce, since many tens of 
thousands of laborers would have been needed for the project, plus 
families, not to mention plenty of officials and workers (plus fami-
lies), and thousands of monks and nuns at more than a hundred tem-
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ples and monasteries. furthermore, when the sui overwhelmed 
southern China’s Chen dynasty in 589, enormous numbers of peo-
ple from the south were deported to daxingcheng.94

500 Ce: luoyang, 200,000;95 1.87 points. emperor xiaowen of 
northern Wei relocated his capital from Pingcheng to luoyang in 
493, and according to the texts moved 150,000 warriors there by 
495, granting them farmlands around luoyang. the city grew much 
more during the sixth century, perhaps reaching 600,000 people, like 
daxingcheng.96

400 Ce: Pingcheng, 200,000 (my estimate); 1.87 points. there 
were several large cities in northern China around 400 Ce, but 
Pingcheng (renamed datong in 1048) was probably the biggest. the 
texts say that in 398 Ce, 100,000 xianbei were forcibly relocated to 
Pingcheng, and in 399, another 100,000 peasants from Henan and 
2,000 wealthy ethnic Chinese families were taken there too. With 
the partial exception of ye, the archaeological evidence for cities in 
the period 200– 400 Ce is particularly poor.97

300 Ce: Pingyang, Chang’an, luoyang, xuchang, ye, 140,000 
(my estimate); 1.31 points. it is difficult to define what exactly 
counted as a city in the fourth and fifth centuries Ce; north Chi-
nese cities were like giant encampments, with the major wars of the 
period basically being slave raids in which warlords rounded up tens 
of thousands of families and concentrated them in and around their 
own fortress to work the abundantly available land.98 Pingyang, 
Chang’an, luoyang, xuchang, and ye all became large cities in the 
years around 300 Ce, probably somewhat bigger than the largest 
cities had been around 200 Ce and somewhat smaller than the larg-
est cities would be in 400 Ce.

200 Ce: Chang’an, 120,000 (my estimate); 1.12 points. in 190 the 
warlord dong zhuo pillaged and destroyed luoyang, moving its 
population to Chang’an, and in 196 Cao Cao relocated the imperial 
court to Chang’an (only for the court to move back to luoyang as 
soon as Cao Cao died). these cities were clearly much smaller than 
luoyang had been in 100 Ce, let alone Chang’an in 1 Ce.

100 Ce: luoyang, 420,000;99 3.93 points. archaeologists and his-
torians have described the layout of the major Han cities in some 
detail,100 but rarely offer population estimates. the accounts of the 
excavated areas and surviving city plans make it sound like Chang’an 
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and luoyang (capitals for most of the periods 206 BCe– 32 Ce and 
32– 220 Ce, respectively) had populations running into several hun-
dred thousands. the literary sources say that the Qin first emperor 
forcibly resettled 120,000 families in his capital of xianyang in the 
220s BCe and moved more people there to tend his tomb site in the 
210s.101 these figures may well be exaggerated, but xianyang prob-
ably did have 200,000+ residents at the time of his death on 210 
BCe, and the Han dynasty’s new capital at Chang’an was at least as 
large. By the first century BCe Chang’an’s two main markets cov-
ered 50 and 25 ha, which similarly suggest a very large population. 
the city covered an enormous area of 44.5 km2, but the density of 
occupation within the excavated areas combined with Chang’an’s 
notorious food supply difficulties suggests that it was never as pop-
ulous as contemporary rome. i estimate that it probably peaked to-
ward the end of the Western Han dynasty (i.e., ca. 1 BCe/Ce) 
around 500,000 people, though the margin of error in this guess 
could easily be 20 percent.

estimates are complicated by the fact that the city also had satel-
lite cities around it, particularly those that grew up around the impe-
rial tombs, scattered for 30 km along the zheng Guo canal and 20 
km along the Ba and Chan rivers. if we combine Chang’an itself 
with these satellites, their total population may have surpassed 
rome, but since they appear to have been independent cities in every 
way, i have not done that. there is also some evidence that Chang’an’s 
growth slowed after 100 BCe, and that there was little new state 
construction after emperor Wudi’s death in 87 BCe.

luoyang was smaller than Chang’an, but was apparently more 
densely populated. i therefore make a slightly lower estimate for 
luoyang at its peak, of 420,000 people in 100 Ce. again, a margin of 
error of ± 20 percent seems plausible.

1 BCe/Ce: Chang’an, 500,000 (my estimate); 4.68 points. see 
under 100 Ce.

100 BCe: Chang’an, 375,000 (my estimate); 3.75 points. see 
under 100 Ce.

200 BCe: Chang’an, 250,000 (my estimate); 2.81 points. see 
under 100 Ce.

300 BCe: linzi, Qufu, luoyi, xinzheng, Wuyang, 125,000 (my 
estimate); 1.17 points. the cities of the spring and autumn and War-
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ring states periods remain poorly known archaeologically, but it 
seems clear that they increased steadily in size across the second half 
of the first millennium BCe.102 the walls of the largest cities (Wuy-
ang [state of yan], covering 27 km; xinzheng [zheng/Hann], 16 km; 
linzi [Qi], 15 km; Qufu [lu], 14 km; luoyi, later renamed luoyang 
[zhou], 12 km) typically encompassed areas of 9– 15 km2, suggesting 
populations in the 100,000– 200,000 range. However, some of the 
cities clearly had large ceremonial and industrial areas, and (at least 
at first) large areas were probably incorporated within the walls in 
anticipation of future growth. the estimates that follow are my 
own. the errors involved are probably larger than for Han cities, 
and may run as high as ± 50 percent.

the ancient literary sources are not very helpful; the Shi ji says 
that linzi in Qi had 70,000 households and boasted 210,000 adult 
males.103 the city was so crowded, sima Qian commented, that 
“when [people] shake off sweat, it feels like rain.” His numbers 
imply a total population of perhaps 350,000– 750,000, which would 
make linzi’s population much bigger than contemporary Babylon’s. 
this seems impossibly high, though, given the physical size of the 
city; it would also mean that the populations of the largest Chinese 
cities in fact did not grow between about 500 and 1 BCe, even 
though the evidence suggests unequivocally that they at least dou-
bled and probably quadrupled in size across this period.

Bairoch suggested that four to six cities had populations over 
100,000 during the Warring states period (480– 221 BCe), which is 
broadly in line with the estimates i make here.104

400 BCe: linzi, Qufu, luoyi, xinzheng, Wuyang, 100,000 (my 
estimate); 0.94 points. see under 300 BCe.

500 BCe: linzi, 80,000 (my estimate); 0.75 points. see under 300 
BCe.

600 BCe: linzi, luoyi, 65,000 (my estimate); 0.61 points. the 
evidence is even poorer for the first half of the first millennium BCe 
than it is for the second half (or, for that matter, for the later second 
millennium BCe). We can be certain that the biggest cities around 
1000 BCe were smaller than those of those around 500 BCe, but we 
cannot be sure how much smaller. i guess that the populations of the 
earlier cities were roughly half the size of those of the later ones, but 
everything depends on estimates of settlement size and density.
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the data from the biggest cities (the Western zhou capitals at 
feng and Hao in the Wei valley, and the eastern zhou capital of 
luoyi [later renamed luoyang]) are poor, restricted largely to elite 
tombs and hoards of bronzes.105 the finds at feng are scattered over 
roughly 12.5 km2 and those at Hao across some 6 km2, but only 
small parts of these areas would have been built up. at luoyi we do 
not even know if the chance finds come from the city of luoyi itself 
or represent both luoyi and zhengzhou.

von falkenhausen suggests that “the Western zhou capital in the 
Plain of zhou [i.e., the area of feng and Hao] consisted of a fairly 
haphazard agglomeration of major religious- cum- residential com-
pounds scattered over an area of perhaps 200 square kilometers, 
with spacious tracts of agricultural land in between.”106 if this is cor-
rect, it implies not only that the population was relatively small, but 
also that the settlement pattern may have been so dispersed that it is 
misleading to talk of “cities” at all in early- first- millennium BCe 
China. this issue also applies to the “cities” of the late second mil-
lennium BCe.

that said, there clearly are differences in the density of finds 
across this 200 km2, and it seems reasonable to think (as first- 
millennium BCe Chinese authors did) of feng, Hao, and luoyi as 
distinct nuclei, even if they were not exactly “urban” in the sense of 
having dense, continuous areas of housing.107 i guess at 35,000 resi-
dents at luoyi and feng around 1000 BCe and perhaps half that 
many at Hao. i think it is unlikely that luoyi and feng had as many 
as 50,000 residents in 1000 BCe,108 given the amount of growth that 
seems to have gone on in the first half of the first millennium BCe, 
and that they had fewer than 20,000 residents. i therefore project the 
biggest eastern cities growing at a fairly smooth rate, slightly more 
than doubling in population from about 35,000 people in 1000 BCe 
to about 80,000 in 500 Ce.

700 BCe: linzi, luoyi, 55,000 (my estimate); 0.51 points. see 
under 600 BCe.

800 BCe: luoyi, feng, 45,000 (my estimate); 0.42 points. see 
under 600 BCe.

900 BCe: luoyi, feng, 40,000 (my estimate); 0.37 points. see 
under 600 BCe.
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1000 BCe: luoyi, feng, 35,000 (my estimate); 0.33 points. see 
under 600 BCe. Chandler suggests 50,000 people for luoyi.109

1100 BCe: anyang, 50,000 (my estimate); 0.47 points. anyang, 
the final shang dynasty capital, has been extensively excavated since 
1928, although the walled city at Huanbei was located only in 1997. 
Huanbei’s walls enclose 470 ha, and a population of 20,000– 25,000 
seems plausible, but other remains at anyang sprawl across some 30 
km2.110 as in the early first millennium BCe (see under 600 BCe), it 
becomes hard to define where the boundaries of a “city” are in such 
a dispersed settlement system. My suggestion of 50,000 is therefore 
somewhat arbitrary; defining the city very narrowly as just the 
walled area could cut this estimate by 50 percent, while defining it 
very loosely to include the suburbs could perhaps raise the total to 
100,000 or more. a population of 50,000 would make anyang as 
large as Memphis in 1100 BCe; 100,000 would make it the biggest 
city in the world in the thirteenth through eleventh centuries BCe. i 
offer the figure of 50,000 as a middle ground between the very nar-
row and very loose definitions of the city.

anyang was founded around 1300 BCe and by 1200 had clearly 
become a major settlement (however defined). Given the uncertain-
ties of the estimate for 1100 BCe, there seems little point in com-
pounding the difficulties by offering a different estimate for 1200, so 
i simply propose 50,000 for both dates.

1200 BCe: anyang, 50,000 (my estimate); 0.47 points. see under 
1100 BCe. the walled settlement at sanxingdui may cover as much 
as 350 ha,111 and might have been a rival to anyang for population, 
but it remains poorly known.

1300 BCe: zhengzhou, 35,000 (my estimate); 0.33 points. the 
site of erligang at zhengzhou was founded around 1600 BCe and is 
usually assumed to be an early shang dynasty capital.112 the walled 
settlement covers 300 ha, but a larger peripheral wall encloses a total 
of 1,300 ha. as with anyang (see under 1100 BCe), there are two 
challenges—first, to define what we mean by “city” in such a case 
and, second, to calculate the density of occupation within the city. 
once again, my figure represents a middle ground between a mini-
malist definition, which might lead to a figure of no more than 
15,000 people within the walled core, and a very broad definition, 
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which might come to a number more like 50,000. zhengzhou seems 
to have been significantly smaller than thirteenth-  through eleventh- 
century anyang; my estimate of 35,000 would make it about half 
the size of contemporary Babylon or thebes.

1400 BCe: zhengzhou, 35,000 (my estimate); 0.33 points. see 
under 1300 BCe. in the absence of detailed evidence, i propose the 
same figure for zhengzhou from the sixteenth through the four-
teenth centuries BCe.

1500 BCe: zhengzhou, 35,000 (my estimate); 0.33 points. see 
under 1400 and 1300 BCe.

1750 BCe: erlitou, 24,000;113 0.22 points. erlitou is much better 
explored than the sites of 1500– 500 BCe, and in phase iii covered 
roughly 300 ha. this estimate—even though liu prefers to offer it as 
merely the midpoint of a range of estimates, from 18,000– 30,000—is 
probably the most reliable prehistoric demographic statistic in the 
east. the figure of 24,000 represents about 80 people/ha, a low den-
sity by the standards of contemporary Western cities like Babylon, 
but high relative to other prehistoric Chinese settlements.

2000 BCe: fengcheng- nanshui, 11,000 (my estimate); 0.1 points. 
the settlement seems to cover 230 ha,114 but remains poorly exca-
vated. i assume a low density of 50/ha.

2250 BCe: taosi, liangchengzhen, yaowangcheng, 14,000 (my 
estimate); 0.13 points. at its height, taosi covered about 280 ha;115 i 
assume a density of 50/ha. liu also comments that the largest chief-
doms of the longshan period had perhaps 10,000+ members, which 
might imply that we should use a lower density figure for taosi 
(where the remains are, indeed, extremely dispersed, even by the 
standards of prehistoric Chinese settlements).116 recent studies sug-
gest that liangchengzhen and yaowangcheng may have been even 
bigger than taosi in the second half of the third millennium, reach-
ing 272.5 and 367.5 ha, respectively.117

2500 BCe: taosi, liangchengzhen, yaowangcheng, 10,000;118 
0.09 points. taosi was clearly smaller in 2500 BCe than its later 
peak, but i am not aware of any good estimates of the difference. see 
under 2250 BCe.

3000 BCe: dadiwan, 5,000 (my estimate); 0.05 points. the settle-
ment covers roughly 100 ha, and i assume a density of about 50/
ha.119
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3500 BCe: xipo, 2,000 (my estimate); 0.02 points. the settlement 
covers roughly 40 ha,120 and i assume a density of about 50/ha.

4000 BCe: no settlement seems to have covered a large enough 
area to have had a population of 1,000, the minimum number to reg-
ister on the index (0.01 points). in 4000 BCe Jiangzhai covered 5 ha, 
but liu calculates a density of 44– 63/ha, meaning just 220– 315 peo-
ple. Peterson and shelach develop an interesting dynamic model of 
the site’s population, which produces slightly higher numbers, but 
still not much above 400 people.121 Jiahu also covered around 5 ha as 
early as 6000 BCe, but here too the density was very low. no other 
site of the seventh through fifth millennia BCe seems to cover more 
than 2 ha.

City size: disCussion

City size as a Proxy Measure for social organization

at every point for which we have textual data (beginning in the third 
millennium BCe in the West and the late second millennium BCe in 
the east) until the twentieth century Ce, the largest city in the world 
was always an administrative center. at the beginning of the textu-
ally documented period, Memphis was the capital of egypt and 
anyang was the capital of a shang dynasty state; in the nineteenth 
century Ce london was the capital of the British empire and Bei-
jing the capital of the Qing empire. and if we press back in time 
beyond Memphis and anyang, there is a certain amount of evidence 
that uruk in the West and zhengzhou (and probably erlitou too) 
were also the capitals of early states.122

this observation seems to validate the choice of city size as a 
proxy for social organization: through most of history, the size of 
the largest city in a region has been a function of the scale of political 
organization. in a previously published essay i suggested that this 
was the case in the Greek world of the first millennium BCe,123 and 
i would now extend this argument to premodern history as a whole. 
only in the twentieth century Ce did economic sources of power 
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trump political sources124 to such an extent that Washington, d.C., 
the capital of the world’s most powerful state, did not rank among 
the world’s thirty biggest cities in 2000 Ce, and Beijing, capital of 
the most powerful state in the east, ranked only twenty- fourth.125 
throughout all previous history, city size has been a fairly direct 
reflection of political organizational capacity.

City size/organizational Capacity  
as a function of energy Capture

in very general terms, the shapes of the history of energy capture 
(figure 2.5) and city size/organizational capacity (figure 4.1) have a 
certain amount in common. Both increased very slowly after the 
end of the ice age, accelerating in the last few millennia BCe, and 
then exploded in the nineteenth and twentieth centuries Ce. in both 
graphs, the Western score is higher than the eastern for most of the 
last ten thousand years. However, the differences between the two 
graphs are just as interesting as the similarities.

figures 4.2 and 4.3, respectively, plot Western and eastern en-
ergy capture and city size (expressed in terms of points on the index 
of social development) against each other on a log- linear scale (fig-
ures 4.4 and 4.5 show the same data on a linear- linear scale; the 
same patterns are visible, though not as sharply as on the logarith-
mic scale). the most striking contrasts between the energy capture 
and city size curves seem to be (a) that city size starts rising much 
later than energy capture and (b) that city size is much more vola-
tile than energy capture. Both these contrasts can be explained very 
easily: city size is a function of energy capture. only when a certain 
level of energy is being captured—somewhere around 7,000– 8,000 
kcal/cap/day—does the size of the largest settlements start to grow 
noticeably; but once a community has passed this threshold, rela-
tively small changes at the margin of the energy capture budget 
have massive consequences for the amount of energy available to 
organize larger communities.

Consequently, both east and West went through similar episodes 
of initial urbanization when energy capture reached roughly 11,000– 
12,000 kcal/cap/day (around 3500– 3000 BCe in the West and 2000– 
1500 BCe in the east; figure 4.6). Both saw settlement size slump at 
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figure 4.1. eastern and Western largest city sizes, 8000 BCe– 2000 Ce.
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figure 4.2. Western energy capture plotted against city size on a log- linear scale, 14,000 
BCe– 2000 Ce, measured in social development points.
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figure 4.3. eastern energy capture plotted against city size on a log- linear scale, 14,000 
BCe– 2000 Ce, measured in social development points.
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BCe– 2000 Ce, measured in social development points.
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BCe– 2000 Ce, measured in social development points.
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the end of the third millennium BCe, in the crises associated with 
the fall of akkad, ur, and the egyptian old Kingdom in the West 
and taosi and the early cities of shandong in the east,126 even though 
the crises of these years had only a tiny impact on energy capture in 
the West or the east.

the changes in the last three thousand years have been even more 
spectacular (figure 4.7). in both east and West, the rate of increase in 
energy capture accelerated in the first millennium BCe, but city 
sizes grew even faster. once again, there seems to have been a thresh-
old in energy capture, this time a little over 20,000 kcal/cap/day, 
above which societies created cities of 100,000+ residents, and an-
other threshold, around 27,000 kcal/cap/day, above which supercit-
ies of 500,000 to 1 million people became possible. the great crises 
of the early first millennium Ce reduced energy capture in both 
east and West much more sharply than any previous crisis (by 
nearly 20 percent between 100 and 700 Ce in the West and by nearly 
4 percent between 100 and 300 Ce in the east), but their impact on 
city sizes was much greater—Western cities shrank by more than 85 
percent between 200 and 700 Ce and eastern cities by more than 75 
percent between 1 and 200 Ce).

the east then saw a surge in city size in the mid-  and late first mil-
lennium Ce to rival that of rome in the late first millennium BCe 
when it had passed through the same 27,000 kcal/cap/day threshold: 
eastern energy capture increased by 13 percent between 500 and 
1000 Ce (from 26,000 to 29,500 kcal/cap/day), but the biggest east-
ern cities grew by 400 percent across the same half millennium (from 
200,000 to 1 million residents). the wars that brought down China’s 
tang dynasty in the late first millennium Ce barely touched energy 
capture but did cause a short- term 25 percent dip in city size.

the energy capture– city size relationship continued operating 
through the second millennium Ce. the second old World ex-
change of 1200– 1400 Ce drove energy capture down by 5 percent in 
the east but halved the population of the largest city;127 in the West 
it left energy capture untouched but cities shrank by almost two-  
thirds.

the surge in energy capture since 1500 Ce (and especially since 
1800) had a predictably dramatic effect on city size. there seems to 
have been another threshold somewhere around 45,000 kcal/cap/



soCial orGanization × 171

day, which made multimillion- resident cities possible. the great 
wars of the twentieth century devastated the east’s biggest cities, but 
such is the volatility of city size that tokyo and Beijing were bigger 
than ever by the 1960s, while the West’s biggest cities (in the ameri-
cas) remained entirely untouched by the wars.

Magnitudes of City size

the city- size data also suggest that different levels of social develop-
ment impose fairly firm orders of magnitude on settlement size. Pr-
estate agrarian societies (as found in the Western core before 3500 
BCe and in the eastern before 2000 BCe) do not seem to be able to 
support settlements of more than roughly ten thousand people; 
agrarian states (which dominated the Western core between the 
fourth and early first millennia BCe and the eastern core between 
the early second and mid- first millennia BCe) do not seem to be 
able to support settlements of more than roughly a hundred thou-
sand people; and agrarian empires (which dominated the Western 
core between the mid- first millennium BCe and late second millen-
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nium Ce and the eastern core between the late first millennium 
BCe and late second millennium Ce) do not seem to be able to 
support settlements of more than roughly a million people. indus-
trial societies, however, can support cities of more than 25 million 
(figure 4.8).

the neatness of the premodern orders of magnitude of course 
depends in part on the roughness of the quantitative estimates (the 
flat tops on the lines in figure 4.7 illustrate neatly the vagueness of 
our knowledge; rome, Chang’an, Kaifeng, and Hangzhou could 
just as easily have had 800,000 or 1.2 million residents as the 1 mil-
lion that the graph ascribes to them). However, the consistency of 
the results does suggest a hypothesis that would be worth testing 
against data from other parts of the world—that without the energy 
windfall provided by fossil fuels, and the associated organizational 
and technological gains, no one would be living in cities that grew 
much beyond a million residents. We have yet to see what limits our 
current level of development imposes on settlement size and whether 
we will transcend those limits.128
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War- makIng CaPaCIty

MeasurinG War- MaKinG CaPaCity

nothing made Western domination of the world quite so clear as the 
first opium War of 1840– 42 Ce, when a small British fleet shot its 
way into China, threatened to close the Grand Canal that brought 
food to Beijing, and extracted humiliating concessions from the 
Qing government. according to lord robert Jocelyn, who accom-
panied the fleet, “the ships opened their broadsides upon the town 
[of tinghai], and the crashing of timber, falling houses, and groans 
of men resounded from the shore. the firing lasted form our side for 
nine minutes. . . . We landed on a deserted beach, a few dead bodies, 
bows and arrows, broken spears and guns remaining the sole occu-
pants of the field.”1

the Chinese learned the lesson well. “every communist must 
grasp this truth,” Mao zedong would say a century later: “political 
power grows out of the barrel of a gun.”2 it was ever thus, and 
the capacity to make war has always been a crucial part of social 
development.3

fortunately for the index, a combination of factors—historians’ 
obsession with recording wars, compulsive military record keeping, 
artistic patrons’ fondness for being portrayed as warriors, the wide-
spread practice of burying dead men with arms and armor, the ar-
chaeological visibility of fortifications—means that we are relatively 
well informed about some aspects of war in many historical con-
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texts. our problems with quantifying war- making capacity come 
more from conceptual challenges than from lack of data.

attempts to measure war- making capacity are as old as war itself. 
nearly all decisions to go to war involve some kind of assessment of 
societies’ relative military power (even if aggressors regularly over-
estimate their own strength while defenders regularly underestimate 
theirs), and in the twentieth century a string of military profession-
als and outsiders have tried to develop algorithms allowing generals 
to predict the outcome of conflicts.

the first, and in some ways most influential, of these quantifiers 
was the polymath frederick William lanchester. in addition to 
being one of Britain’s most important automotive engineers, lan-
chester wrote a pioneering book on air warfare,4 proposing a series 
of differential equations to predict the outcomes of dogfights. since 
then, lanchester equations have been developed into a general quan-
titative approach to attrition in battle.5

the lanchester equations have been criticized repeatedly for 
their unrealistic assumptions. in the 1970s and 1980s, retired u.s. 
army colonel trevor nevitt dupuy developed a much more com-
plex Quantified Judgment Model, employing no fewer than seventy- 
three variables; but in the last decade, much simpler—and much 
more convincing—alternatives have been developed.6

all these approaches have been designed to quantify potential fu-
ture conflicts, and have been tested against data from actual histori-
cal conflicts.7 Comparing war- making capacity between societies in 
different historical periods or so widely separated by geography 
that they never come into contact, which is what the social develop-
ment index needs to do, presents much greater problems. Military 
professionals often use the “rock- paper- scissors” children’s game to 
describe how fighting systems work: system a (say, infantry with 
muskets) might be superior to system B (say, cavalry with sabers), 
and system B superior to system C (smoothbore artillery); but sys-
tem C can simultaneously be superior to system a. Because military 
capacity is always context dependent (i.e., armed forces are created 
to fight specific kinds of enemies, under particular geographic and 
political conditions, and armed forces that do well against one kind 
of enemy may do much less well against other kinds of enemies), 
comparisons ranging widely across time and space are necessarily 
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much more abstract than similarly broad comparisons of energy 
capture or city size.

Comparisons of war- making capacity must come down to mea-
suring the destructive power available to societies. By “destructive 
power” i mean the number of fighters they can field, modified by 
the range and force of their weapons, the mass and speed with which 
they can deploy them, their defensive power, and their logistical ca-
pabilities. Moreover, these basic facts—which are reasonably well 
documented for many times and places—must be combined with 
estimates of less well documented but equally important factors, 
such as morale, leadership, command and control, clear understand-
ing of strategic, operational, and tactical principles, and organiza-
tional learning ability, as well as the broader parameters of the econ-
omy, logistics, ideology, and politics.

the technical problems are daunting, but since the late nineteenth 
century war gamers (both military professionals and amateurs) have 
been struggling to find ways to reduce the bewildering complexity 
of reality to numerical values that can be compared.8 on the whole, 
the military historian Philip sabin is probably correct that commer-
cial war games generally try to reproduce too much detail, but, much 
like the social development index, the great contribution of the 
games is that they make assumptions explicit.

some game systems come in multiple versions, simulating fight-
ing in different times and places, providing an excellent starting 
point for thinking about war- making capacity across time and space. 
the GMt Games series Great Battles of History, for example, in-
cludes variants for second- millennium BCe chariot battles in south-
west asia, the roman republic’s wars in the third and second cen-
turies BCe, battles in india in the same period, and thirteenth- century 
Ce Mongol battles.9 at the tactical level, at least, it allows thought- 
provoking comparisons—although, like any such system of rules, 
its greatest value may lie in the questions it raises when the system 
seems not to work well.

in principle, the transhistorical comparisons required by the so-
cial development index should be no different from comparison of 
actual historical contexts, but in practice the sheer scale of change 
over time—and the fact that so- called revolutions in military affairs 
are often designed explicitly to produce war- making systems that 
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are simply incomparable with earlier systems—vastly complicates 
matters. the most famous example is HMs Dreadnought, the mas-
sively armed and armored battleship introduced by Britain in 1906 
with the aim of rendering all previous warships obsolete—only for 
naval tactics to evolve to fit this new weapon into a system in which 
older kinds of warships remained important.10

the same is true even of the deadliest modern weapons of all, 
nuclear arms. nuclear weapons are far more destructive than non- 
nuclear weapons, but they are not incomparably more destructive. 
the very fact that the force of nuclear weapons is measured in kilo-
tons and megatons—thousands/millions of tons of tnt equiva-
lent—illustrates this.

the destructive power of nuclear- armed states dwarfs anything 
in earlier history. in three years of bombing, 1942– 45, the u.s. 
eighth air force dropped 700,000 tons of tnt on Germany; on 
Halloween 1961, the soviet union tested a single bomb (the so- 
called “tsar Bomba”) with a yield equivalent to 50– 57 million tons 
of tnt. By 1966 a single soviet ss- 9 Model 2 missile could carry a 
warhead equivalent to 25 million tons of tnt, more than thirty 
times the destructive power of all the bombs the united states 
dropped on Germany in World War ii; and by the 1970s the soviet 
union had deployed 255 of these iCBMs.11

nevertheless, the destructive force of nuclear weapons does re-
main measurable on the same scales as conventional weapons, just as 
the poisoning effects of radioactive fallout can be measured in rads 
and compared with the smaller poisoning effects of chemical and 
biological weapons.12 and like the dreadnought- class battleships 
built after 1906, nuclear weapons have been fitted into broader war- 
making systems that continue to rely on weapon types (albeit in 
much more effective forms) that were in use before 1945. nuclear 
war is unimaginable but not unmeasurable.13

the biggest difficulty that the index of social development has in 
measuring war- making capacity is in quantifying the relationship 
between the armed forces of 2000 Ce and those of earlier periods. 
the leap in capacity between 1900 and 2000 was so enormous that it 
is difficult to measure, and similar difficulties, though on a less enor-
mous scale, also apply to the leap between 1800 and 1900.

on the one hand, this means that if we assign the maximum 250 
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points on the scoring system to the West in 2000, there will be a wide 
margin of error in percentage terms in estimates of war- making ca-
pacity in 1900, let alone in 1800 or any earlier period. on the other 
hand, because the gulf between modern destructive power and that 
in earlier periods is so enormous, the pre- 1800 Ce scores will be 
tiny, meaning that in terms of actual points on the social develop-
ment index the margins of error will also be tiny. as we will see, the 
answers that i offer to these questions mean that no war- making 
system before 1600 Ce merits even 0.2 points (i.e., less than one 
one- thousandth of the contemporary score), and very few before 
1500 Ce even reached 0.1 points. War- making capacity, like city 
size/social organization, is a function of energy capture, surging up-
ward with relatively small changes on the margin once energy cap-
ture reached 100,000 kcal/cap/day. the main contribution that mea-
suring war- making capacity makes to the social development index 
is to underline the vast gulf separating industrialized twentieth-  and 
twenty- first- century societies from all previous societies.

Western War- MaKinG CaPaCity

the twentieth- Century transformation

there are many assessments of modern Western military power. i 
rely mainly on the annual Military Balance volumes of the institute 
for international strategic studies, which provide data on national 
spending, force strengths, quality, and logistics.14

even before the post– september 11 buildup began, u.s. military 
power dwarfed all rivals, and in 2000 Ce it earned the West the full 
complement of 250 points. Plenty of other nations had more men 
and women under arms than the united states, and russia’s nuclear 
arsenal was roughly twice as large as the united states’,15 but amer-
ican advantages in every other dimension of war making hugely 
outweighed these imbalances. american troops were far better 
equipped and supplied than those of any other nation, and were bet-
ter trained and led than those of most nations. they were also vastly 
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more mobile, with america’s eleven carrier battle groups completely 
dominating the world’s oceans and the u.s. air force doing the 
same in the skies. u.s. nuclear warheads and launch vehicles were 
also more reliable and generally more powerful than their russian 
counterparts.

the greatest difficulty in quantifying war- making capacity comes 
as soon as we move back from 2000 to 1900 Ce. data on Western 
european armed forces in 1900 are good, and easily available, but 
calculating a score for the West 1900 relative to the West in 2000 is 
very difficult because the gap between the military systems is so 
enormous.16

armies were bigger in 2000 than in 1900, although not dramati-
cally so (the biggest standing army in 2000, China’s People’s libera-
tion army, had about 2.25 million active troops and 1.2 million re-
servists; the biggest in 1900, russia’s, had 1.16 million of all classes). 
in some respects the basic weapons were also similar—the British 
lee- enfield rifle, introduced in 1895, had an accurate range of about 
500 meters and a muzzle velocity of 733 meters/second (m/s), while 
the M16 rifle (introduced in the u.s. army in 1963 but still, in mod-
ified forms, the normal weapon in 2000) is accurate at 550– 800 me-
ters and has a muzzle velocity of 948 m/s. However, the similarities 
are dwarfed by the differences: the M16 can discharge 700– 950 
rounds per minute, while the lee- enfield normally managed 20– 30 
(the record, under test conditions, was 38 rounds/minute). an ordi-
nary M16 or Kalashnikov aK- 47 shoots faster than the best heavy 
machine guns of 1900 (the Maxim gun managed just 450– 600 
rounds/ minute).17 the first weapon vaguely equivalent to an M16 or 
aK- 47—the German MP18 submachine gun—was not introduced 
until 1918.

Military historians normally date the advent of modern artillery 
to the “french 75,” introduced in 1897. this was a 75 mm rifled can-
non with a long recoil mechanism, which meant that the gunners did 
not have to relay their weapon after each shot. the gun could fire at 
the astonishing rate of fifteen shells per minute, with a range of 7.5 
km. More complex modern artillery fires much more slowly, and the 
u.s. army’s newest howitzer—the 155 mm M777, introduced in 
2005—manages only 2– 5 rounds/min; however, the titanium gun is 
so light it can be airlifted, has a range of 24– 30 km, and, when used 
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with excalibur GPs ammunition, has a circular error probable at 24 
km of just 5 m (i.e., 50 percent of the shells will land within 5 m of 
the target). the revolution in guided weapons since the 1980s has 
made each modern cannon worth dozens of 1900- era guns, and ad-
vances in mechanization of transport, communications, and elec-
tronic warfare have been equally spectacular.18

on the seas, the greatest weapons in 1900 were new steel- armored 
steam- powered battleships (the word “battleship” was first used in 
1892), typically displacing 15,000– 17,000 tons, sailing at 30 km/h 
(16 knots), and carrying four 12 in. guns that could hurl a 400 kg 
shell nearly 23 km. after 1906 the dreadnoughts not only added 
heavier armor and six more 12 in. guns but also raised speeds to 21 
knots, and after 1911 navies shifted from coal to oil. each of these 
changes had revolutionary consequences; but even so, the disparity 
between any of these ships and contemporary american Nimitz- 
class nuclear- powered aircraft carriers (displacing 100,000 tons, with 
a top speed of 56 km/h [30 knots], able to go 20 years without refu-
eling and carrying 90 aircraft with a strike range of more than 700 
km) dwarf all the differences between successive types of early- 
twentieth- century warships.

the most astonishing part of the twentieth- century revolution 
in warfare has surely been what has happened in the skies. the first 
military use of a plane was in 1911, when italy used bombers and 
reconnaissance flights against turkey. the gulf between these early 
efforts and the most sophisticated military planes in 2000 (e.g.,  
the B- 2 stealth bomber, introduced in 1989, with a range of 11,000 
km and a cruising speed around 900 km/h, virtually undetectable, 
able to penetrate almost any antiaircraft defense and to deliver  
GPs guided munitions or more than 10 Mt of nuclear weapons) is 
breathtaking.

We can easily compare the amount of firepower, speed and range 
of maneuver, and countless other dimensions of the armed forces of 
each period. it is commonly suggested, for instance, that the power 
of artillery increased twentyfold between 1900 and 2000 and that of 
antitank fire sixtyfold between 1918 and 2000; but putting a con-
crete score on the full range of changes across the twentieth century 
is much more difficult.
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i have opted for a 50:1 ratio between Western war- making capac-
ity in 2000 Ce and what it had been in 1900. this produces a West-
ern war- making capacity in 1900 of just 5 points (as against 250 in 
2000). this score is, obviously, no more than a guesstimate. a 100:1 
ratio, producing a score for 1900 of 2.5 points, might be just as good 
a guess, although a 25:1 ratio, producing a score for 1900 of 10 
points, strikes me as unlikely.

this margin of error is much higher than what i suggest for the 
social development index as a whole (chapter 7), but the enormous 
gap between the Western war- making score for 2000 Ce and the 
scores for all earlier periods means that we can easily halve or double 
all pre- 2000 scores without making any discernable difference to the 

West east

4000 BCe 0 0
3000 BCe 0.01 0
2500 BCe 0.01 0
2250 BCe 0.01 0
2000 BCe 0.01 0
1750 BCe 0.02 0
1500 BCe 0.02 0.01
1400 BCe 0.03 0.01
1300 BCe 0.03 0.01
1200 BCe 0.04 0.02
1100 BCe 0.03 0.02
1000 BCe 0.03 0.03
900 BCe 0.04 0.03
800 BCe 0.05 0.02
700 BCe 0.07 0.02
600 BCe 0.07 0.03
500 BCe 0.08 0.04
400 BCe 0.09 0.05
300 BCe 0.09 0.06
200 BCe 0.10 0.07
100 BCe 0.11 0.08

West east

1 BCe/Ce 0.12 0.08
100 Ce 0.12 0.08
200 Ce 0.11 0.07
300 Ce 0.10 0.07
400 Ce 0.09 0.07
500 Ce 0.07 0.08
600 Ce 0.04 0.09
700 Ce 0.04 0.11
800 Ce 0.04 0.07
900 Ce 0.05 0.07
1000 Ce 0.06 0.08
1100 Ce 0.07 0.09
1200 Ce 0.08 0.09
1300 Ce 0.09 0.11
1400 Ce 0.11 0.12
1500 Ce 0.13 0.10
1600 Ce 0.18 0.12
1700 Ce 0.35 0.15
1800 Ce 0.50 0.12
1900 Ce 5.00 1.00
2000 Ce 250.00 12.50

table 5.1 
War-making capacity since 4000 BCe (in social development points)
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figure 5.1. eastern and Western war- making capacity, 3000 BCe– 2000 Ce, plotted on a 
linear- linear scale.

index. table 5.1, figure 5.1, and figure 5.2 show eastern and Western 
war- making scores since 4000 BCe using the numbers i have esti-
mated. figures 5.3 and 5.4 also show the scores if we reduce all pre- 
2000 Ce estimates by 50 percent.

using a logarithmic scale on the vertical axis makes the differ-
ences easier to see, and so figure 5.2 shows the scores i have calcu-
lated on log- linear axes and figure 5.4 represents the revised num-
bers (i.e., with reduced scores for all periods before 2000 Ce) in the 
same way. the revised figures of course make the boom in destruc-
tive power in the twentieth century twice as big as in my estimates, 
but other than increasing the modern/premodern contrast, the main 
consequence of halving the pre- 2000 Ce scores is to make the east- 
West differences between 100 BCe and 200 Ce too small to measure 
(as opposed to my estimates, representing the roman empire as 
having slightly greater war- making capacity than the Han empire). 
the conclusion must be that any reasonable estimate of the ratio of 
war- making capacity in 2000 Ce to that in 1900 Ce—whether we 
set it at 50:1, as i have done, at 100:1, or at just 25:1—makes little dif-
ference to the larger social development index.
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figure 5.2. eastern and Western war- making capacity, 3000 BCe– 2000 Ce, plotted on a log- 
linear scale.
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figure 5.3. eastern and Western war- making capacity, 3000 BCe– 2000 Ce, decreasing all 
scores before 2000 Ce by 50 percent.
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the european Military revolution, 1500– 1800 Ce

the leap in Western war- making capacity between 1800 and 1900 
Ce was nowhere near as great as that between 1900 and 2000, but it 
was nevertheless enormous. the ranges and accuracy of weapons, 
their speed of firing, the force of projectiles (magnified by the inven-
tion of explosive shells), the size of armies, the speed of transport, 
and the scale of logistics, often increased by an order of magnitude 
across the nineteenth century.19 However, our assessments of pure 
technical power must always be tempered by the ways people re-
sponded to such power. the military analyst stephen Biddle calcu-
lates that if one napoleonic infantry battalion of one thousand men 
charged another around 1800, the defenders would be able to fire 
roughly two shots per attacking soldier; but if the same battalions 
repeated the exercise a century later, more than two hundred bullets 
would be fired at each soldier. surprisingly, though, the proportion 
of armies killed in battles actually fell between 1815 and 1918, be-
cause tacticians adopted new fighting styles that minimized troops’ 
exposure to direct fire.20
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figure 5.4. eastern and Western war- making capacity, 3000 BCe– 2000 Ce, plotted on a log- 
linear scale and decreasing all scores before 2000 Ce by 50 percent.
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the french introduction of the levée en masse in the 1790s 
pushed army sizes up toward 500,000—about half the size of the 
biggest armies in 1900—but the principal weapon, the smooth bore 
musket, was far less effective than the rifles of 1900. even well- 
trained napoleonic infantry could get off only about four shots per 
minute. Muskets could shoot up to 400 m, but at ranges more than 
50– 75 m they were so inaccurate that individual fire was virtually 
useless; and even when fired at less than 75 m, only masses of volley-
ing men had much chance of hitting their target. in one eighteenth- 
century exercise, fewer than half the musketeers firing at a target 30 
m wide at a range of 60 m managed to hit it.21

smoothbore cannons, particularly twelve pounders that could 
fire four to six rounds per minute and were effective at ranges up to 
500 m, were starting to become the dominant arm on battlefields in 
1800,22 but they remained far less effective than the rifled cannons of 
1900; and flat- trajectory explosive shells did not become common 
until the 1850s.

the best warships in 1800, like HMs victory (launched in 1765), 
could manage 8– 9 knots (15– 17 km/h) with a good wind, but were 
much slower in bad weather. the victory carried 104 cannons, total-
ing roughly 1 ton of solid shot, with a range of up to about 2 km.23 
the disparity between this and pre- dreadnought battleships with 
their steel armor, steam engines, explosive shells, and torpedoes is 
again glaring.

once again reducing the complexity of military systems to a sin-
gle score is a highly subjective exercise, but i suggest a ratio between 
Western war- making capacity in 1900 and in 1800 of roughly 10:1, 
producing a score for 1800 of 0.5 points. this guess could be just as 
wide of the mark as my guess for 1900 (or as a napoleonic musket 
shot), and the true ratio could easily be 20:1. if i have overestimated 
war- making capacity relative to 2000 Ce for both 1800 and 1900, 
instead of scores of 250 points for 2000, 5 points for 1900, and 0.5 
points for 1800, we could conceivably get scores of 250 points for 
2000, 2.5 points for 1900, and 0.13 points for 1800, producing the 
results we see in figures 5.5 (linear- linear) and 5.6 (log- linear). But 
even the now greatly reduced pre- 1900 Ce scores make only a mi-
nuscule difference to the social development index as a whole be-
cause the absolute numbers involved are so tiny.
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since the pioneering work of Michael roberts and above all 
Geoffrey Parker, the period 1500– 1800 has come to be known as the 
“european military revolution,” characterized by enormous in-
creases in the size, efficiency, firepower, and reach of armies and na-
vies.24 Compared to the changes between 1800 and 1900, those dur-
ing the military revolution were actually quite small, but they 
nevertheless left the war- making capacity of medieval european so-
cieties far behind.

improvements in firearms and organizational changes within so-
cieties to exploit these improvements account for much of the mili-
tary revolution. Gunpowder weapons reached europe in the 1320s, 
but a hundred years passed before they began to be important on 
battlefields on land or sea.25 even in 1500, musketeers’ rate of fire 
was measured in minutes per round, not rounds per minute, and 
their guns were effective at only very short ranges. Particularly in 
england, some soldiers wondered whether longbows—which, in 
trained hands, could discharge ten arrows per minute and were ac-
curate up to 200 m—might not still be superior weapons, and on the 
steppes, where cavalry were much more important, bows did con-
tinue to dominate the battlefield well into the seventeenth century.

even early matchlock muskets could throw projectiles (lead 
musket balls) that were heavier than arrows, and therefore had 
greater penetrating power, but their main advantage was that they 
called for very little skill compared to what an archer needed to 
learn. Massed musketeers could, under the right circumstances, de-
feat bows and pikes, as they showed in the italian Wars at ravenna 
(1512), Marignano (1515), and Bicocca (1522). as early as 1490 ven-
ice decided to replace its crossbows with guns, and by the 1560s the 
english fondness for longbows was looking decidedly anachronis-
tic. By 1594 dutch armies had introduced line tactics and volleys, 
greatly increasing their effectiveness (albeit at the cost of requiring 
much more training and supervision), and in the 1630s Gustavus 
adolphus showed just how powerful the new approach could be.

flintlock firing mechanisms sharply increased the rate of fire 
during the seventeenth century, and in the eighteenth century socket 
bayonets allowed musketeers to double as pikemen. artillery ad-
vanced even faster. Cannons had already made medieval stone forti-
fications obsolete by the time of Charles viii’s invasion of italy in 
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1494, but by the mid- seventeenth century intricate earthworks had 
restored the defensive advantage.

organizational advances in the later eighteenth century—partic-
ularly the french invention of column attacks and divisional struc-
tures on land and British tactical innovations at sea—further im-
proved the performance of armed forces, but the biggest changes 
were organizational. france, the strongest West european state, 
could muster 40,000– 50,000 troops for war in 1500; 80,000 in 1600; 
400,000 in 1700; and 600,000 in napoleon’s invasion of russia in 
1812. fleets grew more slowly, with the British (the strongest), 
spanish, and russian all roughly doubling their numbers of ships of 
the line between 1700 and 1800, while the french fleet actually 
shrank after louis xiv’s plan to invade england collapsed in 1689. 
at the beginning of this period, ottoman turkish armies and fleets 
were the strongest in the West; by its end, the balance of military 
power had shifted decisively toward Western europe.

Converting this complicated mass of information into single 
scores for Western war- making capacity once again involves very 
subjective guesstimates, but despite their revolutionary nature, the 
changes between 1500 and 1800 were clearly much smaller than 
those between 1800 and 1900 (let alone those between 1900 and 
2000). i suggest that Western war- making capacity increased roughly 
50 percent during the sixteenth century, 100 percent during the sev-
enteenth, and another 50 percent in the eighteenth, for a total four-
fold increase during the whole period of the military revolution (as 
opposed to my estimates of a tenfold increase during the nineteenth 
century and a twentyfold increase during the twentieth). Working 
backward from the figure of 0.5 points suggested for 1800, these es-
timates produce rough figures of 0.35 points for 1700, 0.18 points 
for 1600, and 0.13 points for 1500 (figure 5.7).

from Caesar to suleiman, 1– 1500 Ce

Most general military histories agree that Western war- making ca-
pacity generally declined in the first half of this long period and then 
recovered in the second half.26 Consensus is not complete, and in a 
series of studies, Bernard Bachrach has argued that post- roman 
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Western european armies were larger, were more dominated by in-
fantry, were more able to wage long- distance campaigns, and were 
used more for sieges than for battles than other historians assume.27 
However, this is very much a minority view, and i follow the main-
stream opinion, that Western european military capacities began 
declining after 200 Ce, falling faster after 400, languishing between 
600 and 800, and then recovering slowly, with the recovery acceler-
ating after 1300.28 there is little sign of a post– Black death military 
slump in the fourteenth century to compare with those in energy 
capture and city size.

yet although there were important changes on the battlefield, 
such as the rise of heavy cavalry as bigger horses and stirrups be-
came available and the increasing effectiveness of mounted bowmen 
in Muslim armies, the tactical continuities between 500 Ce and 1300 
Ce (and indeed across the whole two millennia since 700 BCe, by 
which time iron weapons and cavalry were in general use) are even 
more striking.29 the basics—iron weapons, metal armor, combined 
infantry and cavalry tactics, archery, siege machinery, oar-  and wind- 
powered ships—changed rather little across this long period, and 
the real changes were logistical and organizational.
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in the 30s BCe the roman republic had roughly 250,000 men 
under arms, organized into devastatingly effective legions, sup-
ported by the most extraordinary logistical system in the premodern 
world. they were led (much of the time) by outstandingly profes-
sional junior officers and nCos, even if their senior officers—par-
ticularly under the republic—sometimes left much to be desired.30

after the crises of the third century Ce the army expanded, prob-
ably reaching around 500,000 men in the middle of the fourth cen-
tury.31 there is much debate about the quality of the late roman 
army, with some historians suggesting that the real issue was that the 
nature of the mission changed. there was a shift toward defense in 
depth rather than frontier defense, and consequent changes in organi-
zation, with a growing distinction between garrison and field armies, 
with the latter using smaller units and more cavalry than the early 
imperial army, and with all forces relying more on immigrant troops.32

yet while some older claims about the ineffectiveness of the gar-
rison troops may have been overstated,33 roman military capacity 
probably did decline seriously (though not catastrophically) be-
tween the time of the antonine Plague in the 160s Ce and the battle 
of adrianople in 378.

Between adrianople and Khusrau ii of Persia’s invasion of the 
Byzantine empire in 609 Ce, the size and fighting power of West-
ern armies fell much further, driven by a combination of declining 
population and crumbling administrative structures. By the seventh 
century armies had shrunk to a few tens of thousands of men, and 
the rapid arab conquest of the Persian empire and much of the 
Byzantine empire owed more to the collapse of imperial structures 
than to any great military strength on the caliphs’ side.34

throughout the Western Middle ages armed forces remained 
tiny, disorganized, and poorly supplied,35 rarely reaching one- tenth 
the size of imperial roman forces and never coming close to match-
ing roman effectiveness. Medieval european armies have been inten-
sively studied,36 but the less thoroughly researched Byzantine and 
particularly Muslim forces probably remained more powerful 
through most of the period circa 630– 1500, especially after armies of 
turkic mounted archers tens of thousands strong became common.37

Western european crusaders managed to take Jerusalem in 1099, 
and Byzantine armies regained some lost territory, but on the whole 
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the advantage lay with the turks in the tenth through fifteenth cen-
turies. in 1527 the turkish sultan suleiman the Magnificent claimed 
to be able to muster 75,000 cavalry (mostly archers) and 28,000 in-
fantry with guns, plus field artillery. despite his failure to take vi-
enna in 1529, turkish armies remained the most powerful in the 
West throughout the sixteenth century, and arguably some way into 
the seventeenth. similarly, despite its famous defeat at lepanto in 
1571, the turkish fleet remained a serious rival for Christian forces 
in the Mediterranean until well after 1600.38

reducing all this history to scores for war- making capacity again 
involves abstracting from the specific missions each armed force 
faced, but some basic conclusions seem reasonable. the biggest 
Western armies in 1500 Ce were still much smaller than those avail-
able in late republican or early imperial rome, and did not begin to 
match the romans’ technical sophistication; but the growing power 
of firearms (especially against fortifications, and especially in combi-
nation with large field armies of light cavalry, such as those of otto-
man turkey) makes me suspect that the military power available to 
suleiman had finally regained the level of that available to Caesar.

if the war- making score for the West in 1500 was 0.13 points, a 
score of 0.12 points seems reasonable to me for the year 1 Ce. if the 
consensus is correct that roman military capacity remained high 
until the fourth century then declined sharply, we might estimate 
scores of 0.1 points in 300 Ce, tumbling to just 0.04 in 600, on the 
eve of the arab conquests, reviving to 0.08 by 1200, and then climb-
ing more quickly to 0.13 in 1500 (figure 5.8). (Historians who feel 
that the roman score should be a little higher [say, 0.13 or 0.14 
points] or a little lower [scores anywhere between 0.10 and 0.14 
points seem perfectly plausible] should adjust the scores for 300– 
1200 Ce accordingly.)

these numbers seem to me to be consistent with the qualitative 
assessments in the historical literature. they also, however, involve 
all kinds of abstractions and subjective judgments, which rival ob-
servers might choose not to accept. that said, figure 5.9 shows what 
is perhaps the most important point: all premodern scores for war- 
making capacity, including those for Caesar’s and suleiman’s times, 
are so tiny when seen from the perspective of 2000 Ce that no con-
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ceivable adjustment would make much difference to the social de-
velopment index. and this is not just an artifact of the extraordinary 
level of military power in our own times; figure 5.10 shows that even 
judged from the standpoint of 1900 Ce, the changes in Western mil-
itary power between the first and eighth centuries Ce are still too 
small to see. only when we look back from the perspective of 1800 
Ce (figure 5.11) can we see serious differences in the earlier scores. 
even if we were to double the scores for 600– 800 Ce, or to decide 
that roman war- making capacity was surpassed only in 1600 rather 
than 1500 Ce, it would make little difference.

early Warfare, 3000– 1 BCe

the last three millennia BCe, taking us from the age of narmer, the 
first egyptian pharaoh, to that of augustus, the first roman em-
peror, saw a huge relative increase in war- making capacity.39 among 
the main battlefield advances in this long period we might list the 
replacement of stone by bronze weapons across the third millen-
nium BCe, the rise of heavy infantry by 2500, the spread of horse- 
drawn chariots around 1600, the replacement of simple (self) by 
composite (reflex) bows probably around the same time, the re-
placement of bronze by iron weapons after 1100, the introduction 
of cavalry after about 900, the spread of the trireme after 700, the 
rise of phalanx tactics by 600 and their successive improvements, the 
introduction of torsion catapults and bigger ships (quadriremes, 
quinqueremes) after 400, the improvement of fortifications around 
300, and the development of more flexible infantry tactics by 200.

We can compile a similar list of advances for organization. the 
first evidence for proper battlefield formations appears around 2500 
BCe, the first known standing army around 2350, the establishment 
of professional charioteers around 1500, the rise of tax- based stand-
ing armies after 750 and of full- time fleets after 500, and roman in-
novations in recruitment after 400 BCe. force sizes show a similar 
upward path, from the 5,400 men that sargon of akkad boasted 
about circa 2350 BCe, through the roughly 30,000 infantry and 
5,000 chariots that fought on each side at the battle of Kadesh in 
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1274 and the 100,000 men who marched with shalmaneser iii of as-
syria in 845, to the hundreds of thousands (the precise numbers are 
debated) raised by Persia to invade Greece in 480 and by rome and 
Carthage to man their fleets in the 260s to 240s BCe.

figure 5.12 shows three ways of representing war- making capac-
ity in the period 3000– 1 BCe numerically. By scoring pre- 3000 BCe 
war making at zero i am not signaling support for the once- 
fashionable view that prestate societies were peaceful places; that 
theory has been decisively refuted.40 the zero score is a purely tech-
nical issue, reflecting the fact that too little destructive force was 
available to communities making war to register on the social devel-
opment index.

We could certainly start from other assumptions, for instance, 
setting scores at zero until the first standing army we hear of in 
twenty- fourth- century BCe Mesopotamia. there is no obvious 
reason to favor one of these assumptions over the others. i start with 
0.01 points in 3000 BCe simply because it is a conveniently round 
number, but no other plausible assumption would make any dis-
cernible difference to the social development index.
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the top line in figure 5.12 shows war- making capacity rising by 
simple arithmetic increments from 3000 to 1 BCe, the middle line 
shows war- making capacity rising by geometric steps (i.e., at a 
steady rate of increase of 8.65 percent per century), and the bottom 
line shows my estimates for the rate of change. (the arithmetic and 
geometric curves do not rise smoothly from 0.01 points in 3000 
BCe to the 0.12 points calculated for 1 BCe; because the numbers 
involved are so tiny and the minimum step is 0.01 points, the lines 
inevitably move up in jerks.)

arithmetic growth clearly does not correspond to reality. it 
would mean that by 2200 BCe the armies of sharkalisharri of akkad 
and Pepy ii of egypt (which had mostly bronze weapons but still 
included some stone- armed warriors, lacked armored infantry al-
most completely, fielded no chariots or cavalry, and had only very 
rudimentary fortifications),41 scoring 0.04 points, were already as 
powerful as those of the umayyad and abbasid caliphates (which 
had iron weapons, reflex bows, cavalry and camel corps, and sophis-
ticated qasrs).42 it would also mean that by 1300 BCe the army of 
ramses ii was as strong (0.08 points) as that of Justinian in the sixth 
century Ce. neither of these conclusions is remotely plausible.

the geometric curve seems more believable, although it surely 
oversimplifies reality by glossing over the collapse of 1200– 1000 
BCe. the collapse of 2200– 2000 BCe also had a serious impact on 
war- making capacity, but the scores are again so small in that period 
(just 0.01 points) that the decline cannot be registered on the graph 
unless we assume that in 2100 BCe Mesopotamian and egyptian 
war making had reverted to prestate, prebronze levels, which does 
not seem likely.

My estimated growth rates diverge from the geometric simplifi-
cation in positing a slower takeoff in the third millennium BCe, a 
decline (from 0.04 to 0.03 points) in the 1200– 1000 BCe “dark age,” 
followed by a faster increase in the early first millennium BCe. (the 
scores for 400 and 300 BCe on both the geometric and estimated 
curves are identical [at 0.07 points] not because there were no mili-
tary developments—this century took war making from the hop-
lites and triremes of the Peloponnesian War to the combined- arms 
tactics and quinqueremes of alexander and Carthage—but because 
of the rounding of very small numbers; the scores in 400 BCe are 
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just big enough to round up to 0.07, while those in 300 BCe are not 
quite big enough to round up to 0.08.)

the geometric and estimated curves both imply that war- making 
capacity in the thirteenth century BCe, when the kings of the inter-
national age seemed well on the way to turning the east Mediterra-
nean into a single large empire, was at roughly the same level (0.04 
points) that it would fall back to in the seventh century Ce, when 
the Byzantine and sassanian Persian empires disintegrated and the 
arab conquerors took over their former territories. the estimated 
curve also implies that ancient war making regained the thirteenth- 
century BCe level around 900 BCe, when assyrian kings such as 
adad- nirari ii were also building up large empires. in Why the West 
Rules—For Now, i argue that these are all plausible conclusions.43 
finally, my estimates also suggest that roman war- making capacity 
between 200 BCe and 200 Ce compared closely with that in the 
West between 1300 and 1500 Ce—a suggestion that late medieval 
europeans probably would have found believable.

figure 5.13 shows my estimates for war- making capacity in the 
past three millennia BCe.
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eastern War- MaKinG CaPaCity

the east- West Military Balance in 2000 Ce

the greatest military power in the east in 2000 Ce was the People’s 
republic of China, but while it is easy enough to obtain approxi-
mate figures for its military strength,44 it is much more difficult to 
decide how many social development points to award eastern war- 
making capacity in 2000 Ce relative to the West’s 250 points.

in 2000 the united states outspent China more than 20:1 at mar-
ket exchange rates and more than 9:1 at purchasing power parity 
rates, and outnumbered it more than 25:1 in nuclear warheads, more 
than 10:1 in intercontinental ballistic missiles, 14:1 in nuclear- armed 
submarines, and 11:0 in aircraft carrier battle groups. in numbers of 
main battle tanks the two armies were roughly equal, but the quality 
of america’s tanks was far higher than that of China’s, and in every 
other arm—from trucks to helicopters—the united states had over-
whelming superiority. in general technological capacity, the u.s. 
lead was even greater. Western military dominance was certainly not 
total, and analysts regularly expressed doubts as to whether ameri-
can naval forces would dare to confront directly the masses of Chi-
nese submarines and antiship missiles based in the taiwan strait; but 
China had little ability to project military power beyond its imme-
diate surroundings, while the united states bestrode the rest of the 
world like a colossus.

in 2000 Ce Western war- making capacity was clearly very much 
higher than the east’s,45 but just how much higher? i know of very 
few attempts to boil it down to a single score. the best- known nu-
merical comparison is probably the Composite index of national 
Capability (CinC), a scoring system widely used in international 
relations, which aims to describe what percentage of the world’s 
hard power belongs to each nation.46 its scores go back to 1816, but 
can be used only to make synchronic comparisons between nations 
rather than to measure diachronic change in capacity.

the national capability that the CinC measures, however, is 
much broader than the war- making capacity i am examining here. 
the index gives each country a score based on its population size, 
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urbanization, iron and steel production, energy consumption, mili-
tary expenditure, and total military personnel. By 2000, according 
to the CinC, China (16 percent) had already overtaken the united 
states (14 percent), despite the massive military imbalance between 
the two powers.47

the war game designer James dunnigan took a very different ap-
proach in his book How to Make War, assigning “combat power” 
scores to different nations. He gave separate scores for land and sea 
power, ranking the united states first in both categories. on land 
the united states scored 2,488 points, and China, which placed sec-
ond, scored 827 points. on sea the united states scored 302 points, 
and China, which ranked fifth, scored 16 points (Britain ranked sec-
ond, with 46 points; russia third, with 45 points; and Japan fourth, 
with 26 points).48

if we follow the technique i use in the social development index 
of focusing only on the most developed region in east and West, 
dunnigan’s figures would give a West:east ratio for war- making ca-
pacity in 2000 Ce of roughly 3:1 on land and 19:1 at sea. if we add 
together the land and sea scores we get 2,790 points for the united 
states and 843 points for China (a ratio of 3.3:1). if instead we weight 
land and sea power equally, converting the u.s. score in each cate-
gory to 125 points to add up to the same 250- point system that i use 
here, China scores 48.17 points (41.55 on land, 6.62 at sea), produc-
ing a West:east ratio of a little over 5:1.

dunnigan does not explain how he arrived at his scores, but a 
West:east war- making capacity ratio in the 3:1 to 5:1 range involves 
assuming diminishing returns to investment, given that the united 
states outspent China by somewhere between 9:1 and 21:1 in 2000 
Ce. it also weights mass over sophistication, given that u.s. domi-
nance is much greater in complex, technology- intensive weapons 
such as iCBMs, antimissile systems, stealth bombers, precision- 
guided munitions, and aircraft carriers than in simple weapons such 
as assault rifles and grenades. How much of a lead the united states 
retains in electronic warfare remains to be seen, although the success 
of the stuxnet and flame cyberattacks in 2010 and 2012, respec-
tively, suggests that america’s advantage may be considerable.49

the difficulties the united states and its allies have had in defeat-
ing low- tech enemies in iraq and afghanistan suggest that dunni-
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gan’s assumptions have merits, but there is also some evidence that 
these difficulties owe at least as much to strategic and doctrinal mis-
steps as to inherent limitations on Western war- making capacity.50 
other military analysts suggest that there are in fact increasing re-
turns to investment,51 and that the revolution in Military affairs, 
driven by improved information processing and accuracy of deliv-
ery systems, has already transformed war making as dramatically as 
(and much faster than) the early- modern european “military revo-
lution.” the extraordinary one- sidedness of the battles against iraqi 
conventional forces in 1991 and 2003 suggests that this perspective 
also has merits.52 the revolution in Military affairs seems to have 
transformed the ways conventional interstate wars are fought, dra-
matically increasing the West’s lead in war- making capacity over the 
rest of the world, but it has had much less impact on occupying and 
pacifying defeated nations.53

i suggest a West:east war- making capacity ratio for 2000 Ce of 
roughly 20:1, much higher than dunnigan’s range of 3:1 to 5:1. this 
would be by far the highest West:east war- making ratio in history, 
dwarfing even those of the nineteenth and twentieth centuries, but 
the vast technological gap that separated eastern and Western mili-
tary forces in 2000 Ce seems to me to justify it.

if my estimate is reasonably accurate, eastern war- making capac-
ity in 2000 earned just 12.5 points on the index of social development, 
as compared to the West’s 250 points. if dunnigan’s estimates are 
better, in 2000 the east earned somewhere between 48.17 (the “low 
estimate” in figure 5.14) and 75.54 points (the “high estimate”).

the east’s Modern Military revolution, 1850– 2000 Ce

the arrival of modern Western war- making systems in the Pacific in 
the mid- nineteenth century was the most profound rupture in east-
ern military history. Chinese armies had been using firearms longer 
than Western, but had failed to keep pace with Western advances in 
gunpowder weapons since the fifteenth century. Japan, by contrast, 
adopted firearms relatively late, but became a center of innovation 
in the sixteenth century. However, the unification of Japan and the 
abandonment of Hideyoshi’s expansionist programs meant that Jap-
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anese armies did little serious fighting between the early seventeenth 
century and the early nineteenth century, and Japanese firearms 
stagnated across this long period.54

China and Japan began emulating Western military practices after 
the arrival of naval expeditions on their shores in 1840 and 1853, re-
spectively, but Japan adapted to the new challenges far more suc-
cessfully.55 the government introduced european- style conscrip-
tion in 1873, reduced the samurai to impotence later in the decade, 
and then built up its army first on french and then on German lines 
and its navy on British lines. in 1880 it still lagged very far behind 
the Western powers, with just 71,000 men under arms (just one- 
sixth as many as Germany) and a naval tonnage of just 15,000 (one- 
fortieth as much as Britain), but by 1900 it had leapt ahead to 234,000 
soldiers (almost half as many as Germany) and 187,000 tons (almost 
one- fifth as much as Britain).56

the quality of Japanese armed forces also improved sharply.57 in 
1894– 95 they showed mastery of Western military thought, disci-
pline, and organization (as well as hardware) in crushing Chinese 
forces; in 1900, Japanese troops played the main part in relieving the 
diplomatic quarter in Beijing during the Boxer rebellion; in 1902, 
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Britain concluded that a naval alliance with Japan was the best way 
to preserve its voice in Pacific affairs; and in 1904– 5 Japan won a 
shattering victory over russia (even if the war almost drove the 
country into bankruptcy). Japanese war- making capacity remained 
much lower than that of any of the major european powers, but it 
had become a regional power, and probably the only non- Western 
power in the world that could stand up to european violence.58

Japan’s spectacular successes in 1914– 15 and 1941– 42 were won 
while the Western powers were heavily distracted in europe. Japan 
got most of what it wanted in the treaty of versailles (although its 
demand that the text include a clause insisting on racial equality was 
defeated), but when it did have to face serious resistance from the 
united states in 1942– 45 (even though the united states made the 
Pacific a secondary front) the continuing gap between eastern and 
Western war- making capacity was made painfully clear.59

Japan largely demilitarized in 1945 (although by the end of the 
twentieth century its navy was once again a significant regional 
force), but with the end of its civil wars in 1949 China revived as an 
east asian power. it intervened to great effect (albeit at horrific cost) 
in Korea in 1950, won a small border conflict with india in 1962, and 
tested its first atomic bomb in 1964. training and professionalism in 
the People’s liberation army (Pla) suffered greatly in the 1960s 
during the Cultural revolution, however, and while its forces on the 
northern frontier did manage to hold their own in skirmishes with 
the soviet union in 1969 (despite losing roughly eight hundred dead 
to the soviets’ one hundred), in the 1970s serious shortcomings in 
organization, doctrine, and equipment became clear. the Pla per-
formed poorly in a limited war with vietnam in 1979,60 and deng 
xiaoping launched a military modernization program in the same 
year. Military budgets began growing significantly in the 1990s, 
quadrupling during that decade and again in the following one, with 
particular emphasis on strengthening the navy and developing 
asymmetric responses to the potentially overwhelming advantages 
of the american alliance.61 By the 2020s Chinese military spending 
may catch up with that of the united states, but as of 2012, the east- 
West military gulf remains enormous.

eastern war- making capacity trailed the West’s throughout the 
twentieth century. Japanese forces won notable victories over West-
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ern troops in the early 1940s and sino- Korean and vietnamese 
armies also got the better of europeans and americans in the 1950s 
and 1960s, but in each case the eastern powers were able to exploit 
the fact that from a Western perspective these conflicts were second-
ary theaters within larger struggles for the domination of europe, 
first against nazi Germany and then against the soviet union.62 the 
east- West gap in war- making capacity narrowed between 1900 and 
1940 but remained large, and then grew much wider still across the 
next sixty years.

Putting a single value on the east- West military ratio in 1900 is 
less difficult than in 2000. as noted above, in 1900 the German army 
outnumbered Japan’s by more than 2:1 and the British navy out-
numbered Japan’s nearly 6:1, and in both cases the european forces 
also had major qualitative strengths. i estimate that the West:east 
ratio in 1900 was roughly 5:1, which, with Western war- making ca-
pacity pegged at 5.0 points, would mean that the east scored 1.0 
point in 1900. further implications of this would be that eastern 
war- making capacity grew 12.5- fold during the twentieth century, 
while Western capacity grew fiftyfold, and that eastern military 
power in 2000 was 2.5 times greater than the West’s had been in 
1900. if, however, we adopt dunnigan’s estimates, which imply that 
eastern military capacity scored between 48.17 and 75.54 points in 
2000, we would have to accept a correspondingly greater increase 
(fifty-  to seventy- five- fold) in eastern war- making across the twen-
tieth century, which seems excessive.

eastern War- Making Capacity in  
the Gunpowder era, 1500– 1850 Ce

thanks to a string of recent studies, the broad shape of war- making 
capacity in the east across China’s two- thousand- year imperial his-
tory is reasonably clear.63 once again the main challenge is deciding 
on the precise scores to assign, but in the east the numbers involved 
(and hence the margins of plausible error) are for most of the period 
even smaller than those in the West.

directly comparing eastern and Western war- making capacity 
before 1900 Ce is a very rough- and- ready business. the West was 
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clearly much stronger by 1800, and probably already somewhat 
stronger by 1500, at the start of the Western military revolution. the 
Ming dynasty could muster large armies when it saw fit (particu-
larly for the steppe campaigns of the first half of the fifteenth cen-
tury), but failed to exploit gunpowder technology as effectively as 
europeans.

Western guns were already recognized as superior to eastern in 
the sixteenth century. the Ming government may have had access to 
a few Western cannons as early as the 1520s, but if so, they remained 
curiosities until the 1540s. By then Japanese armorers were produc-
ing very effective copies, although these too remained rather scarce. 
even the celebrated Qi’s army that turned the tide in the mid- 
sixteenth- century pirate wars featured very few musketeers com-
pared to contemporary european armies.64 their guns were often 
amateurishly made and tended to explode, which discouraged gun-
ners from getting close enough to their weapons to aim them prop-
erly.65 Qi’s army never numbered above ten thousand troops, and 
had more impact on naval warfare than on the vast Ming army. Qi’s 
new naval arrangements were desperately needed; the Ming navy 
had declined spectacularly since the early fifteenth century,66 and 
much desperate scrambling was required to create the force that co-
operated with Korean ships to hold off Japan in the 1590s. the 
same was true of the land forces. the garrison of Beijing, for in-
stance, shifted from clay cannonballs to lead only in 1564, moving 
on to iron (like the europeans) in 1568, and only in the 1570s did 
Qi Jiguang introduce light cannons on carts protected by wicker 
barriers, like those the Hungarians had used against the ottomans at 
varna in 1444.67

Ming war- making capacity was certainly much weaker than that 
of the Habsburg empire (let alone the ottoman empire) in the six-
teenth century, and in some ways weaker than that of the tiny dutch 
republic too. i suggest a score of 0.12 for the east in 1600 Ce (as 
compared to 0.18 for the West), at the time of Hideyoshi’s wars in 
Korea, when Japanese military capacity equaled China’s,68 and just 
0.1 in 1500 (as compared to 0.13 for the West). this would mean that 
Chinese war making rose to match the peak roman levels only 
around 1600, even though firearms had by then been in use for three 
or four centuries.
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Chinese war- making capacity rose across the seventeenth cen-
tury, and by 1696 Kangxi could take 235 heavy cannon (weighing 
4– 5 tons each) and 104 light cannon (weighing 40– 400 kg) on his 
campaign against the zunghar nomads.69 But european war- making 
capacity had increased much faster. i estimate that european capac-
ity roughly doubled between 1600 and 1700, from 0.18 to 0.35 points; 
i would suggest that eastern capacity increased by only 25 percent, 
from 0.12 to 0.15 points (meaning that Kangxi’s military power was 
midway between that of the roman emperor augustus [0.12 points] 
and that of the Habsburg emperor Philip ii [0.18 points]).

Between 1750 and 1800 Chinese and Japanese military capacities 
both decayed sharply.70 the Qing dynasty commanded about 
850,000 soldiers in 1800, a quarter of a million of whom were sup-
posedly elite Manchu bannermen.71 against that large number, 
though, we must set the fact that the quality, organization, and lo-
gistics of these forces had all collapsed since Kangxi’s day. emperor 
Qianlong took the honorific title the old Man of the ten Complete 
Military victories in 1792, but in reality his forces suffered serious 
reverses in Burma, vietnam, and nepal.

By the time lord robert Jocelyn (quoted at the beginning of this 
chapter) saw Chinese armies and flotillas in action, in 1840, the gap 
between Western and eastern weapons and organization was enor-
mous.72 in a famous comparison, the British officer armine Moun-
tain suggested that the Chinese forces looked like illustrations to 
froissart’s fourteenth- century chronicle of the anglo- french Hun-
dred years’ War, “exactly as if the subjects of his old prints had as-
sumed life and substance and colour, and were moving and acting 
before me unconscious of the march of the world through centuries, 
and of all modern usage, invention, or improvement.”73

i estimated that Western war- making capacity increased from 
0.10 points in 1300 Ce to 0.11 in 1400; if that estimate is reliable, and 
if armine’s judgment was reliable too, that would mean that be-
tween 1700 and 1840 eastern war making declined from 0.15 to 
about 0.11 points. i suspect that armine overstated the case by only 
a small amount, and that between 1700 and 1800, while european 
war- making capacity grew by almost 50 percent, from 0.35 to 0.5 
points, Chinese capacity fell by 25 percent, from 0.15 points to just 
0.12 points (and Japanese military effectiveness fell still lower).
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this would mean that Qing armies in 1800 were no more effec-
tive than the Ming forces that had faced Hideyoshi shortly before 
1600, but were at least somewhat more effective than the knights 
and archers who clashed at Crecy, Poitiers, and agincourt. it would 
also mean that eastern war- making capacity increased tenfold across 
the nineteenth century to produce the Japanese score in 1900 of 1.0 
points (figure 5.15).

imperial China and the nomad anomaly, 200 BCe– 1500 Ce

for much of China’s two- thousand- year imperial history its war- 
making capacity was greater than that of any rival in the east (or 
even the world), but there were exceptions. the most interesting re-
late to what in Why the West Rules—For Now i called “the nomad 
anomaly.”74

on the whole, scores on the four traits i use to measure social 
development show considerable redundancy, but there are unusual 
social formations that buck that trend. steppe nomads are the most 

0 

2 

4 

5 

3 

1500 1600 1700 1800 1900

1 

6 
w

ar
-m

ak
in

g 
ca

pa
ci

ty
 (i

n 
so

ci
al

 d
ev

el
op

m
en

t p
oi

nt
s)

date CE

east

west

figure 5.15. eastern and Western war- making capacity in the age of military revolution, 
1500– 1900 Ce.



206 × CHaPter 5

important: these groups generally scored very poorly on organiza-
tion and information technology and fairly poorly on energy cap-
ture, but before the age of gunpowder only the most efficient agrar-
ian empires could get the better of them on the battlefield.

in the east, agrarian empires clearly reached this level of effi-
ciency between about 100 BCe and 100 Ce, when Han armies regu-
larly defeated the xiongnu, and again in the seventh century Ce, 
when tang armies achieved even greater dominance over the turks. 
it was only after 1700, however, with drastic improvements in gun-
powder weapons, that Qing armies really mastered the steppes.75 
Before and between these periods of Chinese domination—around 
200 BCe, 200– 500 Ce, and 800– 1500 Ce—steppe nomads could 
muster more military power than any agrarian state.76

throughout this long period, the strongest steppe societies prob-
ably scored around 0.1 points (± 25– 50 percent, i would guess) for 
war making on the social development index. the lowest scores 
(perhaps around 0.06 or 0.07 points) were in the first two centuries 
Ce, when the roman, Parthian, and Han empires successfully dis-
rupted the rise of major new pastoral empires anywhere on the 
steppes, and the highest (perhaps around 1.3 points, roughly twice 
as high as the xiongnu) in the age of Genghis Khan.

this would imply that Genghis Khan’s Mongol hordes could 
have overrun the roman empire and would have been a match even 
for the ottomans around 1500. there is of course no way to know if 
this is true, but tamerlane did humble the ottomans in 1402 and 
considered his own Mongol hordes strong enough to overthrow the 
Ming in 1405. another Mongol army did capture the Ming emperor 
on 1450 and could probably have sacked Beijing had it chosen to do 
so. for what it is worth, the assumptions behind the GMt “Great 
Battles of History” game system also give Genghis Khan’s armies 
the tactical edge over Julius Caesar’s.77

famously, however, nomad rulers struggled when they tried to 
convert their war- making capacity into political power. only those 
who came from “seminomad” backgrounds, such as the xianbei in 
the sixth century Ce, the Jurchens in the twelfth, and the Manchus 
in the seventeenth, succeeded, establishing themselves as ruling dy-
nasties (the sui- tang, Jin, and Qing, respectively). fully nomadic 
conquerors, such as the Mongols in the thirteenth and fourteenth 
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centuries Ce, seem to have found it too difficult to make the cul-
tural adjustments necessary for ruling an agrarian empire. Conse-
quently, i have assigned scores for Chinese rather than nomadic 
war- making capacity throughout the period 200 BCe– 1800 Ce.

the broad shape of eastern military history across this period is 
reasonably clear, although assigning precise scores is again a subjec-
tive matter. i will begin in the fifteenth century Ce and work back 
to 200 BCe.

in 1400 Ce, on the eve of zheng He’s voyages and yongle’s inva-
sions of the steppes, Ming military power was enormous. on paper, 
the emperors commanded a coastal fleet of 3,500 ships (1,750 war-
ships, 1,350 patrol boats, and 400 armed transports) and an army of 
1.2 million troops.78 in reality, these forces were considerably 
smaller, but the biggest steppe invasion in 1414 did involve about 
half a million men.79 Ming war- making capacity was certainly greater 
than of the contemporary ottomans (to whom i assigned 0.11 
points), but probably less than that of the Mongols at the height of 
their strength in the mid- thirteenth century; i therefore estimate an 
eastern score in 1400 of 0.12 points.

By 1300, after their conquest of China, Mongol military power 
had probably declined somewhat from its peak in the mid- thirteenth 
century, but remained formidable by premodern standards. the 
Mongol yuan dynasty even revived China’s fleets after they had 
fallen into disrepair in the mid- thirteenth century,80 and reportedly 
sent 4,500 ships with 150,000 soldiers against Japan in 1274.81 i sug-
gest a score of 0.11 points, slightly lower than the early Ming dy-
nasty peak, but this can only be a guess; estimates of 0.1 or 0.12 
points would be just as plausible.

the song dynasty, despite its famously antimilitary credentials, 
rapidly developed its armies in the late tenth century, reportedly 
commanding 650,000 men at taizong’s death in 997 and nearly a 
million at zhengtong’s in 1022.82 Wang anshi’s reforms, brought on 
by the eleventh- century fiscal crises, shifted the balance away from 
salaried professionals toward militias and reduced overall strengths, 
but the army remained strong. it mustered 320,000 troops and a 
similar number of porters in 1081,83 supported by enormous cen-
tralized armories, and even in the 1120s and 1130s the dynasty could 
still field forces of 100,000– 200,000.84
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southern song rulers greatly strengthened their fleets for the 
twelfth- century wars with the Jurchens, introducing much bigger 
ships, including paddleboats that could overcome winds and tides, 
and new weapons, such as flaming arrows, rockets, and flamethrow-
ers. twelfth- century paddleboats could be 60– 90 m long, with eight 
wheels and crews of 700– 800. By the 1130s the biggest were more 
than 100 m long, and by 1200 some were armored with iron plates.85

song military capacity between 1000 and 1200 was clearly much 
greater than anything in the fragmented West, where the Byzantine 
empire had probably the strongest forces in 1000 and the seljuk 
turks in 1100 and 1200. i assigned 0.06 points to the Byzantines in 
1000 and 0.07 and 0.08 to the seljuks in 1100 and 1200. i tentatively 
suggest scoring eastern capacity at 0.08 in 1000 and 0.09 in 1100– 
1200. that would mean that even at its height, song war- making 
capacity did not equal imperial rome’s.

under the tang dynasty, however, war- making capacity came 
much closer rome’s. the sources for the early eighth century suggest 
that the tang had about half a million men under arms, in a highly 
centralized system with good discipline and long- service profes-
sional troops.86

tang military power rested on the fusion of steppe heavy cavalry 
with mass infantry developed by the states of northern Wei and 
northern zhou and the successor sui dynasty in the sixth century.87 
this began with the xianbei conquest of much of northern China in 
the early fifth century and accelerated with emperor xiaowen’s re-
forms in the late fifth century, but even in the 530s, 100,000 men still 
counted as a huge army.88

only in the late sixth century did the consolidation of northern 
China’s states generate vastly greater military power. in 589 the sui 
emperor Wendi could muster 518,000 troops in the yangzi valley 
for his conquest of southern China, supported by five- decker ships 
carrying up to 800 men and equipped with spiked booms for fixing 
and boarding enemy vessels (which sound strikingly like rome’s 
corvus- bearing quinqueremes developed in the late 260s BCe).

the tang navy shrank steadily after the huge fleets built by the 
sui for the unification of China in 589 and the disastrous wars 
against Koguryo in 612– 14. that, however, was largely because 
there was no credible threat to the empire from the sea, and (at least 
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until 755) China’s internal peace required no major armed presence 
on its rivers. on the rare occasions that ships were needed, as when 
war broke out again with Korea in the 660s, the strong tang state 
was able to build or requisition hundreds at short notice, and could 
mount large campaigns.89

the civil wars that followed an lushan’s revolt in 755– 63 hugely 
weakened the tang empire. in november 763 a tibetan force was 
able to sack Chang’an, and for the next two centuries Chinese mili-
tary energy was absorbed in recurring civil wars and partially suc-
cessful efforts to fend off tibetan raids. When central authority col-
lapsed, provinces maintained their own armies, but not even the 
biggest (e.g., Pinglu) rose above 100,000 men. What troops there 
were tended to be poorly equipped, supplied, and led.90

Before the early fifth- century xianbei unification of northern 
China, armies had been relatively large, but were much less power-
ful than those of tang times. in 279 Ce, for instance, the state of Jin 
mustered 200,000 troops and supporting fleets to invade southern 
China down the yangzi valley. the campaign was strikingly like the 
one in which sui Wendi accomplished the same goal in the same re-
gion in 589, but the forces involved were only 40 percent of the size 
of Wendi’s, and organizationally had more in common with the 
campaigns of the Han dynasty than with those of the sui.

across the next two hundred years cavalry armies came to domi-
nate China. Grave goods, figurines, and tomb reliefs provide plenty 
of information about weapons, showing that stirrups came into 
common use for cavalry in the fourth century. Combined with evi-
dence from grave goods for increasing use of shock weapons and the 
spread of horse armor, this suggests that tactics went through major 
changes.91

While there were clearly significant developments in war- making 
capacity between 200 and 600 Ce, it is not easy to assign scores to 
this Period of disunion. eastern military forces never sank to any-
thing like the level of weakness found in the West in the seventh 
through ninth centuries, and state infrastructures survived. even in 
the fourth century armies of 50,000– 100,000 men remained com-
mon, and although siege trains virtually disappeared from northern 
Chinese armies, southern China’s fortifications remained strong.92 
Military capacity rose faster after 400 Ce than before; working 
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backward from the score of 0.09 points i assigned to the sui forces in 
600, i therefore propose scores of 0.08 points in 500 and 0.07 points 
for the whole period 200– 400.

this flat score masks important changes, but unless we push the 
score for 600 higher, we are forced either to assume (as i do) that the 
changes between 200 and 400 were not large enough to register on 
the index or else to propose that the score fell below 0.07 points at 
some moment after 200 Ce then climbed quickly. a score of 0.06 
points would be equivalent to that for the West in the early sixth 
century Ce or around 1000 Ce, but my impression from the litera-
ture i have consulted is that eastern war- making capacity remained 
above those levels throughout the Period of disunion.93

War- making capacity under the Western Han dynasty (206 
BCe– 9 Ce) was higher still. the great wars of the third century 
BCe had generated mass infantry armies that regularly ran into the 
hundreds of thousands on each side, using sophisticated siege craft 
and logistics and developing a body of profound military theory.94

in 200 BCe navies were weak because control of the seas and riv-
ers was rarely decisive; so too were cavalry forces, and many troops 
still used bronze rather than iron weapons. over the next two cen-
turies, however, iron arms steadily replaced bronze, and cavalry 
grew in importance as the main arena for conflict shifted from wars 
between Chinese armies to wars against xiongnu nomads.

the size of Western Han armies fluctuated, declining after 200 
BCe as emperors disarmed their client kings but spiking up again 
for great wars, such as the army of 140,000 infantry and 70,000  
cavalry that Wudi sent against the xiongnu in 97 BCe. overall, 
though, the trend was downward, and in 31 Ce the eastern Han 
dynasty (ruled 25– 220 Ce) abolished universal military service and 
set about demilitarizing the core of the empire in earnest.95 By the 
50s Ce the Han empire was shifting toward large garrison forces 
on the frontiers (often of allied cavalry under only the loosest im-
perial control) and a small standing army of about 40,000 men at 
the empire’s core.

Han armies seem never to have reached the level of effectiveness 
of the roman empire’s. i suggest scores of 0.08 points (as compared 
to a roman peak of 0.12 points) in 100 BCe and 1 BCe/Ce, then a 
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slight decline to 0.07 points in 100 and 200 Ce. as with most of the 
estimates in this section, there is a strong element of subjectivity, and 
Western Han scores could certainly be raised to 0.1 points without 
straining the limits of the evidence too much. However, unless we 
assume that the Han military actually was a match for the roman, 
there is no way to change the eastern war- making score enough to 
have a serious impact on the social development index.

the shape of the curves for Western and eastern war- making ca-
pacity between 200 BCe and 1500 Ce (figure 5.16) suggests that it 
was probably impossible for any state (including even the strongest 
steppe confederations) to push their military effectiveness up very 
far above the 0.1– 0.12 range before the gunpowder revolution took 
off. despite all the difficulties of making sweeping comparisons 
across huge swathes of time and space,96 iron- armed imperial 
roman, early tang, and early Ming war- making techniques do seem 
to have reached roughly the same level. no amount of reorganizing 
command and control and tightening up logistics could advance 
much beyond this.
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early China, 1600– 200 BCe

as in analyses of early Western war making, the very small scores 
possible on the index produce a rather schematic effect (see figure 
5.13).

archaeologists have found plenty of evidence for violence in 
Chinese prehistory, but only in the early second millennium BCe 
do we see regular use of metal weapons and signs of military organi-
zation that we can reasonably think of as state- style warfare.97 fol-
lowing the same principles that i applied to early Western war mak-
ing, i therefore assign the first score of 0.01 points in 1600 BCe, 
which coincides roughly with the episodes conventionally associ-
ated with the arrival of the shang. eastern war- making was at 
roughly the same level in the mid- second millennium BCe as that in 
the Western core in the third millennium BCe, waged with bronze- 
armed and usually unarmored militias of just a few thousand men, 
no cavalry or chariots, no purpose- built warships, and fairly simple 
fortifications.

the time lag between eastern and Western war- making capacity 
shrank sharply during the later second millennium BCe. the spread 
of chariot warfare from Central asia to both regions (reaching the 
West around 1800 BCe and the east around 1200 BCe) probably 
had a lot to do with this. late shang warfare seems to have been con-
ducted on a much larger scale than that of early shang times.98 ac-
cording to the indications in the oracle bones, shang expeditionary 
forces were normally around three thousand strong, but on at least 
one occasion King Wuding and lady fushao assembled ten thousand 
men.99 By 1200 BCe these armies were using chariots, but they seem 
to have limited them primarily to transporting officers. i suggest that 
war- making capacity had risen sufficiently to lift the score to 0.02 
points by 1200 BCe. i estimate that the Western score rose to 0.02 
points in 1800 BCe, suggesting that the gap between eastern and 
Western military power had narrowed to about six hundred years.

in the West the pace of military change accelerated after 1500 
BCe, as chariot corps became the central arm in the kingdoms 
around the east Mediterranean and increasingly professional forces 
developed under highly centralized leadership. i suggested that the 
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score for war- making capacity increased to 0.03 points in 1400 BCe, 
then to 0.04 points in 1300. the east, it seems, went through a simi-
lar period of accelerating increases in military capacity in the late 
second millennium BCe. By 1000 BCe the zhou were using chari-
ots en masse, much as Western armies had been doing since 1500 
BCe,100 and according to the Shi ji (admittedly, compiled almost a 
millennium later), in 1045 BCe King Wu of zhou led 45,000 infan-
try, 6,000 allies, and 300 chariots in the war that overthrew the 
shang.101 even if the actual numbers were only half as large, this 
force would have been quite respectable by the standards of Western 
war making in 1500 BCe (although it would not have impressed the 
Western kings of the thirteenth century BCe). i therefore suggest a 
score of 0.03 points for eastern war making in 1000 BCe.

zhou armies seem to have grown during the tenth century BCe, 
and carried royal power far beyond the Wei and yellow river val-
leys. after King zhao’s disastrous defeat on the Han river in 957 
BCe, however, the state began to unravel. assigning scores to such 
poorly known institutions is a rather arbitrary exercise, but i as-
sume that zhou military capacity did not increase enough between 
1000 and 900 BCe to raise the score above 0.03 points, but that the 
chaos into which the state descended after about 850 did lower the 
score back to 0.02 points.

Military capacity increased rapidly and steadily in the mid-  and 
late first millennium BCe. the most important changes were orga-
nizational, with a shift away from aristocrats raising levies and lead-
ing them in their own chariots to rulers taxing and conscripting free 
peasants in mass infantry armies. in the seventh century, ten thou-
sand men was still considered a sizeable force. By the late sixth cen-
tury, however, a major effort might raise fifty thousand troops, and 
a century later, the greatest armies were twice as big.102

By the fifth century BCe, Chinese scholars were ranking states 
by the number of chariots they could field, with a thousand chariots 
(probably 50 percent more than duke Wen used in the great battle at 
Chengdu in 632 BCe) counting as small and ten thousand as large.103 
across the fourth and third centuries, however, army sizes exploded. 
the numbers provided by our sources (which reach 600,000) are 
often suspect, but the state of Qin could certainly field a few hun-
dred thousand troops at a time by 250 BCe.104 iron weapons did not 
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become the norm until after 200 BCe, but the fourth and third cen-
turies BCe also saw chariots being replaced by cavalry and great 
advances in siege warfare, including the straddling of much of north-
ern China with long mud- brick walls designed to keep steppe raid-
ers out.105

in figure 5.13 i represent the eastern score for war making as in-
creasing steadily between 700 and 100 BCe, from 0.02 to 0.08 points. 
this is certainly an oversimplification, and the rate of increase prob-
ably accelerated after 400 BCe, but given the tiny number of points 
involved, this seemed less arbitrary than inserting plateaus and peri-
ods of faster change.

War- MaKinG CaPaCity: disCussion

like social organization, war- making capacity has been a function 
of energy capture, with quite small changes at the margin of energy 
capture regularly producing wild swings in war- making capacity 
(figures 5.17, 5.18).

in east and West alike, after a long period when war- making ca-
pacity grew too slowly to be measurable on the index, it then spiked 
up sharply, rising from 0.01 to 0.08 points in the space of roughly a 
millennium (between 1800 and 500 BCe in the West and between 
1200 and 100 BCe in the east). in both regions, war- making capac-
ity then seems to have pressed against what we might call a military 
hard ceiling, between 0.08 and 0.12 points, for nearly two thousand 
years (figure 5.19).

Within this 0.08– 0.12 band, eastern and Western war- making ca-
pacity followed somewhat different paths. in the east, we see a se-
ries of crests (100 BCe– 100 Ce, 700 Ce, 1400 Ce) separated by 
collapses (200– 400 Ce and 800– 900 Ce), with each crest peaking 
higher than the earlier ones (at 0.08 points between 100 BCe and 
100 Ce, 0.11 points in 700 Ce, and 0.12 points in 1400 Ce, return-
ing to that level in 1600 Ce after a slight decline around 1500).

Premodern Western war- making capacity has a more dramatic 
history, rising fairly steadily from 500 BCe until 100 BCe (as noted 
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earlier, the fourth- century BCe flat period of the graph is just a 
product of rounding the very tiny scores) to a very high level of 0.12 
points, then collapsing spectacularly to 0.04 points by 600 Ce, be-
fore rising steadily from 800 Ce onward, breaking through the 0.12 
points ceiling around the 1440s Ce—just the moment when gun-
ners from ottoman turkey to Burgundy, france, and england 
began experimenting with new designs and new tactics.

figure 5.19 illustrates well the argument made by theorists of the 
early- modern european Military revolution: guns were a necessary 
but not a sufficient condition for europe’s military takeoff. it was 
guns that made it possible for fifteenth- century european armies to 
outperform imperial rome’s in significant ways, but it took trans-
formations in tactics, logistics, and command and control to realize 
the potential of the new weapons.

as Kenneth Chase argues,106 these transformations began in eu-
rope—and particularly Western europe—rather than in China, 
india, iran, or turkey, because (a) europe’s distance from the steppes 
made it difficult to maintain large cavalry armies, which meant that 
its battlefields contained a lot of slow- moving infantry, against 
which slow- firing guns could be effective; (b) europe had a lot of 
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walled cities, against which cannons were effective; and (c) europe’s 
political fragmentation meant that there were a lot of wars going on, 
rewarding innovation.

table 5.2 crudely sums up the regional differences, separating the 
eurasian lucky latitudes into just three regions, of Christendom, the 
Muslim world, and the east. in the Muslim world (defined loosely 
as reaching from the Balkans to india) infantry often had a signifi-
cant battlefield role, but steppe cavalry generally remained domi-
nant. sieges rarely decided wars, and while india was sometimes po-
litically fragmented and the ottomans fought some long wars 
against Persia, egypt, and other neighbors, political divisions were 
less violent than in europe.107 in the east, by contrast, fortified cities 
were major targets, but other than the great war in Korea in 1592– 
98, interstate wars were rare, and the major conflicts were fought 
between Chinese border forces and steppe cavalry.108 the incentives 
for military innovation were much stronger in late- medieval and 
early- modern europe than anywhere else in eurasia, and so Western 
europeans were the first people to unlock the potential of musketry 
and artillery, and to organize their societies for more modern kinds 
of war.

that said, no amount of efficient organization could take early- 
modern war making as high even as 1.0 points on the social develop-
ment index. only the industrial revolution and the application of 
the natural sciences to transport, supply, and firepower could do 
that. Comparing figures 5.17 and 5.18 with figures 4.2 and 4.3 shows 
that the industrial revolution has had far more impact on war mak-
ing than on city sizes.

table 5.2 
factors driving the military revolution, ca. 1400–1700 Ce

Infantry Cities Fragmentation

Christendom x x x
islam x x
east x

Key: x = very important; x = somewhat important; blank = unimportant.
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InformatIon teChnology

CateGorizinG inforMation teCHnoloGy

With only trivial exceptions, humans differ from all other animals in 
being able to evolve culturally by accumulating information, ideas, 
and best practices over time. Proto- humans may have had some-
thing resembling modern speech as far back as Homo ergaster, 1.8 
million years ago, and Heidelberg Man—the shared ancestor of ne-
anderthals and modern humans—had hyoid bones that could pro-
duce speech sounds and inner ears that could probably have distin-
guished the sounds of conversational speech.1 However, the 
evolution of modern Homo sapiens in the past 150,000 years repre-
sents a revolution in this regard.

for tens of thousands of years, the transmission and storage of 
information depended entirely on speech and memory. the first un-
mistakable evidence for communication through material symbols 
goes back nearly a hundred thousand years, in the form of engraved 
fragments of ocher from Klasies river Cave 1 in south africa.2 
However, symbols of this kind remained not only rare but also very 
simple until about fifty thousand years ago, when they suddenly (by 
prehistoric standards, at least) become common wherever humans 
are found. archaeologists often refer to this as “the big bang of 
human consciousness.”3
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the first evidence for symbols that unambiguously represent 
numbers and speech appears a little over five thousand years ago in 
southwest asia,4 and since then these technologies have spread all 
over the world. almost by definition, we are relatively well in-
formed about the history of information technology since the ori-
gins of writing and numbers because every document that survives 
from the past is by its nature a piece of evidence for the sophistica-
tion and spread of such technology. Consequently, we can trace in 
some detail the rise of systems for storing and communicating infor-
mation, the relative ease of accessing data, and the sophistication of 
the various technologies.5

the ability to store and transmit information is central to master-
ing the intellectual environment, and as such is a fundamental part of 
the concept of social development. However, despite the archaeo-
logical visibility of physical traces of writing and counting, it can be 
very difficult to measure the extent of use of different technologies. 
Historians of europe have made some valiant efforts to count how 
many people could read and write and at what levels of competence 
in the past two to three thousand years.6 numeracy has received less 
attention than literacy, despite its obvious importance, though again 
there have been some valuable studies.7

since the 1980s there has been a reaction against quantification 
among scholars of literacy, with many europeanists concluding 
that since there are many kinds of literacy, there is no point in  
trying to count how many people could read and write.8 But while 
the first observation—that there are multiple kinds of literacy (and, 
for that matter, of numeracy)—is undoubtedly true, the second—
that counting how many people could read and write is pointless—
does not follow from it. so long as we are explicit about what is 
meant by literacy and numeracy,9 and recognize that other histori-
ans, asking other questions, may prefer to define the terms in other 
ways, quantification remains a necessary approach. as with the 
broader turn against quantification in the humanities and many of 
the social sciences, it is largely a matter of what questions we are 
trying to answer.

to use information technology as a trait in the social develop-
ment index we need to calculate separate scores for (a) the sophisti-
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cation of the technologies available in east and West at specific 
points in time and (b) the extent of their use; and then we need to 
multiply the two numbers together to produce a series of scores for 
eastern and Western information technology through history.

as in the case of war- making capacity, the greatest difficulty is 
not the scarcity of evidence for premodern times but the dramatic 
leap in technological sophistication during the twentieth century, 
which makes it difficult to compare the information technology of 
2000 Ce with that of earlier periods. in Why the West Rules—For 
Now,10 i observed that Moore’s law, which states that the cost- 
effectiveness of information storage and retrieval has been doubling 
every eighteen months since 1950, might be taken to imply that the 
Western information technology score in 2000 Ce should be well 
over a billion times higher than that for 1950 Ce. the Western score 
of 250 points in 2000 Ce would in fact fall to the lowest measurable 
score, of 0.01 points, before we even get back to 1970.

Many of us remember the reel- to- reel tape machines and main-
frame computers of the 1970s, machines that seem positively archaic 
next to the iPods and iPads of our own enlightened times; yet it is 
ridiculous to suggest that information technology in the era of the 
first moon landing was too primitive to be measurable. Calculating 
information technology scores requires weighting different kinds of 
systems and recognizing that shifts between them are not linear or 
straightforward. Writing has not replaced speech; nor has the tele-
phone or tweeting replaced face- to- face communication. new 
forms of information technology may eventually completely replace 
those that evolved over the past few hundred thousand years, but 
this has not happened yet, and in calculating historical scores for 
information technology we will have to recognize the complicated, 
overlapping patterns.

the evidence for how many people could read, write, and count, 
at which levels of skill, and using which technologies is fragmentary 
and open to competing interpretations; and the need to make allow-
ance for the partialness of changes through time adds a further level 
of subjectivity to the calculations. scores for information technol-
ogy are therefore even more open to debate than those for the other 
three traits.
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CalCulatinG inforMation teCHnoloGy sCores

the difficulties of categorizing information technology call for a 
two- stage approach to scoring.

1. Skills. following common practice among historians, i divide 
the populations being studied into three skill levels—full, medium, 
and basic—describing their ability in using the information technol-
ogy available in their age. again following standard practice, i de-
fine each category in a way that sets the bar low. “Basic” skills in-
volve being able to read and write a name or record simple numbers; 
“medium” means being able to read or write a simple sentence or 
use basic problems in addition, subtraction, multiplication, and divi-
sion; and “full” means being able to read or write more connected 
prose or use more advanced mathematical techniques.

some anthropologists and historians have suggested that defini-
tions of this kind are eurocentric, and that there are cultural tradi-
tions in which language and mathematics work in entirely different 
ways.11 However, although the question deserves more study, at 
present there seems to be little empirical support for these claims.12 
the division into basic, medium, and full literacy levels, for instance, 
was independently developed by the Chinese Communist Party in 
its 1950 literacy drive, which defined full literacy as the ability to 
recognize 1,000+ characters, semiliteracy as the ability to recognize 
500– 1,000 characters, and basic literacy as the ability to recognize 
300– 500 characters.13

drawing on the available scholarship (using experts’ quantitative 
estimates when they are available, and extrapolating from the quali-
tative discussions when they are not), i divide the adult male popu-
lation at different periods across these three categories of full, me-
dium, and basic. i assign 0.5 information technology points (itP) 
for each 1 percent of the adult male population that falls into the 
full- skills category, 0.25 itP for each 1 percent of the adult male 
population that falls into the medium- skills category, and 0.15 itP 
for each 1 percent of the adult male population that falls into the 
basic- skills category.

these numbers are, and can only be, arbitrary estimates of the 
difference between each level of mastery of information technology. 
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they may be quite reasonable for some times and places but are 
surely very wide of the mark in others. However, consistency in 
scoring seems more important than spurious and highly subjective 
attempts at greater accuracy. adding together the scores yields a 
single “male itP” result for each period. if the numbers i have sug-
gested for the high- , medium- , and low- skill categories seem unrea-
sonable, critics can of course experiment with other numbers and 
find out how much they need to be changed in order to make a seri-
ous difference to the social development index.

the evidence for female literacy and numeracy is generally even 
poorer than that for male literacy and numeracy, though we can be 
sure that in most or all times and places before the twentieth cen-
tury, fewer (usually far fewer) women could read, write, and per-
form mathematical calculations than men, and usually at lower 
levels.

there are simply no reliable statistics for male/female differences 
in premodern times, which means that i am once again reduced to 
guesswork, constrained only by general impressions drawn from 
the historical sources. However, making explicit guesses should be 
more constructive than leaving assumptions implicit, so i hazard a 
series of estimates for others to challenge if they see fit. i then apply 
the estimated gender multiplier for each period to the male itP 
score to produce a female itP score; adding the two scores together 
yields a single score in itP for east or West at a specific point in 
time.

in the Western core in 2000 Ce, i place 100 percent of males in 
the full- skills category as defined here, generating a male itP score 
of 50 (i.e., 100 percent × 0.5), and female skills score 100 percent of 
the male rate, generating a female itP score of 50 (i.e., the male 50 
points × 100 percent).14 the West’s score in itP for 2000 Ce is there-
fore 100.

Professional literacy and numeracy providers in the Western core 
conventionally set much higher standards for basic, medium, or full 
skills than historians use, and would consequently disagree not only 
with my assertion that 100 percent of males have full skills but also 
with the claim that female numeracy skills match male.15 However, 
while setting the bars for basic, medium, and full literacy and nu-
meracy at very high levels is completely appropriate for those seek-
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ing to raise standards within complex twenty- first- century societies, 
it would be unhelpful for long- term cross- cultural comparisons, be-
cause it would reduce all pre- 1900 scores to zero.

2. Speed and reach of technologies. the second stage in calculat-
ing scores is to establish another multiplier to reflect the changing 
speed and reach of technologies for storing and communicating in-
formation. i divide tools for handling information into three broad 
categories: electronic (in widespread use in east and West alike in 
2000 Ce), electrical (in widespread use in the West but not in the 
east in 1900 Ce), and pre- electrical (in use in the West for perhaps 
eleven thousand years and in the east for perhaps nine thousand 
years).

i assign multiplier values of 2.5 for the most advanced forms of 
electronic media, in use in the West in 2000 Ce. in the east in 2000 
Ce similar media were in use, but were less widely available. tele-
phones (both landline and mobile) and televisions were roughly 
equally common in West and east, but computers and internet hosts 
were more common in the West (62.3 computers per 100 people in 
the united states as compared to 38.5 computers/100 people in 
Hong Kong and 34.9 computers/100 people in Japan; 375.1 internet 
hosts/100 people in the united states as compared to 97.3 internet 
hosts/100 people in taiwan and 72.7 internet hosts/100 people in 
Japan).16 since the Western multiplier in 2000 Ce is set at 2.5, i use a 
multiplier of 1.89 for the eastern core. the West’s score for informa-
tion technology on the social development index in 2000 Ce is 250 
points (i.e., 100 itP × 2.5); the east’s is 189 (i.e., 100 itP × 1.89).

the electronic multiplier of 2.5 for the Western core in 2000 Ce 
is fixed by the fact that the maximum score possible for a trait is 250 
points, but the values for electrical and pre- electrical media are much 
harder to calculate. i am not aware of previous attempts to calculate 
the overall increase in the capacity of information technology across 
the twentieth century, but drawing on the expert literature,17 my 
guess is that the electronic media available in 2000 Ce represented 
something like a fiftyfold increase in capacity over the electrical 
media available in the West in 1900 Ce. this would mean that the 
multiplier for the Western core in 1900 was 0.05.

the nineteenth century also saw extraordinary improvements in 
information technology,18 though they were clearly not on such a 
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scale as those of the twentieth century. i suggest that the electrical 
media available in the West in 1900 Ce in turn represented some-
thing like a fivefold increase in capacity over the pre- electrical media 
available in 1800 Ce, leading to a multiplier of 0.01 for 1800. i treat 
this as a base level for all pre- electrical information technology sys-
tems going back to the first documented experiments with visual 
notations, around 9000 BCe in the West and 6250 BCe in the east.

others may disagree with the numbers i propose, and of course 
there were many variations within my crude category of pre- 
electrical information technology. Historians may particularly no-
tice that i have not made a categorical distinction between print and 
preprint media, even though the impact of printing presses on euro-
pean elite culture in the fifteenth century and eastern elite culture 
since the seventh century is well known.19

i made this decision because the main contribution of printing 
was to generate more and cheaper materials, rather than to trans-
form information storage and retrieval the way that the telegraph 
and the internet would do in the nineteenth and twentieth centuries, 
and these purely quantitative changes are already factored into the 
index. However, even if other scholars disagree with this assump-
tion, the numbers involved in information technology scores before 
1900 Ce are so tiny that—even more than in the case of war- making 
capacity—it would take enormous revisions of these multipliers to 
have much impact on the final social development scores.

for similar reasons, i have not distinguished between forms of 
notation, treating alphabetic, syllabic, ideographic, and other styles 
of writing simply as variants on pre- electrical systems. this over-
simplifies reality,20 but because (a) judgments on the relative effi-
ciency of writing systems descend too easily into culture- bound 
value judgments and (b) the tiny scores at all points before 1700 Ce 
mean that no plausible adjustment would have a serious impact, i 
decided simply to treat all versions of pre- electrical information 
technology systems as identical and to concentrate on measuring the 
extent of their use.

finally, i have not made a separate category for pre- electrical cal-
culating devices like the abacus, first attested in Mesopotamia 
around 2500 BCe, or the inca quipu, which, in a simple form, may 
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be roughly equally old.21 this is for the same reason that i did not 
make a distinction with the printing press; pre- electrical calculators 
speeded up counting and improved its accuracy, but did not trans-
form the process as computers have done.

figure 6.1 shows the scores i have calculated, on a linear- linear 
scale: the Western score in 1900 Ce is just about visible, but no ear-
lier scores can be seen at this scale. figure 6.2 shows the same data 
on a log- linear scale. Changing the Western multiplier for 1500– 
1800 Ce to 0.02 to reflect a greater impact from the printing press 
and changing the eastern multiplier for 1400– 1900 Ce to 0.02 to 
reflect the great expansion of printing in that period make no visible 
changes to a linear- linear representation (figure 6.3) and very little 
change on a log- linear scale (figure 6.4).

this method of calculation rests on one further key assumption: 
that the adoption of visible symbols for recording concepts is  
crucially important. Humans were talking and counting for tens  
of thousands of years before they started writing or using numeri-
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figure 6.1. eastern and Western information technology, 4000 BCe– 2000 Ce, shown on a 
linear- linear scale.
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figure 6.2. eastern and Western information technology, 4000 BCe– 2000 Ce, shown on a 
log- linear scale.
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cal notations, and they preserved and communicated enormous 
amounts of information in their traditions, rituals, and art. By defi-
nition, however, all purely oral systems of information technology 
automatically score zero on the social development index.

i have three reasons for proceeding in this way. first, a biological 
consideration: Human brains are the same everywhere, and despite 
the claims mentioned earlier for extreme variations between cul-
tures, no convincing evidence has yet appeared for major differences 
in the abilities of people in different oral cultures to process and 
store information in their heads or to communicate it in speech. if 
this is correct, for comparative purposes preliterate information 
technology systems effectively zero out. only with the develop-
ment of more sophisticated techniques of literacy and numeracy do 
measurable differences start to emerge.

second, a practical consideration: even if the assumption de-
scribed in the previous paragraph is in fact false, i know of no way 
to measure and compare the information technology systems of dif-
ferent nonliterate cultures in the past. if eastern oral cultures pro-
cessed, stored, and/or communicated information better than West-
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ern oral cultures in the era before the first evidence for systems of 
notation in either region (around 9300 BCe in the West and 7000 
BCe in the east), or vice versa, there is no way that we will ever 
know about it.

third, an empirical consideration: the revolutionary conse-
quences of using visible symbols to record verbal and mathematical 
concepts are well established.22 Critics, who often label those who 
stress the efficiency of visual recording “evolutionists,” have pointed 
out plenty of reasons to exercise caution about extreme claims and 
to be flexible in interpreting the impact of writing;23 but after half a 
century of arguments, it still seems clear that whether the shift from 
purely oral to various combinations of oral and written information 
technology empowered the individual, created hierarchy, or did 
both at once, it also marked a major step in increasing human abili-
ties to store, access, and transmit information. in the West, where 
the evidence has received particularly detailed study, the earliest no-
tations were probably for accounting, with verbal forms emerging 
gradually from them.24 in the east the evidence is less clear,25 but the 
same pattern may apply there too.

i present my full calculations in tables 6.1 and 6.2 and in figures 
6.1 and 6.2.

estiMates of Western  
inforMation teCHnoloGy

the nature of the evidence changes significantly as we move back 
through time, but a very rough picture can nevertheless be put to-
gether. Between the mid- 1960s and mid- 1980s, historians did pio-
neering work on european literacy rates between 1600 and 1900 
Ce,26 discussing different levels of male and female literacy across 
time. a smaller amount of work of this kind was also done on the 
united states.27

since the mid- 1980s this kind of statistical approach has been 
criticized, and historians have steadily abandoned quantification in 
favor of the cultural histories of the book and communities of read-



table 6.1  
Western information technology scores

Categories (percentages)

Dates 
Full  

(@ 0.5 pts)
Medium  

(@ 0.25 pts)
Basic  

(@ 0.15 pts)
Male  
points 

Female  
(% M)

Literacy  
points  Multiplier 

Total  
points 

2000 Ce 100 (50) 0 0 50 100% = 50 100 × 2.5 250
1900 40 (20) 50 (12.5) 7 (1.05) 33.6 90% = 30.2 63.8 × 0.05 3.19
1800 20 (10) 25 (6.25 20 (3) 19.3 50% = 9.65 28.95 × 0.01 0.29
1700 10 (5) 15 (3.75) 25 (3.75) 12.5 10% = 1.25 13.75 × 0.01 0.14
1600 5 (2.5) 10 (2.5) 10 (1.5) 6.5 2% = 0.13 6.63 × 0.01 0.071
1500 4 (2) 8 (2) 6 (0.9) 4.9 2% = 0.10 5.0 × 0.01 0.05
1400 3 (1.5) 6 (1.5) 4 (0.6) 3.6 1% = 0.04 3.64 × 0.01 0.04
1300 3 (1.5) 6 (1.5) 4 (0.6) 3.6 1% = 0.04 3.64 × 0.01 0.04
1200 3 (1.5) 6 (1.5) 4 (0.6) 3.6 1% = 0.04 3.64 × 0.01 0.04
1100 2 (1) 4 (1) 2 (0.3) 2.3 1% = 0.02 2.32 × 0.01 0.02
1000 2 (1) 4 (1) 2 (0.3) 2.3 1% = 0.02 2.32 × 0.01 0.02
600–900 2 (1) 2 (0.5) 1 (0.15) 1.65 1% = 0.02 1.67 × 0.01 0.02
300–500 3 (1.5) 4 (1) 3 (0.45) 2.95 1% = 0.03 2.98 × 0.01 0.03
100 BCe–200 Ce 4 (2) 6 (1.5) 5 (0.75) 4.25 1% = 0.04 4.29 × 0.01 0.04
500–200 BCe 2 (1) 3 (0.75) 2 (0.3) 2.05 1% = 0.02 2.07 × 0.01 0.02
900–600 BCe 1 (1) 2 (0.5) 1 (0.15) 1.65 1% = 0.02 1.67 × 0.01 0.02
1100–1000 BCe 1 (1) 1 (0.25) 1 (0.15) 1.4 1% = 0.01 1.41 × 0.01 0.01
2200–1200 BCe 1 (1) 2 (0.5) 1 (0.15) 1.65 1% = 0.02 1.67 × 0.01 0.02
2700–2300 BCe 1 (1) 1 (0.25) 1 (0.25) 1.4 1% = 0.01 1.41 × 0.01 0.01
3300–2800 BCe 0 (1) 1 (0.25) 2 (0.3) 0.55 1% = 0.01 0.56 × 0.01 0.01
6000–3400 BCe 0 0 1 (0.15) 0.15 1% = 0 0.15 × 0.01 0
9000–6100 BCe 0 0 0 0 0 0 × 0.01 0
9300–9000 BCe 0 0 1 (0.15) 0.15 1% = 0 0.15 × 0.01 0



table 6.2 
eastern information technology scores

Categories (percentages)

Dates 
Full  

(@ 0.5 pts)
Medium  

(@ 0.25 pts)
Basic  

(@ 0.15 pts)
Male  
points

Female  
(% M)

Literacy  
points Multiplier

Total  
points 

3000 100 (50) 0 0 50 100% = 50 100 × 1.89 189.00
1900 15(7.5) 60 (15) 10 (1.5) 24 25% = 6 30 × 0.01 0.30
1800 5 (2.5) 35 (8.75) 10 (1.5) 12.75 5% = 0.64 13.39 × 0.01 0.13
1700 5 (2.5) 20 (5) 10 (1.5) 9 2% = 0.18 9.18 × 0.01 0.09
1600 4 (2) 15 (3.75) 10 (1.5) 7.25 2% = 0.15 7.4 × 0.01 0.07
1500 3 (1.5) 10 (2.5) 10 (1.5) 5.5 2% = 0.11 5.61 × 0.01 0.06
1400 3 (1.5) 10 (2.5) 10 (1.5) 5.5 2% = 0.11 5.61 × 0.01 0.06
1300 3 (1.5) 5 (1.25) 5 (0.75) 3.5 1% = 0.04 3.51 × 0.01 0.04
1200 3 (1.5) 5 (1.25) 5 (0.75) 3.5 1% = 0.04 3.51 × 0.01 0.04
1100 2 (1) 2 (0.5) 3 (0.45) 1.95 1% = 0.02 1.97 × 0.01 0.02
600 BCe–1000 Ce 2 (1) 2 (0.5) 2 (0.3) 1.8 1% = 0.02 1.82 × 0.01 0.02
1000–700 BCe 2 (1) 1 (0.25) 1 (0.15) 1.4 1% = 0.01 1.14 × 0.01 0.01
1300–1100 BCe 1 (0.5) 1 (0.25) 1 (0.15) 0.9 1% = 0.01 0.91 × 0.01 0.01
7000–1400 BCe 0 0 1 (0.15) 1.15 1% = 0 0.15 × 0.01 0
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ers.28 the methodological problems involved in reconstructing 
early- modern literacy rates are certainly severe,29 but the shift in re-
search seems to be driven more by the broader historiographical 
trend away from quantification than by convincing evidence that 
the results of the 1960s to 1980s were seriously flawed.

the general picture that emerges from the specialist studies is one 
of local variations in literacy rates combined with a broad trend 
across europe and north america from 1600 Ce onward toward 
increasing literacy at all levels plus a declining gap between male and 
female literacy.30 on my index, the numbers proposed by Cipolla, 
stone, and others translate to scores roughly doubling each century 
between 1600 and 1800 Ce, rising (in social development points) 
from 0.07 points in 1600 to 0.29 in 1800, then shooting up to 3.19 
points in 1900.

Before 1600 Ce the evidence is less good. Medievalists have stud-
ied the european sources for literacy intensively,31 but numeracy has 
been relatively neglected.32 in the Muslim core, the opposite situa-
tion applies; very little has been written on literacy,33 but science and 
mathematics have received more attention.34 there have been fewer 
studies focusing specifically on medieval islamic education and the 
extent of literacy and numeracy among the broader Muslim 
population.35

there seems to be some agreement that male literacy and numer-
acy were rising slowly in Western europe from the time of what 
historians sometimes call the “twelfth- century renaissance,”36 and 
that levels were very low indeed before 1100 Ce. numbers of liter-
ate and numerate women probably began rising steadily only after 
1500.

scholars of islamic education are rarely willing to hazard any 
quantitative estimates at all, but it would seem that while the top 
Muslim scholars were more numerate and at least as literate as those 
in Christendom before 1100, literacy was restricted to very narrow 
circles. We might characterize medieval islamic literacy as a scribal 
and priestly phenomenon, while literacy in Christian europe was 
becoming characteristic of a broader craftsman stratum (even if the 
writing being read was often biblical). the Muslim world saw noth-
ing like europe’s sixteenth- century boom in male reading of holy 
texts or its expansion of female literacy.
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Probably fewer than 10 percent of Western men could read even 
at the basic level in 1100, and an even smaller number (perhaps 2 
percent?) could be said to be fully literate. the numbers for women 
are particularly elusive, but seem to have been so tiny—perhaps one 
literate woman for every hundred literate men—that they make al-
most no difference to the scores. i estimate a social development 
score of just 0.02 points for the West around 1100 Ce, rising by slow 
increments to 0.05 in 1500, and then increasing more rapidly.

literacy and numeracy seem to have been wider and deeper phe-
nomena in classical antiquity than in the Middle ages,37 particularly 
in democratic athens (508– 322 BCe) and italy between about 200 
BCe and 200 Ce. William Harris has provided particularly solid 
quantitative estimates, which i generally follow.38

Much recent scholarship on ancient Greco- roman literacy, like 
that among medievalists and anthropologists, emphasizes that liter-
acy was a more complicated phenomenon than can be captured by a 
single score,39 but Harris’s work already took the variety of forms of 
literacy into account in calculating rates.

other recent work has suggested that in addition to oversimpli-
fying the complexity of literacy, Harris’s figures perhaps also under-
state the levels of popular accomplishment in information technol-
ogy in classical athens and the early roman empire, where 
archaeological finds have revealed surprising levels of literacy among 
ordinary soldiers on the roman frontiers in Britain and libya.40

Bearing these criticisms in mind, i estimate that the social devel-
opment score for information technology in the Western core peaked 
around 0.04 points between 100 BCe and 200 Ce. after 200 Ce it 
declined;41 i estimate scores of 0.03 points for 300– 500 Ce, then, for 
lack of any clearer evidence and because the numbers involved are 
so small, a fairly static level of 0.02 until the revival after 1100 Ce.

looking back before 100 BCe, i suggest that between 400 and 
200 BCe information technology scored 0.03 points in the core areas 
around the shores of the aegean and the eastern Mediterranean, ris-
ing from 0.02 points in the earlier first millennium BCe. With such 
tiny scores, precision and nuance both become impossible; i treat 
information technology as basically flat between 2200 BCe (the rise 
of the bureaucratic states of akkad and ur iii) and 500 BCe (the 
beginning of the spread of democratic states in Greece), representing 
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a combination of what historians often call “scribal literacy” and 
“craft literacy” (and, i would add, numeracy).

By scribal/craft literacy i mean that a tiny educated elite (perhaps 
1 percent of the male population) had full mastery of a literary 
canon, a slightly larger (perhaps 2 percent of the male population) 
bureaucratic elite had mastery of recording techniques, and another 
small (1– 2 percent?) group of artisans could read or write their own 
names and perform the calculations they needed in their professions. 
this scribal/craft information technology scores 0.02 social devel-
opment points, apart from an interruption during the period of col-
lapse between 1200 and 1000 BCe, when evidence for writing of all 
kinds contracts sharply. in Greece writing probably went out of use 
altogether, and around the eastern Mediterranean as a whole very 
few documents survive. during this “dark age” i assign scores of 
0.01 points.

the first convincing evidence of scribal numeracy and literacy 
appears around 3300 BCe in southern Mesopotamia,42 and i begin 
assigning scores of 0.01 points at that date. information technology 
increased in sophistication and extent of use across the next thou-
sand years, but given that 0.01 points is the smallest increment avail-
able on the social development index, figure 6.2 represents the curve 
as flat until it jumps around 2250 BCe. there are hints of symbolic 
activity that some scholars choose to call writing or mathematics 
going back as far as 9000 BCe,43 but these traces are so scarce that i 
treat them as scoring zero.

estiMates of eastern  
inforMation teCHnoloGy

there has been much less quantitative analysis of eastern literacy 
and numeracy in the languages accessible to me than of Western lev-
els, and this is reflected in the flat scores in figure 6.2 and the brevity 
of table 6.2. the scores i assign to the east necessarily oversimplify 
a more complicated pattern, full of ebbs and flows like those repre-
sented in the Western scores.
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in 2000 Ce, i follow the un Hdi in treating eastern literacy 
rates in the Japanese core as roughly similar to those in the Western 
core,44 but as i explained in the “Calculating information technol-
ogy scores” section i use a multiplier of 1.89, rather than the West’s 
2.5, to reflect the narrower availability of electronic media in Japan 
than in the united states in 2000.

in 1900, strenuous efforts by the Japanese government had begun 
raising literacy rates. While standards were low compared to the 
Western core, they were far higher than in premodern cultures, and 
perhaps 85 percent of boys and 25 percent of girls had at least some 
skills.45 there is room for some debate over the levels attained, but 
because Japanese information technology remained largely pre- 
electrical even in 1900, the east- West gap in social development 
points was at this stage enormous.

i calculate that the eastern score (30 itP × a multiplier of just 
0.01, reflecting the pre- electrical stage) was just 0.3 points, as com-
pared to 3.19 points in the West. Chinese literacy and numeracy lev-
els were even lower than Japanese levels around 1900, thanks to the 
educated elite’s ambivalence toward mass education.46 Chinese lev-
els had been very high by premodern standards, and probably at 
least 50 percent of boys reached the basic standard in 1900 Ce, but 
steps toward mass education remained hesitant. only after the com-
munist takeover in 1949 did mass education really take off.47

Before 1900, Qing China had seen a steady expansion of basic 
education and craft literacy. around 1700 Ce perhaps just 5 percent 
of men could be said to read reasonably fluently and 35 percent of 
boys learned a few characters, but by 1800 as many as half of the 
boys in northern China were learning a few characters.48

female literacy and numeracy were much more restricted. West-
ern literacy and numeracy rates were higher than eastern rates in the 
eighteenth and nineteenth centuries (particularly for women), but 
the numbers were still small enough that the actual differences in 
social development points (by my calculations, 0.14 for the West in 
1700, doubling to 0.29 in 1800, as compared to 0.09 for the east in 
1700, rising by about half to 0.13 in 1800) were relatively small.

in Ming dynasty times the scores seem to have been lower, al-
though they were probably higher than in the West before it began 
its information boom after 1600 Ce. there may not have been great 
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differences between elites of education at each end of eurasia, but 
China seems to have had a significantly bigger group of people 
(overwhelmingly men) with medium literacy and numeracy levels.49 
actual numbers are necessarily impressionistic (i calculate 0.06 
points in 1500 Ce and 0.07 in 1600 Ce, as against 0.05 and 0.07 in 
the West), but because the scores are so low before the seventeenth 
century, the margin of error would need to be very large to have a 
serious impact on the social development index. levels in Japan 
were probably quite close to those in China.50

Moving back into earlier periods of course involves even more 
imprecision. elite education improved drastically in tang and song 
times, and the boom in books and financial record keeping in the 
tenth through twelfth centuries suggests to me that the use of infor-
mation technology was roughly comparable with that in the West 
under the roman empire (i.e., a score of 0.04 points).51 scores of 
0.03 or 0.05 look equally plausible, but scores as low as 0.02 (compa-
rable to that i assigned to the West between 600 and 900 Ce) or as 
high as 0.06 (comparable to the sixteenth- century West) seem un-
likely. i suggest that scores rose rapidly from about 0.02 points in 
1000 Ce to 0.06 in 1400.

in the absence of any good reason to do otherwise, i have simply 
hypothesized a flat score of 0.02 points for the long period between 
600 BCe and 1000 Ce. literacy and numeracy rates certainly fluc-
tuated across these sixteen centuries. the qualitative evidence sug-
gests that both probably rose between 600 BCe and 100 Ce, fell 
between 100 and 400 Ce, and rose again after 400 Ce.52 increasing 
amounts of writing are being recovered from the Han empire, par-
ticularly in the arid northwest and wet south, where conditions 
allow the survival of bamboo strips. However, at present it looks as 
if Chinese literacy and numeracy remained below roman levels. it 
also seems likely that the post- Han decline in information technol-
ogy was less severe than the West’s post- roman decline. Histori-
cally important as they must have been, the Chinese variations 
around the score of 0.02 points are probably too small to register on 
the index of social development.

the earliest evidence for symbolic notations in China comes 
from Jiahu around 6250 BCe, and there is enough evidence to sug-
gest some continuity in practices across the next five thousand 
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years.53 it is only around 1300 BCe, however, that Chinese use of 
writing and mathematical notation seems comparable to that seen in 
Mesopotamia around 3000 BCe, earning 0.01 points. across the 
next thousand years, the evidence suggests a fairly constant process 
of expansion of the use of symbolic systems, from oracle bones 
through inscriptions on bronze vessels to extensive painting in ink 
on bamboo strips and silk. However, the scores are so tiny that the 
improvements register on the social development index only as a 
jump from 0.01 to 0.02 points, which i place around 600 BCe.

inforMation teCHnoloGy: disCussion

figures 6.5 and 6.6 show very clearly that in east and West alike, 
information technology has been extraordinarily sensitive to the 
broader changes of the past few centuries.
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figure 6.5. Western energy capture plotted against information technology on a log- linear 
scale, 14,000 BCe– 2000 Ce, measured in social development points.
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figure 6.6. eastern energy capture plotted against information technology on a log- linear 
scale, 14,000 BCe– 2000 Ce, measured in social development points.

information technology and energy capture have been involved 
in a feedback loop. the original late- eighteenth- century British in-
dustrial revolution would have been impossible without certain lev-
els of literacy and numeracy,54 and the late- nineteenth- century “sec-
ond industrial revolution,” bringing chemistry more fully into the 
factory, depended even more heavily on information technology. in 
our own times, the links between the productivity explosions of the 
late twentieth and early twenty- first centuries and the underlying 
takeoff of entirely new forms of information technology are ex-
tremely strong.

the recent information explosion means that all information 
technology scores before 1700 Ce are necessarily extremely small. 
information technology is the most difficult of the four traits to 
measure, but because the premodern scores have been so low, it 
seems unlikely that the margins of error make any noticeable differ-
ence to the overall social development scores.
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dIsCussIon: the lImIts and PotentIal 
of measurIng develoPment

in tHis BooK i Have Presented tHe evidenCe and 
methods behind an analytical tool, the social development index. it 
therefore seems sensible to close not with a set of conclusions but 
with a more open- ended discussion of what this tool can, and can-
not, do.

i start with two sections discussing possible problems with the 
index. first, i offer a few comments on margins of error and falsifi-
cation. one of the greatest drawbacks of the neo- evolutionist indi-
ces was that because they were not really built to answer specific 
questions, it was very difficult for their designers to say exactly how 
they could be falsified. error terms depend on the questions being 
asked, and in the case of the why- the- West- rules question, we can be 
reasonably precise about how much error can be tolerated before we 
have to conclude that the index is misleading.

in the next section i turn to the issue of displaying the data. there 
is no such thing as a neutral way to display statistical information; 
each format tends to emphasize one or more dimensions of the index 
over others. i have systematically opted for what seemed to me to be 
the simplest formats, favoring linear- linear graphs whenever possi-
ble, but other formats also have merits.

i then return to the issues considered in chapter 1, asking how the 
index described here might contribute to a unified evolutionary the-
ory of history. i am optimistic that such a theory is possible, and that 
a social development index can be an important part of it. finally, i 
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ask whether such a theory really can make the past a guide to the 
future, as spencer claimed more than a hundred fifty years ago.

MarGins of error and falsifiCation

almost every detail discussed in chapters 3– 6 can be challenged. the 
evidence is almost always open to multiple interpretations. there is 
more than one way to define energy capture, city size/organization, 
war- making capacity, and information technology. i could have cal-
culated the scores in other ways. long chains of argument and infer-
ence are involved at every stage of generating a social development 
index.

as a result, another inquirer could have come up with a different 
set of social development scores. in fact, it is highly unlikely that 
any other inquirer would have come up with exactly the same set of 
scores as i have done. for that matter, if i were to start the exercise 
of calculating social development scores all over again, i would my-
self probably come up with different numbers.

Consequently, there is little to be gained from asking whether the 
index is right. no index can ever be “right,” whether we mean that 
in the strong sense that every one of the 530 numbers in tables 7.1 
and 7.2 perfectly corresponds to reality, or in the weak sense that all 
experts would agree on them. the scores i have calculated are bound 
to be wrong; the only useful question to ask is how wrong they are. 
are they so wrong that the basic shape of history depicted in figure 
2.6 is misleading, in which case the whole of Why the West Rules—
For Now is fatally flawed? or are the errors in fact fairly trivial?

the only way to know for sure will be for other archaeologists 
and historians to work through the evidence i set out in chapters 3– 6 
and to test my arguments. Here, though, i can at least be fairly pre-
cise about just how wrong the scores in the index can afford to be, 
and what would constitute falsification of my claims. if the scores i 
have calculated are typically within 10 percent of the numbers other 
analysts calculate, the basic shape of the pattern i am trying to ex-
plain will remain much the same. if my numbers are typically 15 
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table 7.1 
Western social development scores, trait by trait, 14,000 BCe–2000 Ce

energy 
capture

organiza-
tion

War- 
making 
capacity

Information 
technology Total

14,000 BCe 4.36 0.00 0.00 0.00 4.36
13,000 BCe 4.36 0.00 0.00 0.00 4.36
12,000 BCe 4.90 0.00 0.00 0.00 4.90
11,000 BCe 5.45 0.00 0.00 0.00 5.45
10,000 BCe 5.45 0.00 0.00 0.00 5.45
9000 BCe 5.99 0.00 0.00 0.00 5.99
8000 BCe 6.54 0.00 0.00 0.00 6.54
7000 BCe 7.08 0.01 0.00 0.00 7.09
6000 BCe 7.63 0.03 0.00 0.00 7.66
5000 BCe 8.72 0.04 0.00 0.00 8.76
4000 BCe 10.90 0.05 0.00 0.00 10.95
3500 BCe 11.99 0.09 0.00 0.00 12.98
3000 BCe 13.08 0.42 0.01 0.01 13.52
2500 BCe 15.26 0.47 0.01 0.01 16.29
2250 BCe 17.44 0.33 0.01 0.01 17.79
2000 BCe 18.52 0.56 0.01 0.02 19.11
1750 BCe 20.65 0.61 0.02 0.02 21.30
1500 BCe 22.34 0.70 0.03 0.02 23.09
1400 BCe 22.88 0.75 0.03 0.02 23.68
1300 BCe 23.43 0.75 0.03 0.02 24.23
1200 BCe 22.88 0.75 0.04 0.02 23.69
1100 BCe 22.34 0.47 0.03 0.01 22.85
1000 BCe 21.79 0.47 0.03 0.01 22.30
900 BCe 22.34 0.47 0.04 0.02 22.87
800 BCe 22.88 0.70 0.05 0.02 23.65
700 BCe 23.43 0.94 0.07 0.02 24.45
600 BCe 23.97 1.17 0.07 0.02 25.23
500 BCe 25.06 1.40 0.08 0.03 26.56
400 BCe 26.15 1.40 0.09 0.03 27.67
300 BCe 28.33 1.40 0.09 0.03 29.85
200 BCe 29.42 2.81 0.10 0.03 32.36
100 BCe 31.06 3.75 0.11 0.04 35.50
1 BCe/Ce 33.78 9.36 0.12 0.04 43.30
100 Ce 33.78 9.36 0.12 0.04 43.30
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table 7.1 (continued)

energy 
capture

organiza-
tion

War- 
making 
capacity

Information 
technology Total

200 Ce 32.69 9.36 0.11 0.04 42.20
300 Ce 31.60 7.49 0.10 0.03 39.22
400 Ce 31.06 7.49 0.09 0.03 38.67
500 Ce 30.51 4.23 0.07 0.03 34.84
600 Ce 28.33 1.41 0.04 0.02 29.80
700 Ce 27.24 1.17 0.04 0.02 28.47
800 Ce 27.24 1.64 0.04 0.02 28.94
900 Ce 27.24 1.64 0.05 0.02 28.95
1000 Ce 28.33 1.87 0.06 0.02 30.28
1100 Ce 28.33 2.34 0.07 0.02 30.76
1200 Ce 28.88 2.34 0.08 0.03 31.33
1300 Ce 29.42 3.75 0.09 0.04 33.31
1400 Ce 28.33 1.17 0.11 0.04 29.65
1500 Ce 29.42 3.75 0.13 0.05 33.35
1600 Ce 31.06 3.75 0.18 0.07 35.60
1700 Ce 34.87 5.62 0.35 0.14 40.98
1800 Ce 41.41 8.43 0.50 0.29 50.63
1900 Ce 100.25 61.80 5.00 3.19 170.24
2000 Ce 250.00 156.37 250.00 250.00 906.37

percent wide of the mark, that may—depending on the details—
change the shape of the development curves enough to falsify my 
argument. if they are wrong by 20 percent or more, that would defi-
nitely falsify my argument.

according to the index, shown on a log- linear scale in figure 7.1, 
Western social development pulled ahead of the east’s after 14,000 
BCe. the east slowly caught up, especially after 2000 BCe, and 
through most of the first millennium BCe the West’s lead was nar-
row. around 100 BCe the West pulled further ahead again, but in 
541 Ce the eastern line for the first time rose above the Western. 
the eastern score then stayed ahead until 1773. Western develop-
ment has been higher than eastern for 92.5 percent of the time since 
the end of the ice age.
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table 7.2 
eastern social development scores, trait by trait, 14,000 BCe–2000 Ce

energy 
capture

organiza-
tion

War- 
making 
capacity

Information 
technology Total

14,000 BCe 4.36 0.00 0.00 0.00 4.36
13,000 BCe 4.36 0.00 0.00 0.00 4.36
12,000 BCe 4.36 0.00 0.00 0.00 4.36
11,000 BCe 4.36 0.00 0.00 0.00 4.36
10,000 BCe 4.36 0.00 0.00 0.00 4.36
9000 BCe 4.90 0.00 0.00 0.00 4.90
8000 BCe 5.45 0.00 0.00 0.00 5.45
7000 BCe 5.99 0.00 0.00 0.00 5.99
6000 BCe 6.54 0.00 0.00 0.00 6.54
5000 BCe 7.08 0.00 0.00 0.00 7.08
4000 BCe 7.63 0.00 0.00 0.00 7.63
3500 BCe 8.17 0.02 0.00 0.00 8.19
3000 BCe 8.72 0.05 0.00 0.00 8.77
2500 BCe 10.35 0.09 0.00 0.00 10.44
2250 BCe 11.44 0.13 0.00 0.00 11.57
2000 BCe 11.99 0.10 0.00 0.00 12.09
1750 BCe 14.17 0.22 0.00 0.00 14.39
1500 BCe 16.35 0.33 0.01 0.00 16.69
1400 BCe 16.89 0.33 0.01 0.00 17.23
1300 BCe 17.44 0.33 0.01 0.01 17.79
1200 BCe 17.44 0.47 0.02 0.01 17.94
1100 BCe 17.98 0.47 0.02 0.01 18.48
1000 BCe 18.52 0.33 0.03 0.01 18.89
900 BCe 19.07 0.37 0.03 0.01 19.48
800 BCe 19.61 0.42 0.02 0.01 20.06
700 BCe 20.16 0.51 0.02 0.01 20.70
600 BCe 21.79 0.61 0.03 0.02 22.45
500 BCe 22.88 0.75 0.04 0.02 23.69
400 BCe 23.97 0.94 0.05 0.02 24.98
300 BCe 24.52 1.17 0.06 0.02 26.87
200 BCe 26.15 2.81 0.07 0.02 29.05
100 BCe 27.79 3.45 0.08 0.02 31.64
1 BCe/Ce 29.42 4.68 0.08 0.02 34.20
100 Ce 29.42 3.93 0.08 0.02 33.44
200 Ce 28.33 1.12 0.07 0.02 29.54
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table 7.2 (continued)

energy 
capture

organiza-
tion

War- 
making 
capacity

Information 
technology Total

300 Ce 28.33 1.31 0.07 0.02 29.73
400 Ce 28.33 1.87 0.07 0.02 29.99
500 Ce 28.33 1.87 0.08 0.02 30.30
600 Ce 29.42 5.63 0.09 0.02 35.16
700 Ce 29.42 9.36 0.11 0.02 38.91
800 Ce 30.51 9.36 0.07 0.02 39.96
900 Ce 31.06 7.00 0.07 0.02 38.69
1000 Ce 32.15 9.36 0.08 0.02 41.61
1100 Ce 32.69 9.36 0.09 0.02 42.17
1200 Ce 33.23 9.36 0.09 0.03 42.71
1300 Ce 32.69 7.50 0.11 0.04 40.34
1400 Ce 31.06 4.68 0.12 0.05 35.91
1500 Ce 32.69 6.35 0.10 0.06 39.20
1600 Ce 33.78 6.55 0.12 0.07 40.52
1700 Ce 35.96 6.09 0.15 0.09 45.29
1800 Ce 39.23 10.30 0.12 0.13 49.78
1900 Ce 53.40 16.39 1.00 0.30 71.09
2000 Ce 113.33 250.00 12.50 189.00 564.83

figure 7.2 shows on a log- linear scale shows what the eastern 
and Western trends would look like if i have consistently underesti-
mated Western development scores by 10 percent and overestimated 
eastern scores by the same amount (i.e., the graph increases all the 
Western scores i have calculated by 10 percent, and reduces all the 
eastern scores by 10 percent), and figure 7.3 shows the outcome if i 
have made the opposite error, underestimating eastern development 
scores by 10 percent and overestimating Western scores by the same 
amount.

the first point to note is how much figures 7.2 and 7.3 strain 
credibility. figure 7.2, raising Western and lowering eastern scores 
by 10 percent, requires us to accept that in 1400 Ce, as zheng He 
was preparing to set sail on the indian ocean, the West was more 
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figure 7.1. eastern and Western social development scores, 14,000 BCe– 2000 Ce, on a log- 
linear scale.
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figure 7.2. eastern and Western social development scores, 14,000 BCe– 2000 Ce, on a log- 
linear scale, increasing all Western scores 10 percent and decreasing all eastern scores 10 
percent.
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developed than the east; it also means that when Hannibal led his 
elephants to attack rome in 218 BCe, Western development was 
already higher than the east’s would be in zheng’s time. and as if 
these conclusions were not peculiar enough, it also tells us that the 
West was more developed when Julius Caesar was murdered in 44 
BCe than the east would be when China’s emperor Qianlong re-
jected lord Macartney’s trade embassy in 1793 Ce. none of these 
conclusions fits well with the mass of historical evidence available.

figure 7.3, which increases eastern scores by 10 percent and de-
creases Western scores by the same amount, is even more peculiar. 
the development score it gives to the West in 700 Ce, for instance, 
when arab caliphs in damascus ruled an empire stretching from 
Portugal to Pakistan, is lower than that for the east in the age of 
Confucius, which seems highly unlikely; and it would make the 
Western score in 1800 Ce, when the industrial revolution was al-
ready under way and the British and french empires straddled vast 
reaches of the globe, lower than the eastern scores under the song 
dynasty in 1000– 1200 Ce, which seems even less believable.
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yet even if historians could swallow such odd conclusions, the 
shapes of history as represented in figures 7.2 and 7.3 are still not 
different enough from those in figure 7.1 to change the basic pattern 
that needs explaining. short- term accident theories remain inade-
quate because even in figure 7.3, the West’s score is still higher for 
most of the period since the end of the ice age (although “most” 
now means 56 percent rather than 92.5 percent). long- term lock- in 
theories also remain inadequate because even in figure 7.2 the east 
does take the lead for seven centuries. the pattern produced by the 
scores that i have calculated—of a Western lead for most of the past 
fifteen thousand years, interrupted for twelve hundred years by an 
“eastern age”—remains intact.1

to change the fundamental patterns in need of explanation, my 
estimates would have to be 20 percent wide of the mark. figure 7.4 
shows how history would look if i have consistently underestimated 
Western development scores by 20 percent and overestimated east-
ern scores by the same amount; figure 7.5 shows the outcome if i 
have underestimated eastern development scores by 20 percent and 
overestimated Western scores by the same amount.

this time the patterns are very different. in figure 7.4 the Western 
score is always higher than the eastern, making long- term lock- in 
theories seem very plausible and also invalidating the claim that i 
make throughout Why the West Rules—For Now that social devel-
opment changes the meaning of geography. figure 7.5, by contrast, 
effectively reverses the conclusions of my actual index, having the 
east lead 90 percent of the time since the ice age.

if either figure 7.4 or figure 7.5 is correct, everything in Why the 
West Rules—For Now is wrong. We can be confident, though, that 
they are not correct. figure 7.4, raising Western scores and reducing 
eastern scores by 20 percent, tells us that imperial rome’s develop-
ment in 1 BCe/Ce was only 5 points behind industrial Japan’s in 
1900 Ce, which cannot be true. figure 7.5, on the other hand, rais-
ing eastern scores and reducing Western scores by 20 percent, means 
that eastern development was higher in pre- shang times than West-
ern would be under the Persian empire; that the West caught up 
with the east only in 1828 Ce, on the eve of the opium War; and 
that Western rule has already ended (as of 2003, in fact). none of this 
seems credible.
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figure 7.4. eastern and Western social development scores, 14,000 BCe– 2000 Ce, on a log- 
linear scale, increasing all Western scores 20 percent and decreasing all eastern scores 20 
percent.
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Hence my conclusions that (a) the margin of error in my esti-
mates is probably less than 10 percent and definitely less than 20 
percent and (b) even if the margin of error does rise to 10 percent, 
the basic historical patterns i am trying to explain still hold good.

tHe visual disPlay of tHe index

it is one thing to calculate development scores; it is another alto-
gether to display the results. every conceivable visual arrangement 
inevitably privileges one aspect of the information over another.2 
Consequently, another possible objection to the index and the inter-
pretation of it i made in Why the West Rules—For Now might be 
that the graphical decisions i made may be obscuring other, equally 
valid, interpretations of the record.

one issue has already been drawn to my attention by isaac 
opper, a graduate student in stanford’s economics department.3 as 
i explained in chapter 2, i calculated the index scores by giving out 
250 points for the maximum value (in 2000 Ce) on each trait, divid-
ing that by 250 to establish what performance was necessary to earn 
1 point, and then setting 0.01 points as the minimum score worth 
recording on the index. the consequence of this is that the scores 
fall all the way to zero for social organization (dropping to that level 
in 8000 BCe in the West and 4000 BCe in the east), war making 
(3500 BCe in the West and 1750 BCe in the east), and information 
technology (3500 BCe in the West and 1400 BCe in the east), but 
not for energy capture. this is because people could not survive un-
less they absorbed a minimum of about 4,000 kcal (scoring 4.36 
points) of energy per day.

as a result, energy capture accounted for more than 90 percent of 
the total social development score in east and West alike until 100 
BCe (table 7.3); and even after that date, energy capture continued 
to be responsible for more than 75 percent of the scores for another 
two thousand years, until organization, war making, and informa-
tion technology scores all exploded in the twentieth century.



disCussion × 249

i discussed the way that the energy scores swamp the other three 
traits in Why the West Rules—For Now, but decided that arbitrary 
weightings or bump ups for the other traits would create more prob-
lems than they solved. not everyone agrees, but isaac opper has 
pointed out that there is a much easier way to bring the other three 
traits into focus.4

Date West east

14,000–4000 
BCe

100* 100 

3500 BCe 92 100*
3000 BCe 97 99
2500 BCe 94 99
2250 BCe 98 99
2000 BCe 97 99
1750 BCe 97 98
1500 BCe 97 98
1400 BCe 97 98
1300 BCe 97 98
1200 BCe 97 97
1100 BCe 98 97
1000 BCe 98 98
900 BCe 98 98
800 BCe 97 98
700 BCe 96 97
600 BCe 95 97
500 BCe 94 97
400 BCe 95 96
300 BCe 95 91
200 BCe 91 90

Date West east

100 BCe 87 87
1 BCe/Ce 78 86
100 Ce 78 88
200 Ce 78 96
300 Ce 81 95
400 Ce 80 94
500 Ce 88 93
600 Ce 95 84
700 Ce 96 76
800 Ce 94 76
900 Ce 94 80
1000 Ce 94 77
1100 Ce 92 78
1200 Ce 92 78
1300 Ce 88 81
1400 Ce 96 86
1500 Ce 88 83
1600 Ce 87 83
1700 Ce 85 79
1800 Ce 82 79
1900 Ce 59 75
2000 Ce 28 20

table 7.3  
Percentage of total social development scores accounted for  
by energy capture

*organization scores begin registering in 8000 BCe in the West and 3500 BCe in the east, 
but until 3500 BCe in the West and 3000 BCe in the east they remain so small that they 
contribute less than 0.5 percent of the total development score, meaning that they disappear 
as a rounding error.
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the simplest way to bring out the variations in premodern social 
development scores is by representing the data on a log- linear graph. 
i did this at several points in Why the West Rules—For Now,5 adding 
up the scores on the four traits and then calculating the logarithm of 
the sum. this has its uses, but if we instead calculate the separate 
logarithms of the four traits and then add up the logs to produce a 
single score, we end up with a graph that is no longer dominated by 
the high energy capture scores. the two upper lines in figure 7.6 
show the log of the sum of the traits for West and east, while the 
two lower lines show the sum of the logs of the traits. as can be 
seen, summing the logs of the traits produces curves that are more 
sensitive to even quite small pre- twentieth- century Ce changes in 
organization, war making, and information technology.

the collapse of old Kingdom egypt and the akkadian empire 
in the Western core after 2200 BCe, the destruction of taosi in the 
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east around 2000 BCe, and the fall of the Western zhou state in 
China in 771 BCe—all of which were swamped by the continuities 
in the energy capture scores when represented in other formats—
can now be seen quite clearly. furthermore, the post- roman break-
down in the West, which has been minimized by so many scholars 
since the 1960s, now looms even larger.

the lower lines in figure 7.6 also change the shape of the slopes in 
the left- hand part of the graph. rather than being driven exclusively 
by changes in energy capture (above all, the coming of agriculture), 
this version’s greater sensitivity to the other traits lowers the date at 
which the West pulled ahead of the east from circa 12,500 BCe (the 
end of the ice age) to about 7000 BCe, when the first settlements 
with populations of one thousand people (Beidha, Basta, Çatal-
höyük) appeared. the tempo of Western development now seems  
to accelerate around 3500 BCe, with the rise of the first states, and 
accelerates again around 300 BCe, with the roman empire’s unifi-
cation of much of the Mediterranean sea within a single political 
frame work marking another threshold. in between these dates, 
though, the collapses of 2200 and 1200 BCe now stand out clearly 
as sharp interruptions of the trend line, in each case followed by a 
rapid convergence back to the norm.

the shape of the eastern curve in ancient times also changes in 
interesting ways. once again, the coming of agriculture has less im-
pact, and the tempo does not really accelerate until after 4000 BCe, 
when xipo grows to about a thousand residents. the eastern line 
then rises smoothly (with interruptions around 2000, 1600, and 800 
BCe that were all much milder than the West’s great collapses 
around 2200 and 1200 BCe) until about 600 BCe, when the tempo 
of change picks up until about 100 Ce. further comparative re-
search should be able to show whether the smoothness of the east-
ern curve relative to the Western represents historical reality or is 
just a function of our more detailed knowledge of Western archaeol-
ogy and ancient history.

summing the logs of the traits rather than calculating the log of 
the sum of the traits has rather less impact on the shape of the curves 
in the two thousand years Ce, because by this point the scores for 
organization, war making, and information technology are big 
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enough to show up using either method. However, summing the 
logs of the traits does accentuate the scale of the departures from the 
overall trend lines.

one of my aims in Why the West Rules—For Now was to provide 
additional support for the argument that Chinese development did 
not stagnate under the Ming and Qing dynasties. the lower eastern 
line in figure 7.6 makes this even clearer, with the scores between 
1400 and 1800 Ce closely tracking the longer post- Han trend.

summing the logs of the traits also serves to make the explosion 
in Western development between 1400 and 1800 Ce even clearer, 
emphasizing the point that modern Western domination was not 
predicated on a prior “decline of the east”: eastern societies per-
formed well between 1400 and 1800 Ce, but Western ones per-
formed even better. Premodern globalization was driving Western 
social development up just as fast as Mediterraneanization drove up 
roman social development in the last three centuries BCe.6

the lower Western line in figure 7.6 highlights two arguments i 
made in Why the West Rules—For Now. the first was that early 
modern european growth really did have a lot in common with 
roman republican growth, and that seventeenth-  and eighteenth- 
century europeans were quite right to speak of a “battle of ancients 
and moderns” as their social development regained the levels it had 
attained nearly two millennia earlier; and the second was that de-
spite the impressive performance of early- modern europe, truly 
revolutionary changes came only after 1800 Ce, as northwest eu-
ropeans unlocked and applied the energy trapped in fossil fuels.7 
summing the logs of the traits provides a more sensitive visual rep-
resentation of social development than logging the sum of the traits, 
but energy capture remains the foundation of human history.

Culture and soCial develoPMent

i have suggested that one of the major contributions of the social 
development index is that it forces analysts to be explicit. those 
who, like me, think that an index is a valuable tool for describing 
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patterns that need to be explained are forced to spell out in detail 
their evidence and methods. those who disagree, or who think the 
index has been designed or applied incorrectly, are able to see ex-
actly how the index works and to criticize the arguments in detail.8 
neither side of the debate is forced to resort to the kind of vague 
denunciations that became so popular in the neo- evolutionism argu-
ments of the 1980s and 1990s.

in Why the West Rules—For Now i focused on just two regions 
of the world, but the social development index could of course be 
expanded into a genuinely global tool. this, i like to think, could 
make a contribution to some of the longest- running debates in the 
social sciences, such as the relative importance of material and cul-
tural forces in shaping history.

i came down strongly on the materialist side in Why the West 
Rules—For Now, arguing that the striking similarities between east-
ern and Western social development over the past sixteen thousand 
years showed that the cultural peculiarities of the two regions did 
not make much difference. Consistently, i concluded, each age got 
the thought it needed (or perhaps the thought it deserved). at best, 
though, this remains a hypothesis, and a properly global social de-
velopment index would be an obvious way to test it further, treating 
different parts of the world as natural experiments on history.9

the most useful such comparison might be between the old 
and new Worlds, since they experienced little meaningful contact 
between about 10,000 BCe and 1500 Ce. the same is true of eur-
asia and australia, but the new World has another advantage that 
makes comparisons with eurasia fruitful. like the old World and 
unlike australia, the new World had a zone of lucky latitudes con-
taining dense concentrations of domesticable plants and animals at 
the end of the ice age. australia does have a Mediterranean climate 
zone in its southwest, but at the end of the ice age no local equiva-
lents of wheat, barley, rice, corn, potatoes, sheep, goats, pigs, or 
cattle had evolved in them, making domestication and the indige-
nous development of complex societies much more difficult than  
in eurasia.10

if culture really is a dependent variable, we might expect the new 
World’s core areas to have expanded in similar ways to those in the 
old World, generating an equivalent set of advantages of backward-
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ness, paradoxes of development, social collapses, and all the other 
phenomena i described in Why the West Rules—For Now.

extending the social development index to the new World, i sus-
pect, will show that that is precisely what did happen. domestica-
tion came first in the new World’s lucky latitudes, in oaxaca and 
highland Peru. as social development rose in these regions and cit-
ies and states appeared, new cores (e.g., yucatan, the valley of Mex-
ico) emerged alongside the original homelands of domestication. 
figure 7.7, a simple chart showing some of the main cultural transi-
tions in five regions of ancient complex society, reinforces the im-
pression that the original agricultural cores in the old and new 
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Worlds moved largely independently through the same stages of de-
velopment, on roughly the same timetable.

the lag between the beginning of cultivation (i.e., human inter-
vention in the life cycle of plants that produces selective pressures 
leading to plants with unnaturally large seeds) and the beginning of 
domestication (i.e., human intervention that genetically modifies 
plants and animals so much that they turn into new species that can 
survive only with continued human intervention) was typically 
about two millennia in the old World. in the new World it typi-
cally took four millennia, probably because the new World crops 
were less adaptable than those in the old World. turning teosinte 
into corn, for example, requires far more genetic changes than turn-
ing wild wheat, barley, or rice into their domesticated forms.

However, this was partly evened out by a shorter lag between 
domestication and the rise of cities and states in the new World 
(about three millennia) than in the old (three to four millennia). in 
the old World, it took another one and a half to three millennia for 
states such as old Kingdom egypt or shang China to turn into true 
empires, ruling areas of two million- plus square kilometers and 
populations in the multiple tens of millions. in the new World, the 
conquistadors arrived about one and a half millennia after the rise of 
the first true states such as the Moche culture and teotihuacán, cut-
ting off the native american experiment; but by that point inca and 
aztec conquests had produced organizations of roughly the same 
scale as the earliest old World empires. Had they been left alone for 
another millennium, these might well have developed along the 
same lines as old World imperial states.

My impression, as an outsider looking at the new World’s ar-
chaeological record, is that a social development index produced by 
an expert in this material would show that the americas systemati-
cally lagged behind eurasia, in a pattern that fits very nicely with the 
arguments in Why the West Rules—For Now. in energy capture, 
some new World crops outperformed those in the old World, but 
the absence of draft animals in the americas must have severely re-
duced the energy available per capita. the absence of such useful 
animals probably does a lot to explain the limited use of the wheel in 
new World transport, although in eurasia wheelbarrows pushed by 
humans were apparently independently invented in the fifth century 
BCe in Greece and the first century BCe in China.11
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in information technology, systems of recording words and 
numbers came into use along with the first cities and states in both 
the old and new Worlds, but when compared with egyptian or 
Mesopotamian practices around 1500 BCe or Chinese practices 
around 500 BCe, Mesoamerican and andean uses of these technol-
ogies around 1500 Ce seem very limited.12

in war- making capacity, some techniques introduced around the 
time of the first states in the old World (such as fortifications) ap-
pear at equivalent points in the new World, but over the subsequent 
fifteen hundred years did not spread as rapidly in the americas as in 
eurasia. other techniques (such as bronze weapons and armor), 
however, never got established in the americas at all; and, because 
all wild equids that might have evolved into domesticated horses 
disappeared from the americas after the arrival of humans, new 
World armies of course never developed chariots or cavalry.

the fate of the bow and arrow in the old and new Worlds is 
even more interesting. Bows were invented in africa more than 
sixty thousand years ago and then spread all across the old World.13 
By the first millennium BCe powerful compound bows were in use 
in all of the old World’s complex societies and crossbows had been 
invented in China. so far as we can tell, however, the first settlers of 
the americas did not import the bow, and there is no sign that any-
one reinvented it until arrowheads appear in alaska and Canada on 
sites of the arctic small tool tradition around 2300 BCe. these 
weapons then spread very slowly across north america, not reach-
ing Mesoamerica until about 1100 Ce, and never attaining the so-
phistication of old World bows.14

By contrast, city size seems to have increased faster in some parts 
of the new World than in the old. By 500 Ce, teotihuacán had 
probably 100,000– 200,000 residents, making it much bigger than 
any eurasian site had been less than one millennium after the first 
cities appeared in a region. the first old World site to reach the 
lower end of the likely range for teotihuacán was nineveh, around 
700 BCe; the upper end was matched only in the third century BCe, 
by alexandria.

the explanation for these old/new World differences may al-
ready be in hand. in his book Guns, Germs, and Steel, Jared dia-
mond points out that eurasia has enjoyed three major geographical 
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advantages over the americas, which may do much to account for 
eurasia’s lead in what i would call social development.15

first, diamond observes, eurasia had a richer natural resource 
basis than america at the end of the ice age, which made it easier for 
people in southwest and east asia to domesticate plants and animals 
than for people in Mesoamerica or the andes;16 second, most of the 
new World’s potentially domesticable large (i.e., weighing more 
than 100 pounds) mammals were wiped out in the megafauna extinc-
tions that followed fairly swiftly after the initial human colonization 
of the continent;17 and third, even the layout of the continents 
worked against native americans. eurasia runs basically east- west, 
so that ideas, institutions, and practices originating in southwest asia 
could spread thousands of miles to europe or China within the kind 
of unified ecological zone that geographers call a “biome.”18 the 
americas, by contrast, run basically north- south, meaning that ideas, 
institutions, and practices bubbling to the surface in Mesoamerica or 
the andes could circulate only among a small group of people (rela-
tive to the old World) before having to be carried across very differ-
ent biomes.19 Consequently, new World ideas, institutions, and 
practices took longer to appear and much longer to spread.20

Given the small number of continents, it is difficult to test dia-
mond’s claims, although one recent study of linguistic diversity does 
offer at least limited support.21 new World societies certainly had 
unique features, and their combination of precocious (relative to 
old World societies) urbanization and slow adoption of new war- 
making methods and information technology cries out for explana-
tion. extension of the social development index on a global scale 
may make it easier to see whether diamond’s geographical frame-
work can account for the new/old World differences or whether 
we need to grant a major role to cultural factors.

soCial develoPMent and unilinear evolution

“there is little doubt that one of the most vexing issues in cultural 
evolutionary theory is that of unilinear versus multilinear evolu-
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tion,” robert Carneiro concluded toward the end of his survey of 
the field.22

like many such issues, though, much of the vexation has stemmed 
from lack of clarity over what the question means and implicit as-
sumptions about the appropriate level of abstraction.23 to some 
scholars, asking whether social evolution is unilinear seems to mean 
asking whether there is just one path to modernity (and, by exten-
sion, asking whether there is more than one kind of modernity); to 
others, it seems to mean asking more generally whether societies can 
develop in multiple directions (and, by extension, asking whether 
there are so many multiple paths that speaking of development at all 
is a mistake).

the social development index suggests that the answer to the first 
version of the question—whether there is just one path to moder-
nity—is an unequivocal yes. the index reveals not only a very clear 
progression from foragers to farmers to factory workers and be-
yond but also a series of hard ceilings limiting how far development 
could go under each broad form of organization. no foraging soci-
ety has developed much beyond six or seven points on the index; no 
agricultural village society much beyond ten to twelve points; and 
no agrarian empire beyond the low forties. no society has leapt 
from foraging or agricultural villages directly to industrialism with-
out going through the stage of agrarian empires—unless it comes 
under the influence of another society that has already gone through 
these stages; and no society has evolved from pastoral nomadism to 
industrialism without first being conqued by an agrarian empire.

anthropologists, historians, and sociologists have argued end-
lessly over what modernity means,24 but all the societies they cus-
tomarily treat as “modern” have got there through one of the two 
paths described in the last paragraph. in every case, modernity has 
consisted of an explosion in energy capture, provided by an indus-
trial revolution tapping into the power of fossil fuels, followed by 
the application of energy to new walks of life. the debates over 
whether modernity is multiple or singular largely come down to 
disagreements over the most useful level for generalizations about 
these societies.

if we take the unilinear versus multilinear question in the second 
sense—as asking whether societies can develop in multiple direc-
tions—the answer depends heavily on our chronological perspective 
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and where we set the endpoint of our investigation. if we start by 
looking at the world a thousand years ago, we would unequivocally 
conclude that the answer is yes: societies very clearly were develop-
ing in multiple directions, ranging from Kalahari hunters through 
turkic nomads and Mississippian farmers to song dynasty China.

However, culture—which has played an enormous role in argu-
ments in favor of multilinear evolution—has a rather limited role in 
explaining this diversity. Within a given biome, societies tended to 
develop in broadly similar ways. farming took hold in the lucky 
latitudes, and spread outward from there. Pastoralists settled the 
steppes, developing through foot, cart, and mounted stages. Hunt-
ing and gathering dominated environments that could not support 
farming or herding.

once again, the level of abstraction at which we work also shapes 
what we see. lifestyles in (for example) Chinese, indian, arabic, 
Christian, and toltec states certainly differed in all kinds of ways, 
and scholars are perfectly free to choose to emphasize these differ-
ences over their similarities. However, the social development index 
forces us to recognize that the similarities within biomes were real 
and important. the major factor producing multilinear evolution 
was geography, not culture.

that said, if we look at the world in the twenty- first century, we 
might instead conclude that the answer to the question is no: societ-
ies have not developed in multiple directions. for millennia, geogra-
phy pushed development down different paths in different biomes, 
but as social development increased in the world’s lucky latitudes, 
the most developed societies expanded spatially. By 200 BCe, trad-
ers from eurasia’s agrarian empires were moving goods from one 
end of the old World to the other. By 600 Ce, we have concrete evi-
dence of individuals going the whole way from europe to China. By 
1400 Ce, eurasians had ships that could reliably cross any ocean, 
and by 1900 Ce, europeans and their colonists overseas had tied 
almost the whole world into a single economy. Globalization has 
been going on for centuries, and once one society had crossed the 
threshold to fossil fuels it became inevitable that the whole world 
would rapidly become modern.25

Whether we answer yes or no to the question of whether societ-
ies can develop in multiple directions, then, depends entirely on the 
chronological scale we work at. Prehistoric archaeologists and pre-
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modern historians can comfortably say yes, but any perspective that 
includes the twenty- first century forces us to say no.

the social development index, i believe, points toward qualified 
unilinearity. on the one hand, there was only one path to moder-
nity; on the other, it was available only to people living in certain 
places. But on the third hand, once enough people had gone far 
enough down that path, everyone else was dragged down it too.

tHe direCtion of soCial evolution

Biological evolution is often described as a directionless process. in 
a vivid image, the naturalist stephen Jay Gould once suggested that 
if we could somehow replay the tape of life, it is highly unlikely that 
it would again lead to us. “the divine tape player holds a million 
scenarios,” he argued, “each perfectly sensible. little quirks at the 
outset, occurring for no particular reason, unleash cascades of con-
sequences that make a particular future seem inevitable in retrospect. 
But the slightest early nudge contacts a different groove, and history 
veers into another plausible channel. . . . and so, for ourselves, i 
think we can only exclaim, o brave—and improbable—new world, 
that has such people in it!”26

insofar as evolution is the right framework for thinking about 
human societies, we should follow Gould in seeing continuities be-
tween biology and culture, concluding, perhaps, that nothing made 
the pattern of rising social development across the past fifteen thou-
sand years inevitable. the numbers on the index started climbing 
because global warming after 12,700 BCe made rising development 
a successful adaptation. Change the environmental context and you 
change the fitness landscape; what flourished in one setting, such as 
groups with high levels of development, might not have flourished 
in another.

the implication of this argument would seem to be that there is 
no more direction to social evolution than to biological evolution, 
and that a social development index, whatever its descriptive value 
for making sense of the past, has no predictive power. But that might 
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be throwing the baby out with the bathwater. there are in fact very 
obvious and very strong patterns in the history of life, and plenty of 
biologists have concluded that the evolution of animals as intelligent 
as humans—and probably looking something quite like humans—
was so likely that we can call it inevitable.27

Gould himself was willing to concede that despite what he saw as 
the essential randomness of life’s lottery, a “rightward skewing of 
complexity” has been going on fairly steadily throughout the his-
tory of life.28 the history of societies has been punctuated by just as 
many crashes as the history of species, yet it too has, over the past 
fifteen thousand years, seen equally steady rightward skewing. the 
obvious implication of all this history is that—other things being 
equal, and over the long run—we might expect continuing increases 
in social development scores.

in Why the West Rules—For Now,29 i suggested that this is in-
deed the case, and argued that we can get some sense of what might 
happen if we project the social development index’s trends forward 
across the twenty- first century. My projection was very crude, sim-
ply assuming that social development scores in east and West will 
continue to increase in the twenty- first century at the same rate as in 
the twentieth century. if they do this, the eastern score will catch up 
with the Western score in 2103, at which point both regions will 
have reached about five thousand points on the index (figure 7.8).

this argument has attracted broader attention than any other 
part of the book.30 it is highly unlikely that the twenty- first century 
will actually follow the course of this simplistic linear projection, 
but the value of making the projection lies less in whether it comes 
true (virtually no predictions do) than in making us ask how much 
we need to change our assumptions to produce a radically different 
outcome.

Projecting the twentieth century’s index trend lines forward 
across the next century suggests that the “rise of the east” in the past 
fifty years is not a temporary hiccup in the story of Western domi-
nance.31 it is the outcome of a medium- term historical trend, driven 
by changes in the meaning of geography (above all, the effective 
shrinking of the Pacific ocean) that go back more than a century. 
Western governments may be able to manage the shift in wealth and 
power toward the east, and the most sophisticated Western policy 
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forecasters are concentrating on precisely this.32 Blocking or revers-
ing the rise of the east, however, will call for as- yet- unidentified  
developments that will make geography once again change its mean-
ings dramatically and start working to the West’s renewed advantage.

the most significant implication of projecting twentieth- century 
trends forward, though, is that social development will reach five 
thousand points in the next hundred years. Between 14,000 BCe 
and 2000 Ce, development rose by nine hundred points. this took 
humanity from Paleolithic cave paintings to the internet. according 
to the assumptions behind figure 7.8, though, between 2000 and 
2100 Ce development will rise by a further four thousand points; 
and if anything, this may be an underestimate. all the signs in the 
dozen years since the new century began suggest that development 
is increasing exponentially, not just as a linear extension of what the 
last century saw.

once again, the important question to ask is not whether the spe-
cific predictions i discussed in Why the West Rules—For Now will 
come true but what will need to happen to make reality depart so far 
from the assumptions my predictions rested on that social develop-
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ment ends up nowhere near five thousand points in 2100 Ce. Judg-
ing from the shape of the social development curves across the past 
fifteen thousand years, the most plausible answer seems to be a new 
social collapse.

the five- thousand- point scenario assumes that humanity has 
permanently escaped Malthusian constraints, but there is an obvious 
alternative interpretation of post– ice age history: that industrializa-
tion merely pushed these constraints outward. it did so dramati-
cally, increasing the world’s population by an order of magnitude 
and lifting billions out of poverty; but all the same, this reading of 
the index would suggest, industrial societies will face built- in hard 
ceilings, just like the hard ceilings that constrained the growth of 
agrarian societies.

the roman and song agrarian empires faltered and failed when 
their social development rose above forty points, and perhaps mod-
ern societies will encounter a new hard ceiling somewhere between 
one thousand and five thousand points. and if development stag-
nates in a world of ten billion people, unpredictable climate change, 
nuclear proliferation, and rapid, unevenly distributed advances in 
robotic, cyber- , and nano- warfare, the consequences could be even 
more catastrophic than when development stagnated in the agrar-
ian age.

the index implies that the next fifty years will be the most impor-
tant in history.33 if the energy bonanza of the nineteenth and twenti-
eth centuries turns out to have been a one- time deal, the twenty- first 
century promises to be the worst of times for everyone; if, on the 
other hand, the industrial revolution turns out to have been merely 
the first stage of a longer energy revolution, the coming century will 
surely transform humanity out of all recognition. By the 2060s, we 
will probably have found out which way the world is going.

a social development index is not, of course, going to solve any 
of these problems, but it might be a valuable tool for identifying 
some of them. “if superior creatures from space ever visit earth,” 
richard dawkins speculates at the start of his classic work The Self-
ish Gene, “the first question they will ask, in order to assess the level 
of our civilization, is: ‘Have they discovered evolution yet?’”34 and 
when this happens, i suspect that they will be asking about social as 
well as biological evolution.
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notes to CHaPter 7 × 319

 20. see also Peter turchin et al., “east- West orientation of Historical empires 
and Modern nations,” Journal of World Systems Research 12 (2006): 218– 29.

 21. david laitin et al., “Geographic axes and the Persistence of Cultural di-
versity,” Proceedings of the National academy of Sciences 110 (2012): 10.1073/pnas. 
1205338109.

 22. Carneiro, evolutionism, 229.
 23. sanderson, Social evolutionism, 83– 100, trigger, Sociocultural evolution, 

162– 85, and Carneiro, evolutionism, 229– 61, review much of the literature.
 24. the literature is large, but arjun appadurai, Modernity at Large (Min-

neapolis: university of Minnesota Press, 1996), shmuel eisenstadt, ed., Multiple 
Modernities (new york: transaction Books, 1999), and dilip Parameshwar Ga-
onkar, ed., alternative Modernities, 2nd ed. (durham, nC: duke university Press, 
2001) give a flavor of the discussions.

 25. the process is described in marvelous detail in Bayly, Modern World.
 26. stephen Jay Gould, Wonderful Life: The Burgess Shale and the Nature of 

History (new york: norton, 1989), 320– 21.
 27. for example, simon Conway Morris, Life’s Solution: Inevitable Humans 

in a Lonely universe (Cambridge, uK: Cambridge university Press, 2003).
 28. stephen Jay Gould, “the evolution of life on earth,” Scientific american 

271 (1994): 84– 91.
 29. Morris, Why the West Rules, 170– 71, 582– 624.
 30. for example, Hugo scott- Gall, “an interview with . . . Prof. ian Morris,” 

Goldman Sachs Fortnightly Thoughts 23 (december 15, 2010): 5– 7; Jane smiley, 
“Who Cares What a robot thinks? you Will,” Washington Post, January 30, 2011, 
http://www.washingtonpost.com/wp-dyn/content/article/2011/01/28/
ar2011012806988.html; Martin Wolf, “east and West Converge on a Problem,,” 
Financial Times, January 11, 2011, http://www.ft.com/cms/s/0/4f590ec6-1dce-11e0
-badd-00144feab49a.html#axzz1aqlsQCea.

 31. as seems to be assumed in fascinating recent books by niall ferguson 
(Civilization: The West and the Rest [new york: Penguin, 2011]), George friedman 
(The Next Decade: empire and Republic in a Changing World [new york: anchor, 
2011]), and robert Kagan (The World america Made [new york: Knopf, 2012]).

 32. for example, national intelligence Council, Global Trends 2030: alterna-
tive Worlds (Washington, dC: Government Printing office, 2012).

 33. Morris, War! What Is It Good For?, chap. 7.
 34. richard dawkins, The Selfish Gene (oxford: oxford university Press, 

1976), 1.





321

referenCes

abattouy, Mohamed. 2007. L’histoire des sciences arabes classiques: une bibliogra-
phie selective critique. Casablanca: fondation du roi abdul- aziz.

abu- lughod, Janet. 1971. Cairo: 1,001 Years of the City victorious. Prince ton: 
Prince ton university Press.

acemoglu, daron, and James robinson. 2012. Why Nations Fail. new york: 
Crown Books.

adams, John. 1999. “the Poets of Bu njem: language, Culture and the Centuri-
onate.” Journal of Roman Studies 89: 109– 34.

adams, richard n. 1975. energy and Structure: a Theory of Social Power. austin: 
university of texas Press.

adams, robert McC. 1981. Heartland of Cities. Chicago: university of Chicago 
Press.

———. 1996. Paths of Fire: an anthropologist’s Inquiry into Western Technology. 
Prince ton: Prince ton university Press.

———. 2001. “Complexity in archaic states.” Journal of anthropological archae-
ology 20: 345– 60.

adams, thomas. 2008. The army after Next: The First Postindustrial army. stan-
ford: stanford university Press.

adshead, samuel. 2000. China in World History. 3rd ed. london: longmans.
———. 2004. Tang China. london: longmans.
Åkerman, K. 2001. “the ‘aussenhaken area’ in the City of assur during the sec-

ond Half of the seventh Century BC: a study of a neo- assyrian City Quar-
ter and its demography.” State archives of assyria Bulletin 13: 217– 72.

akkermans, Peter, and Glenn schwartz. 2003. The archaeology of Syria. Cam-
bridge, uK: Cambridge university Press.

albanese Procelli, rosa Maria. 2003. Sicani, Siculi, elimi: Forme di identità, modi di 
contatto e processi di trasformazione. Milan: longanesi.

allen, G. C. 1946. a Short economic History of Modern Japan, 1867– 1937. lon-
don: allen & unwin.

allen, robert. 2001. “the Great divergence in european Wages and Prices from 



322 × referenCes

the Middle ages to the first World War.” explorations in economic History 
38: 411– 48.

———. 2006. “agricultural Productivity and rural incomes in england and the 
yangzi delta, c. 1620– c. 1820.” unpublished paper. http://www.nuffield.ox 
.ac.uk/General/Members/allen.aspx.

———. 2007. “Pessimism Preserved: real Wages in the British industrial revolu-
tion.” oxford university department of economics Working Paper 314. 
http://www.nuffield.ox.ac.uk/General/Members/allen.aspx.

———. 2009a. The British Industrial Revolution in Global Perspective. Cambridge, 
uK: Cambridge university Press.

———. 2009b. “How Prosperous Were the romans? evidence from diocletian’s 
Price edict (ad 301).” in Bowman and Wilson, Quantifying the Roman 
economy, 327– 45.

allen, robert, et al. 2011. “Wages, Prices and living standards in China, 1738– 
1925: a Comparison with europe, Japan and india.” economic History Re-
view 64 (supplement): 8– 38, http://www.nuffield.ox.ac.uk/General/Members/
allen.aspx.

allen, robert, tommy Bengtsson, and Martin dribe, eds. 2005. Living Standards 
in the Past: New Perspectives on Well- Being in asia and europe. oxford: ox-
ford university Press.

alperson- afil, n. 2008. “Continual fire- Making by Hominins at Gesher Benot 
ya’aqov, israel.” Quaternary Science Reviews 27: 1733– 39.

alston, richard. 2001. The City in Roman and Byzantine egypt. london: 
routledge.

angeles, luis. 2008. “GdP per Capita or real Wages? Making sense of Conflicting 
views on Pre- industrial europe.” explorations in economic History 45: 
147– 63.

anglim, simon, et al. 2003. Fighting Techniques of the ancient World, 3000 BC– 
aD 500: equipment, Combat Skills, and Tactics. new york: thomas dunne 
Books.

appadurai, arjun. 1996. Modernity at Large. Minneapolis: university of Minne-
sota Press.

aranguren, Biancamaria, et al. 2007. “Grinding flour in upper Palaeolithic eu-
rope (25,000 years BP).” antiquity 81: 845– 55.

araus, José luis, et al. 2001. “estimated Wheat yields during the emergence of 
agriculture Based on the Carbon isotope discrimination of Grains: evidence 
from a 10th Millennium BP site on the euphrates.” Journal of archaeological 
Science 28: 341– 50.

———. 2003. “Productivity in Prehistoric agriculture.” Journal of archaeological 
Science 30: 681– 93.

arlinghaus, franz- Josef, et al., eds. 2006. Transforming the Medieval World: uses 
of Pragmatic Literacy in the Middle ages. turnhout: Brepols.

armelagos, George, and Kristin Harper. 2005. “Genomics at the origins of agri-
culture.” evolutionary anthropology 14: 68– 77, 109– 21.



referenCes × 323

arrighi, Giovanni. 2007. adam Smith in Beijing: Lineages of the Twenty- First Cen-
tury. london: verso.

arrighi, Giovanni, et al., eds. 2003. The Resurgence of east asia: 500, 150, and 50 
Year Perspectives. new york: routledge.

arthur, Paul. 2002. Naples, from Roman Town to City- State. rome: British school 
at rome.

assaf, yasur- landau. 2010. The Philistines and aegean Migration at the end of the 
Late Bronze age. Cambridge, uK: Cambridge university Press.

aston, a. e., and t. Philpin, eds. 1985. The Brenner Debate. Cambridge, uK: 
Cambridge university Press.

atahan, Pia, et al. 2011. “early neolithic diets at Baijian, Wei river valley, China: 
stable Carbon and nitrogen analysis of Human and faunal remains.” Jour-
nal of archaeological Science 38: 2811– 17.

atiyeh, George, ed. 2005. The Book in the Islamic World: The Written Word and 
Communication in the Middle east. edinburgh: edinburgh university Press.

Bachhuber, Christopher, and Gareth roberts, eds. 2009. Forces of Transformation: 
The end of the Bronze age in the Mediterranean. oxford: oxbow.

Bachrach, Bernard. 1972. Merovingian Military organization, 451– 781. Minneap-
olis: university of Minnesota Press.

———. 2001. early Carolingian Warfare: Prelude to empire. Philadelphia: univer-
sity of Pennsylvania Press.

Baeten, Jan, et al. 2012. “faecal Biomarkers and archaeobotanical analyses of sed-
iments from a Public latrine shed new light on ruralisation in sagalassos, 
turkey.” Journal of archaeological Science 39: 1143– 59.

Bagnall, roger. 1993. egypt in Late antiquity. Berkeley: university of California 
Press.

———. 2002. “effects of Plague: Model and evidence.” Journal of Roman archae-
ology 15: 114– 20.

———. 2009. “response to alan Bowman.” in Bowman and Wilson, Quantifying 
the Roman economy, 205– 12.

Bailey, Paul. 1990. Reform the People: Changing attitudes towards Popular educa-
tion in early Twentieth- Century China. vancouver: university of British Co-
lumbia Press.

Bailey, r. 1991. “the Behavioral ecology of efe Pygmy Men in the ituru forest, 
zaire.” university of Michigan Museum of anthropology Paper 86, ann 
arbor.

Bairoch, Paul. 1982. “international industrialization levels from 1705 to 1980.” 
Journal of european economic History 11: 269– 333.

———. 1988. Cities and economic Development: From the Dawn of History to the 
Present. Chicago: university of Chicago Press.

Bak, Per, et al. 1988. “self- organized Criticality.” Physical Review 38: 364– 74.
Balk, alfred. 2005. The Rise of Radio, from Marconi through the Golden age. new 

york: Mcfarland & Co.



324 × referenCes

Bang, Peter fibiger. 2009. The Roman Bazaar: a Comparative Study of Trade and 
Markets in a Tributary empire. Cambridge, uK: Cambridge university Press.

Barfield, thomas. 1989. The Perilous Frontier: Nomadic empires and China, 221 
BC– aD 1757. oxford: Blackwell.

Barker, Graeme. 2006. The agricultural Revolution in Prehistory: Why Did Forag-
ers Become Farmers? oxford: oxford university Press.

Barker, Philip. 1997. The Baths Basilica, Wroxeter. london: english Heritage.
Barnouw, erik. 1990. Tube of Plenty: The evolution of american Television. 2nd 

ed. new york: oxford university Press.
Barrett, James, et al. 2004. “‘dark age economics’ revisited: the english fish 

Bone evidence ad 600– 1600.” antiquity 78: 618– 36.
———. 2011. “interpreting the expansion of sea fishing in Medieval europe using 

stable isotope analysis of archaeological Cod Bones.” Journal of archaeo-
logical Science 38: 1516– 24.

Barrett, t. H. 2008. The Woman Who Discovered Printing. new Haven: yale uni-
versity Press.

Barton, i. M. 1996. Roman Domestic Buildings. exeter: university of exeter Press.
Bar- yosef, ofer. 1986. “the Walls of Jericho: an alternative interpretation.” Cur-

rent anthropology 27: 157– 62.
Bar- yosef, ofer, and françois valla, eds. 1991. The Natufian Culture in the Levant. 

ann arbor, Mi: international Monographs in Prehistory.
Basan, osman aziz. 2010. The Great Seljuqs: a History. london: routledge.
Bass, George. 2010. “Cape Gelidonya shipwreck.” in Cline, oxford Handbook of 

the Bronze age aegean, 797– 803.
Bastid, Marianne. 1988. educational Reform in early Twentieth- Century China. 

ann arbor: university of Michigan Press.
Bayly, Christopher. 2004. The Birth of the Modern World 1789– 1914. oxford: 

Blackwell.
Beal, richard. 1992. The organization of the Hittite Military. Heidelberg: Carl 

Winter.
Beard, Mary, et al. 1991. “literacy in the roman World.” Journal of Roman ar-

chaeology 3 (suppl.).
Bedford, Peter. 2007. “the Persian near east.” in scheidel et al., Cambridge eco-

nomic History, 302– 29.
Beinhocker, eric. 2010. The origin of Wealth: evolution, Complexity, and the 

Radical Remaking of economics. Cambridge, Ma: Harvard Business school.
Bellwood, Peter. 2005. First Farmers. oxford: Blackwell.
Benedictow, ole. 2004. The Black Death 1346– 1353: The Complete History. roch-

ester, ny: Boydell Press, 2004.
Bengtsson, tommy, C. Campbell, and James lee, eds. 2005. Life under Pressure: 

Mortality and Living Standards in europe and asia, 1500– 1700. Cambridge, 
uK: Cambridge university Press.

Benn, Charles. 2002. China’s Golden age: everyday Life under the Tang Dynasty. 
new york: oxford university Press.



referenCes × 325

Bennett, Matthew, et al. 2005. Fighting Techniques of the Medieval World, aD 500– 
1500: equipment, Combat Skills, and Tactics. new york: thomas dunne 
Books.

Bentley, r. alexander, and Herbert Maschner, eds. 2003. Complex Systems and ar-
chaeology. salt lake City: university of utah Press.

Benyon- davies, Paul. 2007. “informatics and the inca.” International Journal of 
Information Management 27: 306– 18.

Beresford, Maurice, and John Hurst. 1991. Wharram Percy: Deserted Medieval vil-
lage. new Haven: yale university Press.

Berg, richard. 2010. Chariots of Fire: Warfare in the Bronze age, 2300– 1200 BC. 
Hanford, Ca: GMt Games.

Berg, richard, and Mark Herman. 1999. Cataphract: The Reconquest of the Roman 
empire. Hanford, Ca: GMt Games.

———. 2004. Devil’s Horsemen: The Mongol War Machine. Hanford, Ca: GMt 
Games.

———. 2008. SPQR: The art of War in the Roman Republic. 3rd ed. Hanford, Ca: 
GMt Games.

Berkey, Jonathan. 1992. The Transmission of Knowledge in Medieval Cairo. Prince-
ton: Prince ton university Press.

Bertaud, Jean- Paul. 1988. The army of the French Revolution. trans. r. r. Palmer. 
Bloomington: indiana university Press.

Biddle, stephen. 2004. Military Power: explaining victory and Defeat in Modern 
Battle. Prince ton: Prince ton university Press.

Bielenstein, Hans. 1976. “lo- yang in the later Han times.” Bulletin of the Mu-
seum of Far eastern antiquities 48: 3– 142.

Binford, lewis. 1971. “Mortuary Practices: their study and their Potential.” in 
James Brown, ed., approaches to the Social Dimensions of Mortuary Practices: 
6– 29. new york: Memoirs of the society for american archaeology 25.

Bintliff, John, et al., eds. 2008. Testing the Hinterland: The Work of the Boeotia 
Survey (1989– 1991) in the Southern approaches to the City of Thespiai. Cam-
bridge, uK: Mcdonald institute.

Bintliff, John, and Hanna stöger, eds. 2009. Medieval and Post- Medieval Greece: 
The Corfu Papers. oxford: British archaeological reports international se-
ries 2023.

Bitelli, G., et al. 2003. The Bologna and Lecce universities Joint archaeological Mis-
sion in egypt: Ten Years of excavation at Bakchias, 1993– 2002. naples: Graus.

Black, Jeremy. 1998. War in the early Modern World, 1450– 1815. london: 
routledge.

———. 2002. european Warfare, 1494– 1660. london: longmans.
———. 2006. Warfare in the eighteenth Century. Washington, dC: smithsonian.
Blackmore, susan. 1999. The Meme Machine. oxford: oxford university Press.
Blackwell, lucinda, et al. 2008. “Middle stone age Bone tools from the Howie-

sons Poort layers, sibudu Cave, south africa.” Journal of archaeological Sci-
ence 35: 1566– 80.



326 × referenCes

Blair, John, and nigel ramsay, eds. 2003. english Medieval Industries: Craftsmen, 
Techniques, Products. london: Hambledon.

Blanton, robert, et al. 1981. ancient Mesoamerica. Cambridge, uK: Cambridge 
university Press.

Boaretto, elisabetta, et al. 2009. “radiocarbon dating of Charcoal and Bone Col-
lagen associated with early Pottery at yuchanyan Cave, Hunan Province, 
China.” Proceedings of the National academy of Sciences 106: 9595– 9600. 
doi:10.1073/pnas.0900539106.

Bocherens, H., et al. 1999. “Paleoenvironmental and Paleodietary implications of 
isotopic Biogeochemistry of last interglacial neanderthal and Mammoth 
Bones in scladina Cane (Belgium).” Journal of archaeological Science 26: 
599– 607.

———. 2001. “new isotopic evidence for dietary Habits of neandertals from Bel-
gium.” Journal of Human evolution 40: 497– 505.

Bodde, derk. 1991. Chinese Thought, Society, and Science: The Intellectual and 
Social Background of Science and Technology in Pre- Modern China. Hono-
lulu: university of Hawaii Press.

Bogaard, a., et al. 2007. “the impact of Manuring on nitrogen isotope ratios in 
Cereals.” Journal of archaeological Science 34: 335– 43.

Boiy, t. 2004. Late achaemenid and Hellenistic Babylon. leuven: orientalia 
lovaniensia analecta 126.

Books, amber, et al. 2008. Fighting Techniques of the oriental World, aD 1200– 
1854: equipment, Combat Skills, and Tactics. new york: thomas dunne 
Books.

———. 2009. Fighting Techniques of Naval Warfare, 1190 BC– Present: Strategy, 
Weapons, Commanders, and Ships. new york: thomas dunne Books.

Boone, elizabeth, and Gary urton, eds. 2011. Their Way of Writing: Scripts, Signs, 
and Pictographies in Pre- Columbia america. Washington, dC: dumbarton 
oaks.

Boot, Max. 2006. War Made New: Technology, Warfare, and the Course of History, 
1500 to Today. new york: Gotham Books.

Boserup, ester. 1965. The Conditions of agricultural Growth. Chicago: aldine.
———. 1981. Population and Technological Change. Chicago: university of Chi-

cago Press.
Bourdieu, Pierre. 1977. outline of a Theory of Practice. trans. richard nice. Cam-

bridge, uK: Cambridge university Press.
Bowden, edgar. 1969. “a dimensional Model of Multilinear sociocultural evolu-

tion.” american anthropologist 67: 864– 70.
Bowles, samuel, and Herbert Gintis. 2011. a Cooperative Species: Human Reci-

procity and Its evolution. Prince ton: Prince ton university Press.
Bowman, alan. 1998. Life and Letters on the Roman Frontier. london: British 

Museum.
———. 2009. “Quantifying egyptian agriculture.” in Bowman and Wilson, Quan-

tifying the Roman economy, 177– 204.



referenCes × 327

Bowman, alan, and andrew Wilson, eds. 2009. Quantifying the Roman economy. 
oxford: oxford university Press.

Bowman, alan, and Gregory Woolf, eds. 1997. Literacy and Power in the ancient 
World. Cambridge, uK: Cambridge university Press.

Boyd, andrew. 1962. Chinese architecture and Town Planning: 1500 BC– aD 
1911. Chicago: university of Chicago Press.

Boyd, Brian. 2010. People and animals in Levantine Prehistory, 10,000– 8000 BC. 
Cambridge, uK: Cambridge university Press.

Boyd, robert, and Peter richerson. 1985. Culture and the evolutionary Process. 
Chicago: university of Chicago Press.

Bradbury, Jim, ed. 2007. The Routledge Companion to Medieval Warfare. london: 
routledge.

Braudel, fernand. 1981. Civilization and Capitalism, 15th– 18th Centuries I: The 
Structures of everyday Life. trans. siân reynolds. new york: Harper and 
row.

Bray, francesca. 1984. Science and Civilisation in China vI: Biology and Biological 
Technology. Part 6: agriculture. Cambridge, uK: Cambridge university Press.

———. 1986. The Rice economy: Technology and Development in asian Societies. 
oxford: oxford university Press.

———. 2001. “the Qimin yaoshu (essential techniques for the Common People).” 
unpublished paper.

Brett, Michael. 2005. “Population and Conversion to islam in egypt in the Mediae-
val Period.” in u. vermeulen and J. van steenbergen, eds., egypt and Syria in 
the Fatimid, ayyubid and Mamluk eras: 4:1– 32. leuven: Peeters.

Brewer, John. 1988. The Sinews of Power: War, Money and the english State, 1688– 
1783. Cambridge, Ma: Harvard university Press.

Brewer, John, and roy Porter, eds. 1993. Consumption and the World of Goods. 
london: routledge.

Briggs, asa, and Peter Burke. 2002. a Social History of the Media: From Gutenberg 
to the Internet. oxford: Blackwell.

Britnell, richard. 1997. Pragmatic Literacy, east and West, 1200– 1330. oxford: 
Boydell.

Brokaw, Cynthia, and Kai- wing Chow, eds. 2005. Printing and Book Culture in 
Late Imperial China. Berkeley: university of California Press.

Brook, timothy. 1998. The Confusions of Pleasure: Commerce and Culture in 
Ming China. Berkeley: university of California Press.

Brown, Peter. 1971. The World of Late antiquity aD 150– 750. london: thames & 
Hudson.

Bruce, robert, et al. 2008. Fighting Techniques of the Napoleonic age, 1792– 1815. 
new york: thomas dunne Books.

Brunk, Gregory. 2002. “Why do societies Collapse? a theory Based on self- 
organized Criticality.” Journal of Theoretical Politics 14: 195– 230.

Buck, John l. 1930. Chinese Farm economy. Chicago: university of Chicago 
Press.



328 × referenCes

———. 1937. Land utilization in China. shanghai: nanjing university Press.
Bussert, James, and Bruce elleman. 2011. People’s Liberation army Navy: Combat 

System Technology, 1949– 2010. annapolis, Md: u.s. naval institute Press.
Buxó, ramon. 2009. “Botanical and archaeological dimensions of the Colonial 

encounter.” in Michael dietler and Caroline lópez- ruiz, eds., Colonial en-
counters in ancient Iberia: 155– 68. Chicago: university of Chicago Press.

Cahill, nicholas. 2002. Household and City organization at olynthus. new 
Haven: yale university Press.

Callot, o. 1983. une maison à ugarit: études d’architecture domestique. Paris: edi-
tions recherché sur les civilisations.

———. 1994. La tranchée “ville sud”: études d’architecture domestique. Paris: edi-
tions recherché sur les civilisations.

Cameron, averil. 1993. The Mediterranean World in Late antiquity aD 395– 600. 
london: routledge.

Campbell, duncan. 2003. Greek and Roman Siege Machinery 399 BC– aD 363. 
oxford: osprey.

Campbell, J. Brian. 1994. The Roman army: a Sourcebook. london: routledge.
Carneiro, robert. 1962. “scale analysis as an instrument for the study of Cultural 

evolution.” Southwestern Journal of anthropology 18: 149– 69.
———. 1967. “on the relationship between size of Population and Complexity of 

social organization.” Southwestern Journal of anthropology 23: 234– 41.
———. 1968. “ascertaining, testing, and interpreting sequences of Cultural de-

velopment.” Southwestern Journal of anthropology 24: 354– 74.
———. 1969. “the Measurement of Cultural development in the ancient near 

east and in anglo- saxon england.” Transactions of the New York academy of 
Sciences Series 2 31: 1013– 23.

———. 1970. “scale analysis, evolutionary sequences, and the rating of Cul-
tures.” in naroll and Cohen, Handbook of Method in Cultural anthropology, 
834– 71.

———. 2003. evolutionism in Cultural anthropology. Boulder, Co: Westview.
Carr, Christopher. 1995. “Mortuary Practices: their social, Philosophical- 

religious, Circumstantial, and Physical determinants.” Journal of archaeo-
logical Method and Theory 2: 105– 200.

Caseldine, C. J., and C. turney. 2010. “the Bigger Picture: towards integrating 
Palaeoclimate and environmental data with a History of societal Change.” 
Journal of Quaternary Science 25: 88– 93.

Cavaciocchi, s., ed. 1997. alimentazione e nutrizione secc. XIII– XvIII. florence: 
le Monnier.

Chambers, f. M., et al. 2007. “Globally synchronous Climate Change 2800 years 
ago: Proxy data from Peat in south america.” earth and Planetary Science 
Letters 253: 439– 44.

———. 2010. “Peatland archives of late- Holocene Climate Change in northern 
europe.” PaGeS News 18: 4– 6.

Chandler, david. 1966. The Campaigns of Napoleon. new york: scribner.



referenCes × 329

Chandler, tertius. 1987. Four Thousand Years of urban Growth: an Historical 
Census. lewiston, ny: st. david’s university Press.

Chandler, tertius, and Gerald fox. 1974. Three Thousand Years of urban Growth. 
new york: academic Press.

Chang, Kwang- chih. 1980. Shang Civilization. new Haven: yale university Press.
———. 1986. The archaeology of ancient China. 4th ed. new Haven: yale univer-

sity Press.
Chang, Kwang- chih, and xu Pingfang, eds. 2005. The Formation of Chinese Civi-

lization: an archaeological Perspective. new Haven: yale university Press.
Chapman, robert. 2003. archaeologies of Complexity. london: routledge.
Chartier, roger, ed. 1989. The Culture of Print. Prince ton: Prince ton university 

Press.
Chase, Kenneth. 2003. Firearms: a Global History to 1700. Cambridge, uK: Cam-

bridge university Press.
Chayanov, a. v. 1986. The Theory of Peasant economy. Madison: university of 

Wisconsin Press.
Cherian, P. J., et al. 2007. “the Muziris Heritage Project: excavations at Patta-

nam—2007.” Journal of Indian ocean archaeology 4: 1– 10.
Cherry, John, et al. 1991. Landscape archaeology as Long- Term History. los an-

geles: Cotsen institute.
Chi, zhang, and Hsiao- chun Hung. 2010. “the emergence of agriculture in 

southern China.” antiquity 84: 11– 25.
Childe, v. Gordon. 1925. The Dawn of european Civilisation. 1st ed. london: 

Kegan Paul.
———. 1936. Man Makes Himself. london: Watts & Co.
———. 1942. What Happened in History. Harmondsworth, uK: Penguin.
———. 1951. Social evolution. london: Watts & Co.
Chivers, C. J. 2010. The Gun. new york: simon & schuster.
Chow, Kai- wing. 2004. Publishing, Culture, and Power in early Modern China. 

stanford: stanford university Press.
Chrisomalis, stephen. 2004. “a Cognitive typology for numerical notation.” 

Cambridge archaeological Journal 14: 37– 52.
———. 2009. “the origins and Co- evolution of literacy and numeracy.” in 

david olson and nancy torrance, eds., The Cambridge Handbook of Liter-
acy: 59– 74. Cambridge, uK: Cambridge university Press.

———. 2010. Numerical Notation: a Comparative History. Cambridge, uK: Cam-
bridge university Press.

Christian, david. 2004. Maps of Time: an Introduction to Big History. Berkeley: 
university of California Press.

Christie, neil. 2006. From Constantine to Charlemagne: an archaeology of Italy, 
aD 300– 800. london: ashgate.

Cipolla, Carlo. 1969. Literacy and Development in the West. Harmondsworth, 
uK: Penguin.



330 × referenCes

———, ed. 1974. The Fontana economic History of europe II: The Sixteenth and 
Seventeenth Centuries. Glasgow: fontana.

———. 1993. europe before the Industrial Revolution: european Society and econ-
omy, 1000– 1700. 3rd ed. london: routledge.

Clanchy, Michael. 1993. From Memory to Written Record: england, 1066– 1307. 
2nd ed. oxford: Blackwell.

Clark, Colin, and Margaret Haswell. 1970. The economics of Subsistence agricul-
ture. london: Macmillan.

Clark, Gregory. 1987. “Productivity Growth without technical Change in euro-
pean agriculture before 1850.” Journal of economic History 47: 419– 32.

———. 2005. “the Condition of the Working Class in england, 1209– 2004.” Jour-
nal of Political economy 113: 1307– 40.

———. 2007a. a Farewell to alms: a Brief economic History of the World. Prince-
ton: Prince ton university Press.

———. 2007b. “Genetically Capitalist? the Malthusian era and the formation of 
Modern Preferences.” http://www.econ.ucdavis.edu/faculty/gclark/papers/
capitalism%20genes.pdf.

Clarke, david. 1978. analytical archaeology. 2nd ed., revised by robert Chapman. 
london: Methuen.

Cleator, P. e. 1967. Weapons of War. london: robert Hale.
Cline, eric. 1994. Sailing the Wine- Dark Sea: International Trade in the aegean 

Late Bronze age. oxford: British archaeological reports international series 
591.

———, ed. 2010. The oxford Handbook of the Bronze age aegean. oxford: ox-
ford university Press.

Clutton- Brock, t. H., ed. 1989. Primate ecology. new york: academic Press.
Coates- stephens, roger. 1996. “Housing in early Medieval rome.” Papers of the 

British School at Rome 64: 239– 59.
Cochrane, Gregory, and Henry Harpending. 2009. The Ten Thousand Year explo-

sion: How Civilization accelerated evolution. new york: Basic Books.
Cohen, Mark nathan, ed. 2009. “rethinking the origins of agriculture.” Current 

anthropology 50 (suppl.).
Cole, Bernard. 2010. The Great Wall at Sea: China’s Navy in the Twenty- First 

Century. 2nd ed. annapolis, Md: u.s. naval institute Press.
Colledge, susan, and James Connolly, eds. 2007. The origins and Spread of Do-

mestic Plants in Southwest asia and europe. Walnut Creek, Ca: altaMira.
Colledge, susan, et al. 2004. “archaeobotanical evidence for the spread of farm-

ing in the eastern Mediterranean.” Current anthropology 45 (suppl.): s35– 
s58.

Connaughton, r. M. 1988. The War of the Rising Sun and Tumbling Bear: a Mili-
tary History of the Russo- Japanese War, 1904– 5. london: routledge.

Contamine, Philip. 1984. War in the Middle ages. trans. Michael Jones. oxford: 
Blackwell.



referenCes × 331

Conway Morris, simon. 2003. Life’s Solution: Inevitable Humans in a Lonely uni-
verse. Cambridge, uK: Cambridge university Press.

Cook, earl. 1971. “the flow of energy in an industrial society.” Scientific ameri-
can 225: 135– 44.

Coon, Carleton. 1948. a Reader in General anthropology. new york: Holt.
Cooper, frederick. 2002. Houses of the Morea: vernacular architecture of the 

Northwest Peloponnese (1205– 1955). athens: Melissa.
Cooper, lisa. 2006. early urbanism on the Syrian euphrates. london: routledge.
Cordy, r. H. 1981. a Theory of Prehistoric Social Change. new york: academic 

Press.
Coulson, William, and sarah vaughan, eds. 2000. Palaeodiet in the aegean. ox-

ford: oxbow.
Crafts, nicholas. 1985. British economic Growth during the Industrial Revolution. 

oxford: Clarendon.
Cressy, david. 1980. Literacy and the Social order: Reading and Writing in Tudor 

and Stuart england. Cambridge, uK: Cambridge university Press.
Crosby, albert. 1994. The Measure of Reality: Quantification and Western Society, 

1250– 1600. Cambridge, uK: Cambridge university Press.
———. 2003. ecological Imperialism. 2nd ed. Cambridge, uK: Cambridge univer-

sity Press.
———. 2006. Children of the Sun: a History of Humanity’s unappeasable appetite 

for energy. new york: norton.
Crummy, P. J. 1981. aspects of anglo- Saxon and Norman Colchester. london: 

Council for British archaeology research report 39; Colchester: Colchester 
archaeological report 1.

———. 1984. excavations at Lion Walk, Balkerne Lane, and Middleborough, Col-
chester, essex. Colchester: Colchester archaeological report 3.

Crump, thomas. 1990. The anthropology of Numbers. Cambridge, uK: Cam-
bridge university Press.

Cucchi, t., et al. 2011. “early neolithic Pig domestication at Jiahu, Henan Prov-
ince, China.” Journal of archaeological Science 38: 11– 22.

Curlee, Wanda, and robert Gordon. 2010. Complexity Theory and Project Man-
agement. new york: Wiley.

dale, stephen. 2010. The Muslim empires of the ottomans, Safavids, and Mughals. 
Cambridge, uK: Cambridge university Press.

dalfes, nüzhet, et al. 1997. Third Millennium BC Climate Change and old World 
Collapse. Berlin: springer.

dallal, ahmed. 2010. Islam, Science, and the Challenge of History. new Haven: 
yale university Press.

darnell, John, and Colleen Manassa. 2007. Tutankhamun’s armies: Battle and 
Conquest during ancient egypt’s Late eighteenth Dynasty. new york: Wiley.

darnton, robert. 1982. “What is the History of Books?” Daedalus 111: 65– 83.
darwin, Charles. 1839. voyages of the adventure and Beagle. vol. 3. london: 

Henry Colburn.



332 × referenCes

daugherty, William, et al. 1986. “the Consequences of ‘limited’ nuclear attacks 
on the united states.” International Security 10 (4): 3– 45.

davies, norman. 1994. europe: a History. new york: oxford university Press.
dawkins, richard. 1976. The Selfish Gene. oxford: oxford university Press.
———. 2007. The God Delusion. new york: Houghton Mifflin Harcourt.
de Callataÿ, françois. 2005. “the Graeco- roman economy in the super- long 

run: lead, Copper, and shipwrecks.” Journal of Roman archaeology 18: 
361– 72.

decker, ethan, et al. 2007. “Global Patterns of City size distributions and their 
fundamental drivers.” PLoS oNe 9. www.plosone.org.

deetz, James. 1996. In Small Things Forgotten. rev. ed. new york: anchor.
de Graeve, Marie- Christine. 1981. The Ships of the ancient Near east, c. 2000– 500 

BC. louvain: department orientalistiek.
de Groot, Gerard. 2005. The Bomb: a Life. Cambridge, Ma: Harvard university 

Press.
delagnes, anne, and William rendu. 2011. “shifts in neanderthal Mobility, tech-

nology and subsistence strategies in Western france.” Journal of archaeologi-
cal Science 38: 1771– 83.

delbrück, Hans. 1920/1975– 85. History of the art of War within the Framework of 
Political History. 4 vols. trans. Walter renfroe. Westport, Ct: Greenwood.

delia, diana. 1989. “the Population of roman alexandria.” Transactions of the 
american Philological association 118: 275– 92.

de long, Bradford, and andrei schleifer. 1993. “Princes and Merchants: european 
City Growth before the industrial revolution.” Journal of Law and econom-
ics 36: 671– 702.

demattè, Paola. 2010. “the origins of Chinese Writing: the neolithic evidence.” 
Cambridge archaeological Journal 20: 211– 28.

dennett, daniel. 2006. Breaking the Spell: Religion as a Natural Phenomenon. 
new york: simon & schuster.

de Pee, Christian. 2010. “Purchase on Power: imperial space and Commercial 
space in song- dynasty Kaifeng, 960– 1127.” Journal of the economic and So-
cial History of the orient 53: 149– 84.

d’errico, francesco, et al. 2012. “technical, elemental and Colorific analysis of an 
engraved ochre fragment from the Msa levels of Klasies river Cave 1, 
south africa.” Journal of archaeological Science 39: 942– 52.

de souza, Philip, ed. 2008. The ancient World at War. london: thames and 
Hudson.

de vleeschouwer, françois. 2007. “atmospheric lead and Heavy Metal Pollution 
records from a Belgian Peat Bog spanning the last 2 Millennia.” Science of 
the Total environment 377: 282– 95.

de vries, Jan. 2009. The Industrious Revolution. Cambridge, uK: Cambridge uni-
versity Press.

de vries, Jan, and ad van der Woude. 1997. The First Modern economy: Success, 
Failure, and Perseverance in the Dutch economy, 1500– 1815. Cambridge, uK: 
Cambridge university Press.



referenCes × 333

diamond, Jared. 1997. Guns, Germs, and Steel: The Fates of Human Societies. new 
york: norton.

diamond, Jared, and James robinson, eds. 2010. Natural experiments of History. 
Cambridge, Ma: Harvard university Press.

dickinson, oliver. 1994. The aegean Bronze age. Cambridge, uK: Cambridge 
university Press.

di Cosmo, nicola. 2002a. ancient China and Its enemies. Cambridge, uK: Cam-
bridge university Press.

———, ed. 2002b. Warfare in Inner asian History. leiden: Brill.
di Cosmo, nicola, et al., eds. 2009a. The Cambridge History of Inner asia: The 

Chingissid age. Cambridge, uK: Cambridge university Press.
di Cosmo, nicola, et al., eds. 2009b. Military Culture in Imperial China. Cam-

bridge, Ma: Harvard university Press.
dien, albert. 1986. “the stirrup and its effect on Chinese Military History.” ars 

orientalis 16: 33– 56.
———. 2007. Six Dynasties Civilization. new Haven: yale university Press.
dietler, Michael. 2007. “the iron age in the Western Mediterranean.” in scheidel 

et al., Cambridge economic History, 242– 76.
djamali, Morteza, et al. 2009. “a late Holocene Pollen record from lake al-

maiou in nW iran.” Journal of archaeological Science 36: 1364– 75.
dols, Michael. 1974. The Black Death in the Middle east. Prince ton: Prince ton 

university Press.
dore, ronald. 1965. education in Tokugawa Japan. london: routledge Kegan 

Paul.
drennan, robert. 1987. “regional demography in Chiefdoms.” in drennan and 

uribe, Chiefdoms in the americas, 307– 23.
drennan, robert, and C. uribe, eds. 1987. Chiefdoms in the americas. lanham, 

Md: university Press of america.
drews, robert. 1988. The Coming of the Greeks. Prince ton: Prince ton university 

Press.
———. 1992. The end of the Bronze age. Prince ton: Prince ton university Press.
drexhage, Hans- Joachim. 1991. Preise, Mieten/Pachten, Kosten und Löhne im rö-

mischen Ägypten. st. Katharinen: scripta Mercaturae verlag.
duchesne, ricardo. 2011. The uniqueness of Western Civilization. leiden: Brill.
duffy, Christopher. 1996. Siege Warfare: The Fortress in the early Modern World, 

1494– 1660. london: routledge.
———. 2006. Fire and Stone: The Science of Fortress Warfare, 1660– 1860. new 

york: Booksales.
duke, Benjamin. 2009. The History of Modern Japanese education: Constructing 

the National School System, 1872– 1890. new Brunswick, nJ: rutgers univer-
sity Press.

duncan- Jones, richard. 1994. Money and Government in the Roman empire. 
Cambridge, uK: Cambridge university Press.

dunnell, robert. 1980. “evolutionary theory and archaeology.” advances in ar-
chaeological Method and Theory 9: 35– 99.



334 × referenCes

———. 1995. “What is it that actually evolves?” in teltser, evolutionary archae-
ology, 33– 50.

dunnigan, James. 2000. The Wargames Handbook: How to Play and Design Com-
mercial and Professional Wargames. 3rd ed. lincoln, ne: iuniverse.

———. 2003. How to Make War: a Comprehensive Guide to Modern Warfare in 
the 21st Century. 4th ed. new york: Quill.

dupuy, trevor nevitt. 1985. Numbers, Predictions and War: The use of History to 
evaluate Combat Factors and Predict the outcomes of Battles. rev. ed. fair-
fax, va: Hero Books.

———. 1992. understanding War: History and Theory of Combat. new york: Par-
agon House.

durham, William. 1991. Coevolution: Genes, Culture, and Human Diversity. stan-
ford: stanford university Press.

dwyer, P. 1983. “etolo Hunting Performance and energetics.” Human ecology 11: 
145– 74.

dyer, Christopher. 1989. Standards of Living in the Later Middle ages: Social 
Change in england c. 1200– 1520. rev. ed. Cambridge, uK: Cambridge uni-
versity Press.

dyer, Christopher, and richard Jones, eds. 2010. Deserted villages Revisited. 
Hertford: university of Hertfordshire Press.

earle, timothy. 1977. “a reappraisal of redistribution.” in timothy earle and J. 
ericson, eds., exchange Systems in Prehistory: 213– 29. new york: academic 
Press.

———. 1987. “Chiefdoms in archaeological and ethnohistorical Perspective.” an-
nual Review of anthropology 16: 279– 308.

eastwood, Warren, et al. 2006. “Holocene Climate Change in the eastern Mediter-
ranean region.” Journal of Quaternary Science 22: 327– 41.

ebrey, Patricia. 1986. “the economic and social History of later Han.” in loewe, 
Cambridge History of China, 608– 48.

economist. 2004. The economist Pocket World in Figures, 2004 edition. london: 
Profile.

eisenstadt, shmuel, ed. 1999. Multiple Modernities. new york: transaction Books.
eisenstein, elizabeth. 1979. The Printing Press as an agent of Change. Cambridge, 

uK: Cambridge university Press.
elleman, Bruce. 2005. Modern Chinese Warfare, 1795– 1989. london: routledge.
ellis, John. 1993. The World War II Databook: The essential Facts and Figures for 

all the Combatants. new york: aurum.
ellis, John, and Michael Cox. 2001. The World War I Databook: The essential Facts 

and Figures for all the Combatants. new york: aurum.
ellis, simon. 2000. Roman Housing. london: duckworth.
elton, Geoffrey, and robert fogel. 1983. Which Road to the Past? new Haven: 

yale university Press.
elton, Hugh. 1996. Warfare in the Roman empire, aD 350– 425. oxford: oxford 

university Press.



referenCes × 335

elvin, Mark. 1973. The Pattern of the Chinese Past. stanford: stanford university 
Press.

ember, Carol, and Melvin ember. 2001. Cross- Cultural Research Methods. Walnut 
Creek, Ca: altaMira.

ember, Melvin. 1997. “evolution of the Human relations area files.” Cross- 
Cultural Research 31: 3– 15.

engels, friedrich. 1884/1972. The origins of the Family, Private Property and the 
State, in the Light of the Researches of Lewis H. Morgan. london: lawrence 
& Wishart.

epstein, Joshua. 1985. The Calculus of Conventional War: Dynamic analysis with-
out Lanchester Theory. Washington, dC: Brookings institution.

erdkamp, Paul, ed. 2007. a Companion to the Roman army. oxford: Wiley- 
Blackwell.

eren, Metin, ed. 2012. Hunter- Gatherer Behavior: Human Response during the 
Younger Dryas. Walnut Creek, Ca: left Coast Press.

erickson, andrew, et al., eds. 2010. China, the united States, and 21st- Century Sea 
Power. annapolis, Md: u.s. naval institute Press.

erickson, edwin. 1972. “other Cultural dimensions: selective rotations of saw-
yer and levine’s factor analysis of the World ethnographic sample.” Behav-
ior Science Notes 7: 95– 155.

esdaile, Charles. 2007. Napoleon’s Wars. new york: Penguin.
evans, david, and Mark Peattie. 1997. Kaigun: Strategy, Tactics, and Technology in 

the Imperial Japanese Navy, 1887– 1941. annapolis, Md: u.s. naval institute 
Press.

everett, daniel. 2005. “Cultural Constraints on Grammar and Cognition in Pirahã: 
another look at the design features of Human language.” Current anthro-
pology 46: 621– 46.

———. 2009. “Pirahã Culture and Grammar: a response to some Criticism.” 
Language 85: 405– 42.

———. 2012. Language: The Cultural Tool. new york: Pantheon.
everett, nicholas. 2010. Literacy in Lombard Italy, c. 568– 774. Cambridge, uK: 

Cambridge university Press.
fagan, Brian. 2012. The First North americans: an archaeological Journey. lon-

don: thames & Hudson.
fain, Janice. 1977. “the lanchester equations and Historical Warfare: an analysis 

of sixty World War ii land engagements.” History, Numbers, and War 1: 
34– 52.

farrokh, Kaveh. 2011. Iran at War, 1500– 1988. oxford: osprey.
fay, Peter Ward. 1997. The opium War, 1840– 1842. 2nd ed. Chapel Hill: univer-

sity of north Carolina Press.
federico, G. 2002. “the World economy 0– 2000 ad: a review article.” euro-

pean Review of economic History 6: 111– 20.
feinman, Gary, and Joyce Marcus, eds. 1998. archaic States. santa fe, nM: school 

of american research.



336 × referenCes

feinman, Gary, and Jill neitzel. 1984. “too Many types: an overview of seden-
tary Prestate societies in the americas.” advances in archaeological Method 
and Theory 7: 39– 102.

ferguson, niall. 2004. Colossus: The Price of america’s empire. new york: 
Penguin.

———. 2007. The War of the World: Twentieth- Century Conflict and the Descent of 
the West. new york: Penguin.

———. 2011. Civilization: The West and the Rest. new york: Penguin.
finkel, i. l., and M. J. seymour, eds. 2009. Babylon. oxford: oxford university 

Press.
finné, Martin, et al. 2011. “Climate in the eastern Mediterranean, and adjacent 

regions, during the Past 6000 years.” Journal of archaeological Science 38: 
3153– 73.

finnegan, ruth. 1988. Literacy and orality. oxford: oxford university Press.
fischer, Claude. 1994. america Calling: a Social History of the Telephone to 1940. 

Berkeley: university of California Press.
fisher, richard. 2010. China’s Military Modernization: Building for Regional and 

Global Reach. stanford: stanford university Press.
flannery, Kent. 1972. “the Cultural evolution of Civilizations.” annual Review 

of ecology and Systematics 3: 399– 426.
fletcher, roland. 1995. The Limits of Settlement Growth. Cambridge, uK: Cam-

bridge university Press.
fodor, Pal. 2009. “ottoman Warfare, 1300– 1453.” in Kate fleet, ed., The Cam-

bridge History of Turkey I: Byzantium to Turkey, 1071– 1453: 192– 226. Cam-
bridge, uK: Cambridge university Press.

fogel, robert. 2004. The escape from Hunger and Premature Death, 1700– 2100. 
Cambridge, uK: Cambridge university Press.

fogel, robert, and stanley engerman. 1974. Time on the Cross: The economics of 
american Negro Slavery. 2 vols. Boston: little, Brown.

food and agriculture organization. 2006. Statistical Yearbook. vol. 2, pt. 1. rome: 
food and agriculture organization of the united nations.

forbes, Hamish. 1976. “‘We Have a little of everything’: the ecological Basis of 
some agricultural Practices in Methana, trizinia.” in M. dimen and ernes-
tine friedl, eds., Regional variation in Modern Greece and Cyprus: 236– 50. 
new york: new york academy of sciences.

———. 1982. “strategies and soils: technology, Production, and environment in 
the Peninsula of Methana, Greece.” Phd dissertation, university of 
Pennsylvania.

forge, andrew. 1972. “normative factors in the settlement size of neolithic Cul-
tivators (new Guinea).” in Peter ucko et al., eds., Man, Settlement and ur-
banism: 363– 76. london: duckworth.

france, John. 2002. “the Composition and raising of Charlemagne’s armies.” 
Journal of Medieval Military History 1: 61– 82.



referenCes × 337

francis, Mark. 2007. Herbert Spencer and the Invention of Modern Life. ithaca, 
ny: Cornell university Press,

francovich, riccardo, and richard Hodges. 2003. From villa to village: The Trans-
formation of the Roman Countryside in Italy, c. 400– 1000. london: 
duckworth.

frank, andre Gunder. 1998. Reorient: Global economy in the asian age. Berke-
ley: university of California Press.

frank, Michael, et al. 2008. “number as a Cognitive technology: evidence from 
Pirahã language and Cognition.” Cognition 108: 819– 24.

freed, Joann. 1985. “san Giovanni di ruoti: Cultural discontinuity between the 
early and late roman empire in southern italy.” in Caroline Malone and 
simon stoddart, eds., Papers in Italian archaeology: 4:179– 93. oxford: British 
archaeological reports international series 246.

freely, John. 2008. Storm on Horseback: The Seljuk Warriors of Turkey. london: 
tauris.

freeman, linton, and robert Winch. 1957. “societal Complexity: an empirical 
test of a typology of societies.” american Journal of Sociology 62: 461– 66.

friday, Karl. 2004. Samurai, Warfare and the State in early Medieval Japan. lon-
don: routledge.

fried, Morton. 1967. The evolution of Political Society: an essay in Political an-
thropology. new york: random House.

friedman, George. 2011. The Next Decade: empire and Republic in a Changing 
World. new york: anchor.

fukuyama, francis. 2011. The origins of Political order: From Prehuman Times to 
the French Revolution. new york: farrar, straus and Giroux.

fulford, Michael. 2009. “approaches to Quantifying roman trade: response.” in 
Bowman and Wilson, Quantifying the Roman economy, 250– 58.

fuller, dorian. 2007. “Contrasting Patterns in Crop domestication and domesti-
cation rates.” annals of Botany 2007: 1– 22.

fuller, dorian, et al. 2007. “Presumed domestication? evidence for Wild rice Cul-
tivation and domestication in the fifth Millennium BC of the lower yangtze 
region.” antiquity 81: 316– 31.

———. 2008. “rice archaeobotany revisited.” antiquity 82 (315). http://www.an
tiquity.ac.uk/projgall/fuller315.

fuller, dorian, and ling Qin. 2008. “immature rice and its archaeobotanical rec-
ognition.” antiquity 82 (316). http://www.antiquity.ac.uk/projgall/fuller316.

fuller, J. f. C. 1957. a Military History of the Western World. 2 vols. new york: 
funk and Wagnall.

furet, françois, and Jacques ozouf. 1982. Reading and Writing: Literacy in France 
from Calvin to Jules Ferry. Cambridge, uK: Cambridge university Press.

Gabriel, richard. 2002. The Great armies of antiquity. new york: Praeger.
Gaddis, John lewis. 2005. The Cold War: a New History. new york: Penguin.
Galor, oded. 2011. unified Growth Theory. Prince ton: Prince ton university Press.



338 × referenCes

Galor, oded, and omer Moav. 2002. “natural selection and the origin of eco-
nomic Growth.” Quarterly Journal of economics 117: 1133– 91.

Gaonkar, dilip Parameshwar, ed. 2001. alternative Modernities. 2nd ed. durham, 
nC: duke university Press.

Garfinkel, yosef, et al. 2006. “the domestication of Water: the neolithic Well at 
sha’ar Hagolan, Jordan valley, israel.” antiquity 80: 686– 96.

———. 2009. “large- scale storage of Grain surplus in the 6th Millennium BC: the 
silos of tel tsaf.” antiquity 83: 309– 25.

Gat, azar. 2006. War in Human Civilization. new york: oxford university Press.
Gates, Charles. 2003. ancient Cities. london: routledge.
Gell- Mann, Murray. 1994. The Quark and the Jaguar. new york: freeman.
Gellner, ernest. 1983. Nations and Nationalism. oxford: Blackwell.
George, a. r. 1993. “Babylon revisited: archaeology and Philology.” antiquity 

67: 734– 46.
Gerring, John. 2001. Social Science Methodology. Cambridge, uK: Cambridge 

university Press.
Giannecchini, M., and J. Moggi- Cecchi. 2008. “stature in archaeological samples 

form Central italy: Methodological issues and diachronic Changes.” ameri-
can Journal of Physical anthropology 135: 284– 92.

Giardina, andrea. 2007. “the transition to late antiquity.” in scheidel et al., 
Cambridge economic History, 743– 68.

Giddens, anthony. 1984. The Constitution of Society: outline of the Theory of 
Structuration. stanford: stanford university Press.

———. 1981/1995. a Contemporary Critique of Historical Materialism. 2nd ed. 
stanford: stanford university Press.

Gilmore, W. 1982. “elementary literacy on the eve of the industrial revolution: 
trends in rural new england, 1760– 1830.” Proceedings of the american an-
tiquarian Society 92: 87– 178.

Glaeser, edward. 2011. The Triumph of the City. new york: Penguin.
Glasstone, s., and P. J. dolan. 1977. The effects of Nuclear Weapons. Washington, 

dC: u.s. department of defense.
Glete, Jan. 2000. Warfare at Sea, 1500– 1650. london: longmans.
Golas, Peter. 1999. Science and Civilisation in China v: Chemistry and Chemical 

Technology. Part 13: Mining. Cambridge, uK: Cambridge university Press.
Goldsmith, r. W. 1984. “an estimate of the size and structure of the national 

Product of the early roman empire.” Review of Income and Wealth 30: 
263– 88.

Goldstone, Jack. 2009. Why europe? The Rise of the West in World History, 1500– 
1850. new york: McGraw- Hill.

Goldsworthy, adrian. 1996. The Roman army at War, 100 BC– aD 200. oxford: 
oxford university Press.

———. 2003. The Complete Roman army. london: thames & Hudson.
Gómez Bellard, Carlos, ed. 2003. ecohistoria del paisaje agrario: La agricultura 

fenicio- púnica en al Mediterráneo. valencia: university of valencia Press.



referenCes × 339

Goody, Jack, ed. 1968. Literacy in Traditional Societies. Cambridge, uK: Cam-
bridge university Press.

———. 1977a. The Domestication of the Savage Mind. Cambridge, uK: Cambridge 
university Press.

———. 1977b. “Mémoire et apprentissage dans les sociétés avec et sans écriture.” 
L’Homme 17: 42– 49.

———. 1987. The Logic of Writing and the organization of Society. Cambridge, 
uK: Cambridge university Press.

———. 1996. The east in the West. Cambridge, uK: Cambridge university Press.
———. 2004. Capitalism and Modernity: The Great Debate. oxford: Polity.
———. 2007. The Theft of History. Cambridge, uK: Cambridge university Press.
———. 2009. The eurasian Miracle. oxford: Polity.
Goody, Jack, and ian Watt. 1963. “the Consequences of literacy.” Comparative 

Studies in Society and History 5: 304– 45.
Gordon, Michael, and Bernard trainor. 2006. Cobra II: The Inside Story of the 

Invasion and occupation of Iraq. new york: vintage.
Goren- inbar, n., et al. 2004. “evidence of Hominin Control of fire at Gesher 

Benot ya’aqov, israel.” Science 204: 725– 27.
Goudsblom, Johan, eric Jones, and stephen Mennell. 1996. The Course of Human 

History: economic Growth, Social Progress, and Civilization. new york: M.e. 
sharpe.

Gould, stephen Jay. 1989. Wonderful Life: The Burgess Shale and the Nature of 
History. new york: norton.

———. 1994. “the evolution of life on earth.” Scientific american 271: 84– 91.
Gowlett, John. 2006. “the early settlement of northern europe: fire History in 

the Context of Climate Change and the social Brain.” Comptes Rendus de 
Palévolution 5: 299– 310.

Graff, david. 2002. Medieval Chinese Warfare, 300– 900. london: routledge.
Graff, david, and robin Higham, eds. 2002. a Military History of China. Boulder, 

Co: Westview.
Graff, Harvey. 1987. The Legacies of Literacy. Bloomington: indiana university 

Press.
Graham, robin, et al. 2007. “nutritious subsistence food systems.” advances in 

agronomy 92: 1– 74.
Graham- Campbell, James, and Magdalena valor, eds. 2006. The archaeology of 

Medieval europe I: The eighth to Twelfth Centuries. aarhus: aarhus uni ver -
sitets forlag.

Granovetter, Mark. 1985. “economic action and social structure: the Problem of 
embeddedness.” american Journal of Sociology 91: 481– 510.

Grayson, donald, and david Meltzer. 2003. “a requiem for north american 
overkill.” Journal of archaeological Science 30: 585– 93.

Grenville, Jane. 1999. Medieval Housing. london: Cassell.
Gress, david. 1998. From Plato to NaTo: The Idea of the West and Its opponents. 

new york: free Press.



340 × referenCes

Griffin, arthur. 2011. “emergence of fusion/fission Cycling and self- organized 
Criticality from a simulation Model of early Complex Polities.” Journal of 
archaeological Science 38: 873– 83.

Grigg, david. 1992. The Transformation of agriculture in the West. oxford: 
Blackwell.

Grimes, W. f. 1968. The excavation of Roman and Medieval London. new york: 
Praeger.

Gundmundsson, Bruce. 1993. on artillery. Westport, Ct: Praeger.
Guo, Qinghua. 2010. The Mingqi Pottery Buildings of Han Dynasty China, 206 

BC– aD 220. eastbourse, uK: sussex university Press.
Gupta, akhil, and James ferguson. 1997. “Culture, Power, Place.” in akhil Gupta 

and James ferguson, eds., Culture, Power, Place: 1– 29. durham, nC: duke 
university Press.

Haines, M., and rick steckel. 2000. Childhood Mortality and Nutritional Status as 
Indicators of Standard of Living. national Bureau of economic research His-
torical Paper 121, Cambridge, Ma.

Haldon, John. 1990. Byzantium in the Seventh Century. Cambridge, uK: Cam-
bridge university Press.

———. 1999. Warfare, State and Society in the Byzantine World, 565– 1204. lon-
don: university College london Press.

———, ed. 2005. General Issues in the Study of Medieval Logistics: Sources, Prob-
lems, Methodologies. leiden: Brill.

———, ed. 2007. Byzantine Warfare. aldershot, uK: ashgate.
———. 2008. The Byzantine Wars. london: History Press.
Halper, stefan. 2010. The Beijing Consensus: How China’s authoritarian Model 

Will Dominate the Twenty- First Century. new york: Basic Books.
Halsall, Guy. 2003. Warfare and Society in the Barbarian West 450– 900. london: 

routledge.
———. 2007. Barbarian Migrations and the Roman West, 367– 568. Cambridge, 

uK: Cambridge university Press.
Halverson, John. 1992. “Goody and the implosion of the literacy thesis.” Man 

n.s. 27: 301– 17.
Hamblin, William. 2006. Warfare in the ancient Near east to 1600 BC. london: 

routledge.
Hamerow, t. 1983. The Birth of a New europe. Chapel Hill: university of north 

Carolina Press.
Hansen, Mogens. 2006. The Shotgun Method: The Demography of the ancient 

Greek City- States. Columbia: university of Missouri Press.
———. 2008. “an update on the shotgun Method.” Greek, Roman, and Byzantine 

Studies 48: 259– 86.
Hanson, victor davis. 1989. The Western Way of War: Infantry Battle in Classical 

Greece. new york: oxford university Press.
———. 2001. Carnage and Culture: Landmark Battles in the Rise of Western 

Power. new york: anchor.



referenCes × 341

Harding, richard. 1999. Seapower and Naval Warfare, 1660– 1830. london: 
longman.

Harries, Meirion, and susie Harries. 1991. Soldiers of the Sun: The Rise and Fall of 
the Imperial Japanese army, 1868– 1945. london: Heinemann.

Harris, Marvin. 1968. The Rise of anthropological Theory. new york: Crowell.
Harris, William. 1989. ancient Literacy. Cambridge, Ma: Harvard university 

Press.
———. 2011. “Bois et déboisment dans la Méditerrannée antique.” annales His-

toires Sciences Sociales 1: 105– 40.
Harrison, neil, ed. 2007. Complexity in World Politics. albany: state university of 

new york Press.
Hartwell, robert. 1962. “a revolution in the Chinese iron and Coal industries 

during the northern sung, 960– 1126 ad.” Journal of asian Studies 21: 
153– 62.

———. 1966. “Markets, technology, and the structure of enterprise in the devel-
opment of the 11th- Century Chinese iron and steel industry.” Journal of eco-
nomic History 26: 29– 58.

———. 1967. “a Cycle of economic Change in imperial China: Coal and iron in 
northeast China, 750– 1350.” Journal of economic and Social History of the 
orient 10: 102– 59.

Harvey, alan. 1989. economic expansion in the Byzantine empire 900– 1200. Cam-
bridge, uK: Cambridge university Press.

Harvey, sarah. 2010. “iron tools from a roman villa at Boscoreale, italy.” ameri-
can Journal of archaeology 114: 697– 714.

Haskins, Charles. 1927/1971. The Renaissance of the Twelfth Century. Cambridge, 
Ma: Harvard university Press.

Hassig, ross. 1992. War and Society in ancient Mesoamerica. Berkeley: university 
of California Press.

Hastings, david. 2009. “filling the Gaps in the Human development index.” 
united nations economic and social Commission for asia and the Pacific 
Working Paper WP/09/02. http://www.unescap.org/publications/detail 
.asp?id=1308.

Hatcher, John. 1993. The History of the British Coal Industry I: Before 1700: To-
wards the age of Coal. oxford: oxford university Press.

Hathaway, Jane. 2008. The arab Lands under ottoman Rule, 1516– 1800. london: 
longmans.

Hawkes, Christopher, and P. J. Crummy. 1995. Camulodunum II. Colchester: 
Colchester archaeological report 11.

Hawkes, Christopher, and M. r. Hull. 1947. Camulodunum I. london: reports of 
the research Committee of the society of antiquaries 14.

Hayami, yujiro. 2001. Development economics: From the Poverty to the Wealth of 
Nations. oxford: oxford university Press.

Heath, ian. 1979. Byzantine armies 886– 1118. oxford: osprey.
———. 1995. Byzantine armies aD 1118– 1461. oxford: osprey.



342 × referenCes

Heath, shirley. 2003. “literacy.” in William frawley, ed., International encyclope-
dia of Linguistics, 2nd ed., 4 vols.: 2:503– 6. new york: oxford university 
Press.

Henry, Chris. 2004. Napoleonic Naval armaments, 1792– 1815. oxford: osprey.
Herbert, sharon, and andrea Berlin. 2003. “excavations at Coptos (Qift) in upper 

egypt, 1987– 1992.” Journal of Roman archaeology 53 (suppl.).
Herman, Mark, and richard Berg. 2006. Caesar: Conquest of Gaul. Hanford, Ca: 

GMt Games.
Hill, donald. 1994. Islamic Science and engineering. edinburgh: edinburgh uni-

versity Press.
Hillman, Gordon, et al. 2001. “new evidence of lateglacial Cereal Cultivation at 

abu Hureyra on the euphrates.” The Holocene 11: 383– 93.
Hobhouse, leonard, et al. 1914. “the Material Culture and social institutions of 

the simpler Peoples.” Sociological Review 7: 203– 31, 332– 68.
Hobson, John. 2004. The eastern origins of Western Civilisation. Cambridge, uK: 

Cambridge university Press.
Hodder, ian. 1982. Symbols in action. Cambridge, uK: Cambridge university 

Press.
———. 2006. The Leopard’s Tale: Revealing the Mysteries of Çatalhöyük. london: 

thames & Hudson.
Hodges, richard, and david Whitehouse. 1983. Mohamed, Charlemagne, and the 

origins of europe. london: duckworth.
Hodkinson, stephen. 1988. “animal Husbandry in the Greek Polis.” in C. r. 

Whittaker ed., Pastoral economies in Classical antiquity. Proceedings of the 
Cambridge Philological Society 14 (suppl.): 35– 73.

Hoepfner, Wolfram, and ernst- ludwig schwandner. 1994. Haus und Stadt im 
klassischen Griechenland. 2nd ed. Munich: deutscher Kunstverlag.

Hoffman, Philip. 2011. review of Morris 2010. Journal of economic History 71: 
545– 47.

Hoffmann- salz, Julia. 2011. Die wirtschaftlichen auswirkungen der römischen er-
oberung: vergleichende untersuchungen der Provinzen Hispania Tarraconen-
sis, africa Proconsularis und Syria. stuttgart: Historia einzelschrift 218.

Hogg, ian. 1992. The New Illustrated encyclopedia of Firearms. new york: 
Booksales.

Holland, John. 1995. Hidden order: How adaptation Builds Complexity. Cam-
bridge, Ma: Perseus Books.

Hollins, david. 2003. austrian Napoleonic artillery, 1792– 1815. london: osprey.
Holstein, e. 1980. Mitteleuropäische eichenchronologie. Mainz: von zabern.
Hong, s., et al. 1996. “a reconstruction of Changes in Copper Production and 

Copper emissions to the atmosphere during the Past 7000 years.” Science of 
the Total environment 188: 183– 93.

Hopkins, Keith. 1978. Conquerors and Slaves. Cambridge, uK: Cambridge uni-
versity Press.

———. 1980. “taxes and trade in the roman empire (200 BC– ad 200).” Journal 
of Roman Studies 70: 101– 25.



referenCes × 343

———. 1983a. “introduction.” in Peter Garnsey, Keith Hopkins, and C. r. Whit-
taker, eds., Trade in the ancient economy: ix– xxv. Cambridge, uK: Cambridge 
university Press.

———. 1983b. “Models, ships and staples.” in Peter Garnsey and C. r. Whittaker, 
eds., Trade and Famine in Classical antiquity: 84– 109. Cambridge, uK: Cam-
bridge university Press.

———. 2002. “rome, taxes, rents and trade.” in Walter scheidel and sitta von 
reden, eds., The ancient economy: 190– 230. edinburgh: edinburgh univer-
sity Press.

———. 2009. “the Political economy of the roman empire.” in Morris and 
scheidel, Dynamics of ancient empires, 178– 204.

Hoskins, W. G. 1953. “the rebuilding of rural england, 1570– 1640.” Past and 
Present 4: 44– 59.

Hourani, albert. a History of the arab Peoples. 2nd ed. new york: Warner, 2003.
Houston, r. a. 1983. “literacy and society in the West, 1500– 1850.” Social His-

tory 8: 269– 93.
———. 1988. Literacy in early Modern europe: Culture and education, 1500– 1800. 

london: longman.
Hsu, Cho- yun. 1965. ancient China in Transition: an analysis of Social Mobility, 

722– 222 BC. stanford: stanford university Press.
———. 1980. Han agriculture: The Formation of the early Chinese agrarian econ-

omy (206 BC– aD 220). seattle: university of Washington Press.
———. 1999. “the spring and autumn Period.” in loewe and shaughnessy, Cam-

bridge History of ancient China, 545– 86.
Hu, yaowu, et al. 2006. “stable isotopic analysis of Human Bones from Jiahu site, 

Henan, China.” Journal of archaeological Science 33: 1319– 30.
———. 2008. “stable isotopic analysis of Humans from xiaojingshan site.” Jour-

nal of archaeological Science 35: 2960– 65.
Huang, Philip. 1985. The Peasant economy and Social Change in North China. 

stanford: stanford university Press.
———. 1990. The Peasant Family and Rural Development in the Lower Yangzi 

Region, 1350– 1988. stanford: stanford university Press.
———. 2002. “development or involution in eighteenth- Century Britain and 

China?” Journal of asian Studies 61: 501– 38.
Huang, ray. 1970. “Military expenditures in sixteenth- Century Ming China.” 

oriens extremus 17: 39– 62.
Hudson, Kenneth. 1979. World Industrial archaeology. Cambridge, uK: Cam-

bridge university Press.
Huffman, James. 2010. Japan in World History. oxford: oxford university Press.
Hunt, edwin, and James Murray. 1999. a History of Business in Medieval europe 

1200– 1550. Cambridge, uK: Cambridge university Press.
ifrah, Georges. 2001. The universal History of Computing: From the abacus to the 

Quantum Computer. new york: Wiley.
ikeguchi, Mamoru. 2007. “the dynamics of agricultural locations in roman 

italy.” Phd dissertation, King’s College london.



344 × referenCes

imber, Colin. 2002. The ottoman empire. london: Palgrave.
insoll, timothy. 1999. The archaeology of Islam. oxford: Blackwell.
international institute for strategic studies. 2001. The Military Balance 2001. lon-

don: routledge.
———. 2009. The Military Balance 2009. london: routledge.
iqbal, Muzaffar. 2009. The Making of Islamic Science. 2nd ed. Kuala lumpur: is-

lamic Book trust.
ireland, Bernard, and eric Grove, eds. 1997. Jane’s War at Sea 1897– 1997. london: 

HarperCollins.
Jacob, Margaret. 1997. Scientific Culture and the Making of the Industrial West. 

new york: oxford university Press.
Jacques, Martin. 2009. When China Rules the World: The Rise of the Middle King-

dom and the end of the Western World. london: allen lane.
Jameson, Michael, et al. 1994. a Greek Countryside: The Southern argolid from 

Prehistory to the Present. stanford: stanford university Press.
Jami, Catherine. 1994. “learning Mathematical sciences during the early and Mid- 

Ch’ing.” in Benjamin elman and alexander Woodside, eds., education and 
Society in Late Imperial China, 1600– 1900: 223– 56. Berkeley: university of 
California Press.

Jansen, Marius. 2000. The Making of Modern Japan. Cambridge, Ma: Harvard 
university Press.

Jiang, lepin, and li liu. 2006. “new evidence for the origins of sedentism and 
rice domestication in the lower yangzi river, China.” antiquity 80: 
355– 61.

Jing, yuan, et al. 2008. “Meat- acquisition Patterns in the neolithic yangzi river 
valley, China.” antiquity 82: 351– 66.

Johnson, allen, and timothy earle. 2000. The evolution of Human Societies: From 
Foraging Group to agriculture. 2nd ed. stanford: stanford university Press.

Johnson, Gregory. 1973. Local exchange and early State Development in South-
west Iran. ann arbor, Mi: Museum of anthropology occasional Papers 51.

Johnson, Matthew. 1996. an archaeology of Capitalism. oxford: Blackwell.
Johnson, William, and Holt Parker, eds. 2009. ancient Literacies: The Culture of 

Reading in Greece and Rome. new york: oxford university Press.
Jones, eric. 2003. The european Miracle: environments, economies and Geopoli-

tics in the History of europe and asia. 3rd ed. Cambridge, uK: Cambridge 
university Press.

Jones, seth. 2009. In the Graveyard of empires: america’s War in afghanistan. 
new york: norton.

Jongman, Willem. 2007a. “the early roman empire: Consumption.” in scheidel 
et al., Cambridge economic History, 592– 618.

———. 2007b. “Gibbon Was right: the decline and fall of the roman economy.” 
in olivier Hekster et al., eds., Crises and the Roman empire: 183– 99. leiden: 
Brill.

———. 2009. “archaeology, demography, and roman economic Growth.” in 
Bowman and Wilson, Quantifying the Roman economy, 115– 26.



referenCes × 345

Jörgensen, Christer, et al. 2006. Fighting Techniques of the early Modern World, 
aD 1500– 1763: equipment, Combat Skills, and Tactics. new york: thomas 
dunne Books.

Jursa, Michael. 2010. “the ancient near east: fiscal regimes, Political struc-
tures.” Paper presented at the Premodern fiscal regimes conference, stanford 
university, May 27.

Kaegi, Walter. 1992. Byzantium and the early Islamic Conquests. Cambridge, uK: 
Cambridge university Press.

———. 2003. Heraclius: emperor of Byzantium. Cambridge, uK: Cambridge uni-
versity Press.

Kaestle, Carl. 1985. “the History of literacy and the History of readers.” Review 
of Research in education 12: 11– 53.

Kagan, robert. 2012. The World america Made. new york: Knopf.
Kaplan, robert. 2005. “How We Would fight China.” The atlantic 295 (5): 

49– 64.
Karetzky, Patricia. 1996. Court art of the Tang. lanham, Md: university Press of 

america.
Katzmaryk, P. t., et al. 2005. “resting Metabolic rate and daily energy expendi-

ture among two indigenous siberian Groups.” american Journal of Human 
Biology 6: 719– 30.

Kedar, Benjamin. 1976. Merchants in Crisis: Genoese and venetian Men of affairs 
and the Fourteenth- Century Depression. new Haven: yale university Press.

Keegan, John. 1993. a History of Warfare. new york: vintage.
Keeley, lawrence. 1996. War Before Civilization. new york: oxford university 

Press.
Keen, Maurice. 1999. Medieval Warfare: a History. oxford: oxford university 

Press.
Keenleyside, anne, et al. 2009. “stable isotopic evidence in a Greek Colonial Pop-

ulation.” Journal of archaeological Science 36: 51– 63.
Keightley, david. 1999. “the shang: China’s first Historical dynasty.” in loewe 

and shaughnessy, Cambridge History of ancient China, 232– 91.
Kemp, Barry. 1989. ancient egypt. Cambridge, uK: Cambridge university Press.
Kennedy, Hugh. 2001. The armies of the Caliphs: Military and Society in the early 

Islamic State. london: routledge.
Kennedy, Paul. 1987. The Rise and Fall of the Great Powers. new york: vintage.
Kern, stephen. 2003. The Culture of Time and Space 1880– 1918. 2nd ed. Cam-

bridge, Ma: Harvard university Press.
Khan, iqtidar alam. 2004. Gunpowder and Firearms: Warfare in Medieval India. 

new delhi: oxford university Press.
Kierman, frank, and John fairbanks, eds. 1974. Chinese Ways in Warfare. Cam-

bridge, Ma: Harvard university Press.
Kieschnick, John. 2003. The Impact of Buddhism on Chinese Material Culture. 

Prince ton: Prince ton university Press.
King, anthony. 1999. “diet in the roman World: a regional inter- site Compari-

son of the Mammal Bones.” Journal of Roman archaeology 12: 168– 202.



346 × referenCes

King, Philip, and lawrence stager. 2001. Life in Biblical Israel. louisville, Ky: 
Westminster John Knox.

Kirch, Patrick. 2010. How Chiefs Become Kings: Divine Kingship and the Rise of 
archaic States in ancient Hawai’i. Berkeley: university of California Press.

Kitchen, andrew, et al. 2010. “Genetic analysis of Human Head and Clothing 
lice indicates an early origin of Clothing use in archaic Hominins.” Paper 
presented at the 79th annual meeting of the american association of Physical 
anthropologists. in abstracts of aaPa Poster and Podium Sessions: 154. 
h t tp : / /physanth .org/annua l -meet ing/2010/79th-annua l -meet -
ing-2010/2010%20aaPa%20abstracts.pdf.

Kitchen, Kenneth. 1986. The Third Intermediate Period (1100– 650 BC) in egypt. 
Warminster, uK: aris & Philips.

Kittler, ralf, et al. 2003. “Molecular evolution of Pediculus humanus and the ori-
gin of Clothing.” Current Biology 13: 1414– 17.

Kleiber, M. 1961. The Fire of Life: an Introduction to animal energetics. new 
york: Wiley.

Klein, richard. 2009. The Human Career. 3rd ed. Chicago: university of Chicago 
Press.

Klein, richard, and Blake edgar. 2002. The Dawn of Human Culture. new york: 
Wiley.

Koepke, nikola, and Joerg Baten. 2005. “agricultural specialization and Height  
in ancient and Medieval europe.” explorations in economic History 45: 127– 
46.

Kornicki, Peter. 2000. The Book in Japan: a Cultural History from the Beginnings 
to the Nineteenth Century. Honolulu: university of Hawaii Press.

Krautheimer, Charles. 1983. Three Christian Capitals: Topography and Politics. 
Rome, Constantinople, Milan. Berkeley: university of California Press.

Kristiansen, Kristian. 2004. “Genes versus agents: a discussion of the Widening 
theoretical Gap in archaeology.” archaeological Dialogues 11: 77– 132.

Kron, Geofrey. 2005. “anthropometry, Physical anthropology, and the recon-
struction of ancient Health, nutrition, and living standards.” Historia 54: 
68– 83.

———. forthcoming. “the use of Housing evidence as a Possible index of social 
equality and Prosperity in Classical Greece and early industrial england.”

Kuhn, dieter. 2009. The age of Confucian Rule: The Song Transformation of 
China. Cambridge, Ma: Harvard university Press.

Kuper, adam. 1983. anthropology and anthropologists. 2nd ed. london: rout-
ledge Kegan Paul.

Kusan, d. 2000. “rapport synthétique sur les recherches archéobotaniques dans le 
sanctuaire d’Héra de l’Île de samos.” Pallas 52: 99– 108.

Kuzmin, yaroslav. 2006. “Chronology of the earliest Pottery in east asia.” antiq-
uity 80: 362– 71.

Kylander, M., et al. 2005. “refining the Preindustrial atmospheric Pb- isotope 
evolution Curve in europe using an 8000 year old Peat Core from nW 
spain.” earth and Planetary Science Letters 240: 467– 85.



referenCes × 347

Kyriakidis, savvas. 2011. Warfare in Late Byzantium, 1204– 1453. leiden: Brill.
laiou, angeliki, ed. 2002. The economic History of Byzantium: From the Seventh 

through the Fifteenth Century. Washington, dC: dumbarton oaks.
laitin, david, et al. 2012. “Geographic axes and the Persistence of Cultural diver-

sity.” Proceedings of the National academy of Sciences 110: 10.1073/pnas. 
1205338109.

lanchester, f. W. 1916. aircraft in Warfare: The Dawn of the Fourth arm. london: 
Constable.

———. 1956. “Mathematics in Warfare.” in James newman, ed., The World of 
Mathematics: 4:2139– 57. new york: simon & schuster.

landes, david. 1983. Revolution in Time: Clocks and the Making of the Modern 
World. Cambridge, Ma: Harvard university Press.

———. 1998. The Wealth and Poverty of Nations. new york: norton.
lanehart, rita, et al. 2011. “dietary adaptation during the longshan Period in 

China: stable isotope analysis at liangchengzhen (southeastern shandong).” 
Journal of archaeological Science 38: 2171– 81.

lapidus, ira. a History of Islamic Societies. 2nd ed. Cambridge, uK: Cambridge 
university Press, 2002.

larsen, Clark. 1995. “Biological Changes in Human Populations with agricul-
ture.” annual Review of anthropology 24: 185– 213.

———. 2006. “the agricultural revolution as environmental Catastrophe.” Qua-
ternary International 150: 12– 20.

lawrence, a. W. 1965. “ancient egyptian fortifications.” Journal of egyptian ar-
chaeology 51: 69– 71.

———. 1996. Greek architecture. 5th ed., revised by r. a. tomlinson. new Haven: 
yale university Press.

lee, a. d. 2007. War in Late antiquity. oxford: Blackwell.
lee, richard. 1979. The !Kung San: Men, Women, and Work in a Foraging Society. 

Cambridge, uK: Cambridge university Press.
lee, thomas. 1985. Government education and examinations in Sung China. 

new york: st. Martin’s.
———. 2000. education in Traditional China: a History. leiden: Brill.
legouilloux, M. 2000. “l’alimentation carnée au ier millenaire avant J.- C. en Grèce 

continentale et dans les Cyclades.” Pallas 52: 69– 95.
leonard, robert. 2001. “evolutionary archaeology.” in ian Hodder, ed., archaeo-

logical Theory Today: 65– 97. oxford: Blackwell.
leonard, W., and M. robertson. 1992. “nutritional requirements in Human evo-

lution: a Bioenergetics approach.” american Journal of Human Biology 4: 
179– 85.

———. 1997. “Comparative Primate energetics and Hominid evolution.” ameri-
can Journal of Physical anthropology 102: 265– 81.

lepingwell, John. 1987. “the laws of Combat? lanchester reexamined.” Inter-
national Security 12 (1): 89– 134.

le roy ladurie, emmanuel. 1966. Les paysans de Languedoc. 2 vols. Paris: 
sevPen.



348 × referenCes

levi, Barbara, et al. 1987– 88. “Civilian Casualties from ‘limited’ nuclear attacks 
on the ussr.” International Security 12 (3): 168– 89.

lewis, Mark. 1990. Sanctioned violence in early China. albany: state university 
of new york Press.

———. 1999a. “Warring states Political History.” in loewe and shaughnessy, 
Cambridge History of ancient China, 587– 650.

———. 1999b. Writing and authority in early China. albany: state university of 
new york Press.

———. 2000. “the Han abolition of universal Military service.” in van de ven, 
Warfare in Chinese History, 33– 76.

———. 2006. The Construction of Space in early China. albany: state university 
of new york Press.

———. 2007. The early Chinese empires: Qin and Han. Cambridge, Ma: Harvard 
university Press.

———. 2009a. China between empires: The Northern and Southern Dynasties. 
Cambridge, Ma: Harvard university Press.

———. 2009b. China’s Cosmopolitan empire: The Tang Dynasty. Cambridge, Ma: 
Harvard university Press.

lewis, M. J. t. 1994. “the origins of the Wheelbarrow.” Technology and Culture 
35: 453– 75.

li, Chungxiang, et al. 2011. “ancient dna analysis of desiccated Wheat Grains 
from a Bronze age Cemetery in xinjiang, China.” Journal of archaeological 
Science 38: 115– 19.

li, feng. 2003. “feudalism and the Western zhou.” Harvard Journal of asiatic 
Studies 63: 115– 44.

———. 2006. Landscape and Power in early China: The Crisis and Fall of the West-
ern zhou 1045– 771 BC. Cambridge, uK: Cambridge university Press.

li, xiating, et al. 1996. art of the Houma Foundry. Prince ton: Prince ton univer-
sity Press.

li, xueqin. 1985. eastern zhou and Qin Civilization. new Haven: yale university 
Press.

littauer, M., and Jan Crouwel. 1981. Wheeled vehicles and Ridden animals in the 
ancient Near east. leiden: Brill.

liu, li. 2004. The Chinese Neolithic. Cambridge, uK: Cambridge university 
Press.

———. 2006. “urbanization in China: erlitou and its Hinterland.” in storey, ur-
banism in the Preindustrial World, 161– 89.

liu, li, and xingcan Chen. 2003. State Formation in early China. london: 
duckworth.

———. 2012. The archaeology of China: From the Late Palaeolithic to the early 
Bronze age. Cambridge, uK: Cambridge university Press.

liu, li, et al. 2007a. “the earliest rice domestication in China.” antiquity 81 
(313). http://www.antiquity.ac.uk/projgall/liu1/index.html.



referenCes × 349

———. 2007b. “evidence for the early Beginning (c. 9000 ca. BP) of rice domesti-
cation: a response.” The Holocene 17: 1059– 68.

———. 2011. “Plant exploitation of the last foragers at shizitan in the Middle 
yellow river valley, China.” Journal of archaeological Science 38: 3524– 32.

———. forthcoming. “a functional analysis of Grinding stones from an early 
Holocene site at donghulin, north China.” Journal of archaeological Science.

liu, shufen. 2001. “Jiankang and the Commercial empire of the southern dynas-
ties.” in scott Pearce et al., eds., Culture and Power in the Reconstitution of 
the Chinese Realm, 200– 600: 35– 52. Cambridge, Ma: Harvard university 
Press.

liu, xinru. 1988. ancient India and ancient China: Trade and Religious ex-
changes, aD 1– 600. delhi: oxford university Press.

———. 1996. Silk and Religion: an exploration of Material Life and the Thought of 
People, aD 600– 1200. delhi: oxford university Press.

liu, xinyi, et al. 2009. “river valleys and foothills: Changing archaeological Per-
ceptions of north China’s earliest farms.” antiquity 83: 82– 95.

lloyd, Christopher. 1986. explanation in Social History. oxford: Blackwell.
lo, Jung- Pang. 1955. “the emergence of China as a sea Power in the late sung 

and early yuan Periods.” Far eastern Quarterly 14: 489– 503.
———. 1958a. “China’s Paddle- Wheel Boats: the Mechanized Craft used in the 

opium War and their Historical Background.” Qinghua Journal of Chinese 
Studies 5: 189– 211.

———. 1958b. “the decline of the early Ming navy.” oriens extremus 5: 
149– 68.

———. 1969. “Maritime Commerce and its relation to the sung navy.” Journal of 
economic and Social History of the orient 12: 57– 101.

lo Cascio, elio. 1997. “Produzione monetaria, finanza pubblica ed economia nel 
principato.” Rivista storica italiana 109: 650– 77.

lo Cascio, elio, and Paolo Malanima. 2011. “ancient and Pre- Modern economies. 
GdP in the roman empire and early Modern europe.” Paper presented at 
the Quantifying long- run economic development conference, venice, March 
21– 25, 2011. http://www.paolomalanima.it/default_file/Papers/anCient 
-Pre-Modern-eConoMies.pdf.

lock, Peter, and Guy sanders, eds. 1996. The archaeology of Medieval Greece. 
oxford: oxbow.

lockridge, K. a. 1974. Literacy in Colonial New england: an Inquiry into the 
Social Context of Literacy in the early Modern West. new york: norton.

loewe, Michael. 1974. “the Campaigns of Han Wu- ti.” in Kierman and fairbanks, 
Chinese Ways in Warfare, 67– 122.

———, ed. 1986. The Cambridge History of China I: The Ch’in and Han empires, 
221 BC– aD 220. Cambridge, uK: Cambridge university Press.

loewe, Michael, and edward shaughnessy, eds. 1999. The Cambridge History of 
ancient China. Cambridge, uK: Cambridge university Press.



350 × referenCes

lombard, Marlize. 2011. “Quartz- tipped arrows older than 60ka: further use- 
trace evidence from sibudu, Kwazulu- natal, south africa.” Journal of ar-
chaeological Science 38: 1918– 30.

loomis, robert. 1998. Wages, Welfare Costs and Inflation in Classical athens. ann 
arbor: university of Michigan Press.

lopez, robert. 1951. “the dollar of the Middle ages.” Journal of economic His-
tory 11: 209– 34.

lorge, Peter. 2005. War, Politics and Society in early Modern China, 900– 1795. 
london: routledge.

———. 2008. The asian Military Revolution: From Gunpowder to the Bomb. Cam-
bridge, uK: Cambridge university Press.

lu, liancheng. 2005. “the eastern zhou and the Growth of regionalism.” in 
Chang and xu, Formation of Chinese Civilization, 203– 47.

lu, liancheng, and yan Wenming. 2005. “society during the three dynasties.” in 
Chang and xu, Formation of Chinese Civilization, 141– 201.

luttwak, edward. 1976. The Grand Strategy of the Roman empire. Baltimore: 
Johns Hopkins university Press.

———. 2009. The Grand Strategy of the Byzantine empire. Cambridge, Ma: Har-
vard university Press.

lynn, John, ed. 1989. Tools of War: Instruments, Ideas, and Institutions of Warfare, 
1445– 1871. urbana: university of illinois Press.

———, ed. 1993. Feeding Mars: Logistics in Western Warfare from the Middle ages 
to the Present. Boulder, Co: Westview.

———. 1997. Giant of the Grand Siècle: The French army, 1610– 1714. Cambridge, 
uK: Cambridge university Press.

———. 1999. The Wars of Louis XIv, 1667– 1714. new york: longman.
lytle, ephraim. 2010. “fish lists in the Wilderness: the social and economic His-

tory of a Boiotian Price decree.” Hesperia 79: 253– 303.
Macdonald, nathan. 2008. What Did the ancient Israelites eat? Grand rapids, 

Mi: eerdmans.
MacMullen, ramsay. 1963. Soldier and Civilian in the Later Roman empire. Cam-

bridge, Ma: Harvard university Press.
———. 1982. “the epigraphic Habit in the roman empire.” american Journal of 

Philology 103: 233– 46.
Maddison, angus. 2003. The World economy: Historical Statistics. Paris: oeCd 

Publishing.
———. 2005. Growth and Interaction in the World economy: The Roots of Moder-

nity. Washington, dC: american enterprise institute Press.
———. 2007a. Chinese economic Performance in the Long Run 960– 2030 aD. 

Paris: oeCd Publishing.
———. 2007b. Contours of the World economy 1– 2030 aD: essays in Macroeco-

nomic History. new york: oxford university Press.
Maisels, Charles. 1990. The emergence of Civilization: From Hunting and Gather-

ing to agriculture, Cities, and the State in the Near east. london: routledge.



referenCes × 351

Makdisi, George. 1981. The Rise of Colleges: Institutions of Learning in Islam and 
the West. edinburgh: edinburgh university Press.

Malanima, Paolo. 2000. “the energy Basis for early Modern Growth, 1650– 1820.” 
in Maarten Prak, ed., early Modern Capitalism: economic and Social Change 
in europe, 1400– 1800: 49– 66. london: routledge.

———. 2007. “Wages, Productivity and Working time in italy 1300– 1913.” Journal 
of european economic History 36: 127– 74.

———. 2010. “the long decline of a leading economy: GdP in Central and 
northern italy, 1300– 1913.” european Review of economic History 15: 
169– 219.

———. 2010– 11. “the Path towards the Modern economy: the role of energy.” 
Rivista di Politica economica (april– June): 1– 30. http://www.paolomalanima
.it/default_file/Papers/enerGy_and_GroWtH.pdf.

———. 2011. “energy Consumption and energy Crisis in the roman World.” 
Paper presented at the american academy in rome, June 15– 16.

Malanima, Paolo, and elio lo Cascio. 2009. “GdP in Pre- Modern agrarian econ-
omies (1– 1820 ad): a revision of the estimates.” Rivista di storia economica 
25: 387– 415.

Mallory, J. P., and victor Mair. 2008. The Tarim Mummies. london: thames & 
Hudson.

Malthus, thomas. 1798. an essay on the Principle of Population. 1st ed. london: P. 
Johnson.

Mango, Cyril. 1985. Le développement urbain de Constantinople (Ive—vIIe siè-
cles). Paris: de Boccard.

Mann, Charles. 2005. 1491: New Revelations of the americas Before Columbus. 
new york: Knopf.

———. 2011. 1493: uncovering the New World Columbus Created. new york: 
Knopf.

Mann, Michael. 1986. The Sources of Social Power I: a History of Power from the 
Beginning to aD 1760. Cambridge, uK: Cambridge university Press.

Manning, J. G., and ian Morris, eds. 2005. The ancient economy: evidence and 
Models. stanford: stanford university Press.

Marcus, Joyce. 1992. Mesoamerican Writing Systems: Propaganda, Myth, and His-
tory in Four ancient Civilizations. Prince ton: Prince ton university Press.

Martinez, ignacio, et al. 2012. “on the origin of language: the atapuerca evi-
dence.” Paper presented at the american association of Physical anthropolo-
gists annual meeting, Portland, or, april 14.

Maschner, Herbert, ed. 1996. Darwinian archaeologies. new york: academic 
Press.

Masood, ehsan. 2009. Science and Islam: a History. london: icon.
Massie, robert. 1993. Dreadnought: Britain, Germany, and the Coming of the 

Great War. new york: Ballantine Books.
May, timothy. The Mongol art of War: Chinggis Khan and the Mongol Military 

System. london: Pen & sword, 2007.



352 × referenCes

Mayewski, P. a., et al. 2005. “Holocene Climate variability.” Quaternary Research 
62: 243– 55.

Maynes, M. J. 1984. Schooling for the People: Comparative Local Studies of School-
ing History in France and Germany, 1750– 1850. london: Holmes and Meier.

Mays, s., and n. Beavan. 2012. “an investigation of diet in early anglo- saxon 
england using Carbon and nitrogen stable isotope analysis of Human Bone 
Collagen.” Journal of archaeological Science 39: 867– 74.

Mazarakis ainian, alexander. 1997. From Rulers’ Dwellings to Temples: architec-
ture, Religion, and Society in early Iron age Greece. Jonsered, sweden: stud-
ies in Mediterranean archaeology.

———. 1998. “skala oropou.” Praktika tis en athinais arkhaiologikis etaireia 
1998: 132– 44.

Mazumdar, sucheta. 1998. Sugar and Society in China: Peasants, Technology, and 
the World Market. Cambridge, Ma: Harvard university Press.

Mazzaoui, Maureen. 1981. The Italian Cotton Industry in the Later Middle ages, 
1100– 1600. Cambridge, uK: Cambridge university Press.

McClellan, thomas. 2006. “early fortifications: the Missing Walls of Jericho.” 
Baghdader Mitteilungen 18: 593– 610.

McCloskey, deirdre. 1994. Knowledge and Persuasion in economics. Cambridge, 
uK: Cambridge university Press.

McCormick, Michael. 2001. origins of the european economy: Communications 
and Commerce, aD 300– 900. Cambridge, uK: Cambridge university Press.

McCormick, Michael, et al. 2013. “Climate Change under the roman empire and 
its successors, 100 BC– 800 ad: a first synthesis Based on Multi- Proxy nat-
ural scientific and Historical evidence.” Journal of Interdisciplinary History 44.

Mcdermott, Joseph. 2006. a Social History of the Chinese Book: Books and Lite-
rati Culture in Late Imperial China. Hong Kong: Hong Kong university 
Press.

Mcenroe, John. 1982. “a typology of Minoan neopalatial Houses.” american 
Journal of archaeology 86: 3– 19.

McGeer, eric. 2008. Sowing the Dragon’s Teeth: Byzantine Warfare in the Tenth 
Century. Washington, dC: dumbarton oaks.

McGillivray, Mark. 1991. “the Human development index: yet another redun-
dant Composite development indicator?” World Development 19: 1461– 68.

McGillivray, Mark, and Howard White. 2006. “Measuring development? the 
undP’s Human development index.” Journal of International Development 
5: 183– 92.

McGuire, randall. 1983. “Breaking down Cultural Complexity.” advances in ar-
chaeological Method and Theory 6: 91– 142.

McKitterick, david. 1998. “the Beginning of Printing.” in Christopher allmand, 
ed., The New Cambridge Medieval History: 7:287– 98. Cambridge, uK: Cam-
bridge university Press.

Mcnab, Chris. 2009. armies of the Napoleonic Wars. london: osprey.



referenCes × 353

Mcnett, Charles. 1970a. “a Cross- Cultural Method for Predicting nonmaterial 
traits in archeology.” Behavior Science Notes 5: 195– 212.

———. 1970b. “a settlement Pattern scale of Cultural Complexity.” in naroll and 
Cohen, Handbook of Method in Cultural anthropology, 872– 86.

———. 1973. “factor analysis of a Cross- Cultural sample.” Behavior Science 
Notes 8: 233– 57.

Mcniven, ian, et al. 2012. “dating aboriginal stone- Walled fishtraps at lake 
Condah, southeast australia.” Journal of archaeological Science 39: 268– 86.

Megaloudi, f., et al. 2007. “Plant offerings from the Classical necropolis of lime-
nas, thasos, north Greece.” antiquity 81: 933– 43.

Meharg, andrew, et al. 2012. “first Comprehensive Peat depositional records for 
tin, lead and Copper association with antiquity of europe’s largest Cas-
siterite deposits.” Journal of archaeological Science 39: 717– 27.

Mesoudi, alex. 2011. Cultural evolution: How Darwinian Theory Can explain 
Human Culture & Synthesize the Social Sciences. Chicago: university of Chi-
cago Press.

Mighall, t. M., et al. 2009. “ancient Copper and lead Pollution records from a 
raised Bog Complex in Central Wales, uK.” Journal of archaeological Science 
36: 1509– 15.

Milanovic, Branko. 2006. “an estimate of average income and inequality in Byz-
antium around the year 1000.” Review of Income and Wealth 52: 449– 70.

Milanovic, Branko, Peter lindert, and Jeffrey Williamson. 2007. Measuring an-
cient Inequality. national Bureau of economic research Working Paper 
13550, Cambridge, Ma.

Miller, david. 1998. The Cold War: a Military History. london: Pimlico.
Miller, John and scott Page. 2007. Complex adaptive Systems: an Introduction to 

Computational Models of Social Life. Prince ton: Prince ton university Press.
Miller, r., et al. 1986. “experimental approaches to ancient near eastern ar-

chery.” World archaeology 18: 178– 95.
Milwright, Marcus. 2010. an Introduction to Islamic archaeology. edinburgh: ed-

inburgh university Press.
Miskimin, Harry. 1969. The economy of early Renaissance europe, 1300– 1460. 

englewood Cliffs, nJ: Prentice Hall.
———. 1977. The economy of Later Renaissance europe, 1460– 1600. Cambridge, 

uK: Cambridge university Press.
Missiou, anna. 2010. Literacy and Democracy in Fifth- Century athens. Cam-

bridge, uK: Cambridge university Press.
Mitch, david. 1992. The Rise of Popular Literacy in victorian england. Philadel-

phia: university of Pennsylvania Press.
Mithen, steven. 2003. after the Ice: a Global Human History 20,000– 5000 BC. 

Cambridge, Ma: Harvard university Press.
Moeller, nadine. 2006. “the first intermediate Period: a time of famine and Cli-

mate Change?” Ägypten und Levante 15: 153– 67.



354 × referenCes

Mokyr, Joel. 2010. The enlightened economy: an economic History of Britain, 
1700– 1850. new Haven: yale university Press.

Monson, andrew. 2012. From the Ptolemies to the Romans: Political and economic 
Change in egypt. Cambridge, uK: Cambridge university Press.

Moore, andrew, et al. 2000. village on the euphrates. new york: oxford univer-
sity Press.

Morel, Jean- Paul. 2007. “early rome and italy.” in scheidel et al., Cambridge eco-
nomic History, 487– 510.

Morgan, lewis Henry. 1877/1974. ancient Society, or Researches in the Lines of 
Human Progress from Savagery through Barbarism to Civilisation. Glouces-
ter, Ma: Peter smith.

Morley, neville. 1996. Metropolis and Hinterland: The City of Rome and the Ital-
ian economy, 200 BC– aD 200. Cambridge, uK: Cambridge university Press.

Morowitz, Harold. 2002. The emergence of everything: How the World Became 
Complex. new york: oxford university Press.

Morris, ellen fowler. 2005. The architecture of Imperialism: Military Bases and 
the evolution of Foreign Policy in egypt’s New Kingdom. leiden: Brill.

Morris, ian. 1986. “Gift and Commodity in archaic Greece.” Man 21: 1– 17.
———. 1987. Burial and ancient Society: The Rise of the Greek City- State. Cam-

bridge, uK: Cambridge university Press.
———. 1991. “the early Polis as City and state.” in John rich and andrew 

Wallace- Hadrill, eds., City and Country in the ancient World: 24– 57. london: 
routledge.

———. 1992. Death- Ritual and Social Structure in Classical antiquity. Cambridge, 
uK: Cambridge university Press.

———. 1997. “an archaeology of equalities? the Greek City- states.” in tom 
Charlton and deborah nichols, eds., The archaeology of City- States: 91– 105. 
Washington, dC: smithsonian institution.

———. 2000. archaeology as Cultural History: Words and Things in Iron age 
Greece. oxford: Blackwell.

———. 2003. “Mediterraneanization.” Mediterranean Historical Review 18: 30– 
55.

———. 2004. “economic Growth in ancient Greece.” Journal of Institutional and 
Theoretical economics 160: 709– 42.

———. 2005. “archaeology, standards of living, and Greek economic History.” 
in Manning and Morris, ancient economy, 91– 126.

———. 2006. “the Growth of Greek Cities in the first Millennium BC.” in storey, 
urbanism in the Preindustrial World, 26– 51.

———. 2007. “early iron age Greece.” in scheidel et al., Cambridge economic 
History, 211– 41.

———. 2009. “the Greater athenian state.” in Morris and scheidel, Dynamics of 
ancient empires, 99– 177.

———. 2010. Why the West Rules—For Now: The Patterns of History, and What 
They Reveal about the Future. new york: farrar, straus and Giroux.



referenCes × 355

———. forthcoming. War! What Is It Good For? new york: farrar, straus and 
Giroux.

Morris, ian, et al. 2007. “introduction.” in scheidel et al., Cambridge economic 
History, 1– 12.

Morris, ian, and Walter scheidel, eds. 2009. The Dynamics of ancient empires: 
State Power from assyria to Byzantium. new york: oxford university Press.

Morris, sarah. 1992. Daidalos and the origins of Greek art. Prince ton: Prince ton 
university Press.

Mote, frederick. 1977. “the transformation of nanking, 1350– 1400.” in skinner, 
City in Late Imperial China, 101– 54.

———. 1999. Imperial China, 900– 1800. Berkeley: university of California Press.
Mrozowski, stephen. 2006. The archaeology of Class in urban america. Cam-

bridge, uK: Cambridge university Press.
Müldner, Gundula, and M. P. richards. 2005. “fast or feast: reconstructing diet 

in later Medieval england by stable isotope analysis.” Journal of archaeo-
logical Science 32: 39– 48.

———. 2007. “stable isotope evidence for 1500 years of Human diet at the City of 
york, uK.” american Journal of Physical anthropology 133: 682– 97.

Murdock, George, and Caterina Provost. 1973. “Measurement of Cultural Com-
plexity.” ethnology 12: 379– 92.

Murphey, rhoads. 1977. The outsiders: The Western experience in India and 
China. ann arbor: university of Michigan Press.

———. 1999. ottoman Warfare 1500– 1700. london: routledge.
Murray, sarah. forthcoming. “imports, trade, and society in early Greece.” Phd 

dissertation, stanford university.
Mutschler, fritz- Heiner, and achim Mittag, eds. 2009. Conceiving the empire: 

China and Rome Compared. new york: oxford university Press.
nadel, d. 1996. “the organisation of space in a fisher- Hunter- Gatherers’ Camp 

at ohalo ii, israel.” in M. otte, ed., Nature et culture: 373– 88. liège: univer-
sité de liège.

nagl, John. 2005. Learning to eat Soup with a Knife: Counterinsurgency Lessons 
from Malaya and vietnam. updated ed. Chicago: university of Chicago 
Press.

naroll, raoul. 1956. “a Preliminary index of social development.” american an-
thropologist 58: 687– 715.

———. 1970. “the Culture- Bearing unit in Cross- Cultural surveys.” in naroll 
and Cohen, Handbook of Method in Cultural anthropology, 721– 65.

naroll, raoul, and ronald Cohen, eds. 1970. a Handbook of Method in Cultural 
anthropology. Garden City, ny: natural History Press.

national intelligence Council. 2012. Global Trends 2030: alternative Worlds. 
Washington, dC: Government Printing office.

neal, d., et al. 1990. excavations of the Iron age, Roman, and Mediaeval Settle-
ment at Gorhambury, St. albans. london: HBMC.



356 × referenCes

needham, Joseph. 1971. Science and Civilisation in China Iv Part 3: Civil engi-
neering and Nautics. Cambridge, uK: Cambridge university Press.

needham, Joseph, and robin yates. 1994. Science and Civilisation in China v: 
Chemistry and Chemical Technology. Part 6: Military Technology: Missiles and 
Sieges. Cambridge, uK: Cambridge university Press.

netz, reviel. 2002. “Counter- Culture: towards a History of Greek numeracy.” 
History of Science 40: 321– 52.

———. 2011. “the Bibliosphere of ancient science (outside of alexandria).” 
NTM zeitschrift für Geschichte der Wissenschaften, Technik und Medizin 19: 
239– 69.

———. forthcoming. Space, Scale, Canon: Parameters of ancient Literary Culture.
nevett, lisa. 2000. “a real estate ‘Market’ in Classical Greece? the example of 

town Housing.” annual of the British School at athens 95: 329– 44.
nevins, andrew, et al. 2009a. “evidence and argumentation: a reply to everett.” 

Language 85: 671– 81.
———. 2009b. “Pirahã exceptionality: a reassessment.” Language 85: 355– 404.
nicolle, david. 1992. Romano- Byzantine armies 4th– 9th Centuries. oxford: 

osprey.
———, ed. 2002. a Companion to Medieval arms and armour. Woodridge, uK: 

Boydell and Brewer.
nieboer, Hans J. 1910. Slavery as an Industrial System. the Hague: nyhoff.
nienhauser, William. 1994. The Grand Scribe’s Records vII: Memoirs of Pre- Han 

China. Bloomington: indiana university Press.
nims, C. f. 1965. Thebes of the Pharaohs: Pattern for every City. london: elek 

Books.
nishijima, sadao. 1986. “the economic and social History of former Han.” in 

loewe, Cambridge History of China, 551– 607.
nissen, Hans. 1988. The early History of the ancient Near east, 9000– 2000 BC. 

Chicago: university of Chicago Press.
niven, laura. 2006. The Palaeolithic occupation of vogelherd Cave: Implications 

for the Subsistence Behaviour of Late Neanderthals and early Modern Hu-
mans. tübingen: Kerns.

norman, Jeremy, ed. 2005. From Gutenberg to the Internet: a Sourcebook on the 
History of Information Technology. novato, Ca: Historyofscience.com.

norris, robert, and Hans Kristensen. 2006. “Global nuclear stockpiles, 1945– 
2006.” Bulletin of the atomic Scientists 62 (4): 64– 67.

north, douglass. 1981. Structure and Change in economic History. new york: 
norton.

north, douglass, et al. 2009. violence and Social orders: a Conceptual Framework 
for Interpreting Recorded Human History. Cambridge, uK: Cambridge uni-
versity Press.

north, richard. 2009. Ministry of Defeat: The British War in Iraq, 2003– 2009. 
london: Continuum.

nosworthy, Brent. 1990. The anatomy of victory: Battle Tactics, 1689– 1763. new 
york: Hippocrene Books.



referenCes × 357

oates, david, et al. forthcoming. excavations at Tell Brak III: The uruk and 
ubaid Periods. Cambridge, uK: Mcdonald institute.

oates, Joan. 1979. Babylon. london: thames & Hudson.
ober, Josiah. 2008. Democracy and Knowledge: Innovation and Learning in Clas-

sical athens. Prince ton: Prince ton university Press.
———. 2010. “Wealthy Hellas.” Transactions of the american Philological associa-

tion 140: 241– 86.
o’Keefe, tadhag, ed. 2008. The archaeology of Medieval europe II: Twelfth to 

Sixteenth Centuries. london: university College london.
ong, Walter J. 1982. orality and Literacy. london.
osborne, roger. 2008. Civilization: a New History of the Western World. new 

york: Pegasus.
Packer, George. 2005. The assassin’s Gate: america in Iraq. new york: farrar, 

straus and Giroux.
Pader, ellen Jane. 1982. Symbolism, Social Relations and the Interpretation of Mor-

tuary Remains. oxford: British archaeological reports.
Page, scott. 2010. Diversity and Complexity. Prince ton: Prince ton university 

Press.
Paine, s. C. M. 2003. The Sino- Japanese War of 1894– 1895. Cambridge, uK: Cam-

bridge university Press.
Pamuk, sevket. 2007. “the Black death and the origins of the ‘Great divergence’ 

across europe, 1300– 1600.” european Review of economic History 11: 
289– 317.

Panella, C., and a. tchernia. 1994. “Produits agricoles transportés en amphores: 
l’huile et surtout le vin.” in L’Italie d’auguste à Dioclétian: 145– 65. rome: 
École française à rome.

Park, Jang- sik, et al. 2007. “transition in Cast iron technology of the nomads of 
Mongolia.” Journal of archaeological Science 34: 1187– 96.

———. 2008. “a technological transition in Mongolia evident in Microstructure, 
Chemical Composition, and radiocarbon age of Cast iron artifacts.” Journal 
of archaeological Science 35: 2465– 70.

Park, Jang- sik, and thilo rehren. 2011. “large- scale 2nd to 3rd Century ad 
Bloomery iron smelting in Korea.” Journal of archaeological Science 38: 
1180– 90.

Parker, a. J. 1992. ancient Shipwrecks of the Mediterranean and Roman Provinces. 
oxford: British archaeological reports.

———. 2008. “artifact distributions and Wreck locations: the archaeology of 
roman Commerce.” in robert Hohlfelder, ed., The Maritime World of an-
cient Rome: 6:177– 96. ann arbor, Mi: Memoirs of the american academy in 
rome.

Parker, Geoffrey. 1988/1996. The Military Revolution: Military Innovation and the 
Rise of the West, 1500– 1800. 2nd ed. Cambridge, uK: Cambridge university 
Press.

———, ed. 2005. The Cambridge History of Warfare. Cambridge, uK: Cambridge 
university Press.



358 × referenCes

Parker Pearson, Michael. 1982. “Mortuary Practices, society and ideology.” in ian 
Hodder, ed., Symbolic and Structural archaeology: 99– 113. Cambridge, uK: 
Cambridge university Press.

Parkinson, William, and Michael Galaty, eds. 2010. archaic State Interaction: The 
eastern Mediterranean in the Bronze age. santa fe: school for american 
research.

Parsons, talcott. 1964. “evolutionary universals in society.” american Sociologi-
cal Review 29: 339– 57.

———. 1966. Societies: evolutionary and Comparative Perspectives. englewood 
Cliffs, nJ: Prentice Hall.

———. 1971. The System of Modern Societies. englewood Cliffs, nJ: Prentice Hall.
Paterson, John. 1982. “‘salvation from the sea’: amphorae and trade in the roman 

World.” Journal of Roman Studies 72: 146– 57.
Pattison, r. 1982. on Literacy: The Politics of the Word from Homer to the age of 

Rock. oxford: oxford university Press.
Peace, William. 1988. “vere Gordon Childe and american anthropology.” Journal 

of anthropological Research 44: 417– 33.
Peacock, d. P. s., and dyfri Williams. 1986. amphorae and the Roman economy. 

london: longman.
Peebles, Christopher, and susan Kus. 1977. “some archaeological Correlates of 

ranked societies.” american antiquity 42: 421– 48.
Peña, theodore. 2007. Roman Pottery in the archaeological Record. Cambridge, 

uK: Cambridge university Press.
Perdue, Peter. 2005. China Marches West: The Qing Conquest of Central eurasia. 

Cambridge, Ma: Harvard university Press.
Peregrine, Peter, and Melvin ember, eds. 2001– 3. encyclopedia of Prehistory. 9 vols. 

new york: Kluwer/Plenum.
Perkins, dwight. 1969. agricultural Development in China, 1368– 1968. Chicago: 

aldine.
Perla, Peter. 1990. The art of Wargaming: a Guide for Professionals and Hobbyists. 

annapolis, Md: u.s. naval institute Press.
Peterson, Christian, and Gideon shelach. 2012. “Jiangzhai: social and economic 

organization of a Middle neolithic Chinese village.” Journal of archaeologi-
cal Science 31: 265– 301.

Petrucci, armando. 1992. “Scriptores in urbibus”: alfabetismo e cultura scritta 
nell’Italia altomediovale. Bologna: Mulino.

Philip, Graham. 1989. Metal Weapons of the early and Middle Bronze ages in 
Syria- Palestine. oxford: British archaeological reports.

Picornell Gelabert, llorenç, et al. 2011. “the ethnoarchaeology of firewood Man-
agement in the fang villages of equatorial Guinea, Central africa: implica-
tions for the interpretation of Wood fuel remains from archaeological sites.” 
Journal of anthropological archaeology 30: 375– 84.

Piggott, stuart. 1983. The earliest Wheeled Transport. london: thames & Hudson.
Pinker, steven. 2002. The Blank Slate: The Modern Denial of Human Nature. new 

york: viking.



referenCes × 359

———. 2011. The Better angels of our Nature: Why violence Has Declined. new 
york: Penguin.

Pollard, elizabeth. 2008. “Placing Greco- roman History in World Historical 
Context.” Classical World 102: 53– 68.

Pollock, susan. 1999. ancient Mesopotamia. Cambridge, uK: Cambridge univer-
sity Press.

Pomeranz, Kenneth. 2000. The Great Divergence: China, europe, and the Making 
of the Modern World economy. Prince ton: Prince ton university Press.

———. 2011. “How Big should Historians think? a review essay on Why the 
West Rules—For Now by ian Morris.” Cliodynamics 2: 304– 29.

Porter, anne. 2012. Mobile Pastoralism and the Formation of Near eastern Civili-
zations: Weaving Together Society. Cambridge, uK: Cambridge university 
Press.

Postgate, nicholas. 1994a. early Mesopotamia. london: routledge.
———. 1994b. “How Many sumerians per Hectare? Probing the anatomy of an 

early City.” Cambridge archaeological Journal 4: 47– 65.
Potts, daniel t. 1999. The archaeology of elam. Cambridge, uK: Cambridge uni-

versity Press.
Powell, Barry. 2009. Writing: Theory and History of the Technology of Civilization. 

oxford: Blackwell.
Preece, r., et al. 2006. “Humans in the Hoxnian: Habitat, Context and fire use at 

Beeches Pit, West stow, suffolk, uK.” Journal of Quaternary Science 21: 
485– 96.

Prendergast, Mary, et al. 2009. “resource intensification in the late upper Paleo-
lithic: a view from southern China.” Journal of archaeological Science 36: 
1027– 37.

Prieto, albert, and Joseph Carter. 2003. Living off the Chora: Food and Diet in 
ancient Pantanello. austin, tx: institute for Classical archaeology.

Pryce, Huw, ed. 2006. Literacy in Medieval Celtic Societies. oxford: oxford uni-
versity Press.

Pulak, Cemal. 2010. “uluburun shipwreck.” in Cline, oxford Handbook of the 
Bronze age aegean, 862– 76.

Py, Michel. 1993. Les Gaulois du Midi: de la fin du l’âge du bronze à la conquête 
romaine. Paris: Hachette.

raaflaub, Kurt, and nathan rosenstein, eds. 1999. War and Society in the ancient 
and Medieval Worlds. Cambridge, Ma: Center for Hellenic studies.

radcliffe- Brown, arthur. 1936/1957. a Natural Science of Society. Glencoe, il: 
free Press.

rathbone, dominic. 1996. “Monetisation, not Price- inflation, in third- Century 
ad egypt?” in C. e. King and d. G. Wigg, eds., Coin Finds and Coin use in 
the Roman World: 321– 39. Berlin: Mann verlag.

———. 1997. “Prices and Price formation in roman egypt.” in Jean andreau et 
al., eds., Prix et formation des prix dans les économies antiques: 183– 244. saint- 
Bertrand- des- Comminges: Musée archéologique.

———. 2006. “the ‘Muziris’ Papyrus (sB xviii 13167): financing roman trade 



360 × referenCes

with india.” in alexandrian Studies II in Honour of Mostafa el abbadi. Bul-
letin de la société d’archéologie d’alexandrie 46: 39– 50.

———. 2009. “earnings and Costs: living standards in the roman economy (i– iii 
c. ad).” in Bowman and Wilson, Quantifying the Roman economy, 299– 
326.

rawski, evelyn. 1978. education and Popular Literacy in Ch’ing China. ann 
arbor: university of Michigan Press.

rawson, Jessica. 1988. “a Bronze- Casting revolution in the Western zhou and its 
influence on the Provincial industries.” in robert Maddin, ed., The Beginning 
of the use of Metals and alloys: 228– 38. Cambridge, Ma: Mit Press.

———. 1999. “Western zhou archaeology.” in loewe and shaughnessy, Cam-
bridge History of ancient China, 352– 449.

ray, debraj. 1998. Development economics. Prince ton: Prince ton university Press.
razeto, anna. 2011. “imperial structures and urban forms: a Comparative study 

of Capital Cities in the roman and Han empires.” Phd thesis, university 
College london.

reitsema, laurie, et al. 2010. “Preliminary evidence for Medieval Polish diet from 
Carbon and nitrogen stable isotopes.” Journal of archaeological Science 37: 
1413– 23.

renfrew, Colin. 1973. “Monuments, Mobilization and social organization in 
neolithic Wessex.” in Colin renfrew, ed., The explanation of Culture Change: 
539– 58. london: duckworth.

renson, v., et al. 2008. “roman road Pollution assessed by elemental and lead 
isotope Geochemistry in Belgium.” applied Geochemistry 23: 3253– 66.

reuther, oskar. 1926. Die Innenstadt von Babylon (Merkes). leipzig: Hinrichs.
richards, Michael, et al. 2000. “neanderthal diet at vindija and neanderthal Pre-

dation: the evidence from stable isotopes.” Proceedings of the National 
academy of Sciences 97: 7663– 66.

———. 2008. “isotopic dietary analysis of a neanderthal and associated fauna 
from the site of Jonzac (Charante- Maritime), france.” Journal of Human 
evolution 55: 179– 85.

richards, Michael, and ralf schmitz. 2009. “isotopic evidence for the diet of the 
neanderthal type specimen.” antiquity 82: 553– 59.

richerson, Peter, and robert Boyd. 2000. “Complex societies: the evolutionary 
dynamics of a Crude superorganism.” Human Nature 10: 253– 89.

———. 2005. Not by Genes alone. Chicago: university of Chicago Press.
ricklefs, robert. 2001. The economy of Nature. 5th ed. new york: freeman.
ricks, thomas. 2006. Fiasco: The american Military adventure in Iraq. new york: 

Penguin.
———. 2009. The Gamble: General Petraeus and the american Military adventure 

in Iraq. new york: Penguin.
ridley, Charles. 1973. “educational theory and Practice in late imperial China: 

the teaching of Writing as a specific Case.” Phd thesis, stanford university.
rikhye, ravi, et al. 2010. Concise World armies 2009. alexandria, va: General 

data llC. http://www.globalsecurity.org.



referenCes × 361

riley, nancy, and James McCarthy. 2003. Demography in the age of Postmodern-
ism. Cambridge, uK: Cambridge university Press.

roaf, Michael. 1989. “’ubaid social organization and social activities as seen 
from tell Madhhur.” in elizabeth Henrickson and ingolf thuesen, eds., upon 
This Foundation: The ’ubaid Reconsidered: 91– 146. Copenhagen: Museum 
tusculanum.

———. 1990. Cultural atlas of Mesopotamia. new york: facts on file.
roberts, Benjamin, et al. 2009. “the development of Metallurgy in eurasia.” an-

tiquity 83: 1012– 22.
roberts, Keith. 2010. Pike and Shot Tactics 1590– 1660. oxford: osprey.
roberts, Michael. 1967. essays in Swedish History. london Weidenfeld & 

nicholson.
robinson, david M., et al. 1929– 52. excavations at olynthus. 14 vols. Baltimore: 

Johns Hopkins university Press.
rodger, n. a. M., ed. 2004. a Naval History of Britain II: 1649– 1815. Cambridge, 

uK: Cambridge university Press.
rogers, Clifford, ed. 1995. The Military Revolution Debate: Readings on the Mili-

tary Transformation of early Modern europe. Boulder, Co: Westview.
———, ed. 2010. The oxford encyclopedia of Medieval Warfare and Military Tech-

nology. oxford: oxford university Press.
rose, susan. 2002. Medieval Naval Warfare, 1000– 1500. london: routledge.
rosenthal, Jean- laurent, and Bin Wong. 2011. Before and Beyond Divergence: The 

Politics of economic Change in China and europe. Prince ton: Prince ton uni-
versity Press.

rossabi, Morris. 1988. Khubilai Khan: His Life and Times. Berkeley: university of 
California Press.

rostow, Walt. 1960. The Stages of economic Growth: a Non- Communist Mani-
festo. 1st ed. Cambridge, uK: Cambridge university Press.

roth, Jonathan. 1999. The Logistics of the Roman army at War, 264 BC– aD 235. 
leiden: Brill.

rothenberg, Gunther. 1978. The art of Warfare in the age of Napoleon. Blooming-
ton: indiana university Press.

———. 2006. The Napoleonic Wars. Washington, dC: smithsonian.
rowe, William. 2009. China’s Last empire: The Great Qing. Cambridge, Ma: 

Harvard university Press.
rowland, david. 2006. The Stress of Battle: Quantifying Human Performance in 

Combat. london: HMso.
rowlands, Michael. 1988. “a Question of Complexity.” in daniel Miller et al., 

eds., Domination and Resistance: 29– 40. london: allen & unwin.
rowlandson, Jane. 1996. Landowners and Tenants in Roman egypt: The Social Re-

lations of agriculture in the oxyrhynchite Nome. oxford: Clarendon.
rowney, don Karl, ed. 1984. Soviet Quantitative History. Beverly Hills, Ca: sage.
rozman, Gilbert. 1973. urban Networks in Ch’ing China and Tokugawa Japan. 

Prince ton: Prince ton university Press.



362 × referenCes

rubinger, richard. 2007. Popular Literacy in early Modern Japan. Honolulu: uni-
versity of Hawaii Press.

ruitenbeek, Klaas. 1993. Carpentry and Building in Late Imperial China. leiden: 
Brill.

sabin, Philip. 2007. Lost Battles: Reconstructing the Great Clashes of the ancient 
World. london: Continuum.

———. 2012. Simulating War: Studying Conflict through Simulation Games. lon-
don: Continuum.

sabin, Philip, et al., eds. 2008. The Cambridge History of Greek and Roman War-
fare. 2 vols. Cambridge, uK: Cambridge university Press.

safar, fuad, et al. 1981. eridu. Baghdad: state organization of antiquities and 
Heritage.

sagara, ambuj, and adil najam. 1998. “the Human development index: a Criti-
cal review.” ecological economics 25: 249– 64.

sage, steven. 1992. ancient Sichuan and the unification of China. albany: state 
university of new york Press.

sakharov, andrei. 1990. Memoirs. new york: Knopf.
salamon, M., et al. 2008. “the Consilience of Historical and isotopic approaches 

in reconstructing the Medieval Mediterranean diet.” Journal of archaeologi-
cal Science 35: 1667– 72.

saliba, George. 2007. Islamic Science and the Making of the european Renaissance. 
Cambridge, Ma: Mit Press.

saller, richard. 2005. “framing the debate over Growth in the ancient economy.” 
in Manning and Morris, ancient economy, 223– 38.

salmon, Pierre. 1974. Population et dépopulation dans l’empire romain. Brussels: 
latomus.

sanderson, M. 1972. “literacy and social Mobility in the industrial revolution in 
england.” Past and Present 56: 75– 104.

sanderson, stephen. 1990. Social evolutionism: a Critical History. oxford: 
Blackwell.

savage, stephen. 1981. The Theories of Talcott Parsons. new york: st. Martin’s.
sawyer, Jack, and robert levine. 1966. “Cultural dimensions: a factor analysis 

of the World ethnographic sample.” american anthropologist 68: 708– 31.
sawyer, ralph. 2011. ancient Chinese Warfare. new york: Basic Books.
saxe, arthur. 1970. “social dimensions of Mortuary Practices.” Phd thesis, uni-

versity of Michigan.
scheidel, Walter. 2001. “Progress and Problems in roman demography.” in Walter 

scheidel, ed., Debating Roman Demography: 1– 81. leiden: Brill.
———. 2002. “a Model of demographic and economic Change in roman egypt 

after the antonine Plague.” Journal of Roman archaeology 15: 97– 114.
———. 2003. “Germs for rome.” in Catharine edwards and Greg Woolf, eds., 

Rome the Cosmopolis: 158– 76. Cambridge, uK: Cambridge university Press.
———. 2004. “Creating a Metropolis: a Comparative demographic Perspective.” 



referenCes × 363

in William Harris and Giovanni ruffini, eds., ancient alexandria between 
egypt and Greece: 1– 31. leiden: Brill.

———. 2007. “demography.” in scheidel et al., Cambridge economic History, 
38– 86.

———. 2009a. “in search of roman economic Growth.” Journal of Roman ar-
chaeology 22: 46– 70.

———. 2009b. “the Monetary systems of the Han and roman empires.” in 
scheidel, Rome and China, 137– 207.

———, ed. 2009c. Rome and China: Comparative Perspectives on ancient World 
empires. new york: oxford university Press.

———. 2010a. “Physical Wellbeing in the roman World.” version 3.0. Prince ton/
stanford Working Papers in Classics no. 091001. http://www.prince ton.edu/ 
~pswpc/.

———. 2010b. “real Wages in early economies: evidence for living standards 
from 1800 BCe to 1300 Ce.” Journal of the economic and Social History of 
the orient 53: 425– 62. Prince ton/stanford Working Papers in Classics no. 
090904. http://www.prince ton.edu/~pswpc/.

———. 2010c. “roman Wellbeing and the economic Consequences of the ‘anto-
nine Plague.’” version 3.0. Prince ton/stanford Working Papers in Classics no. 
011001. http://www.prince ton.edu/~pswpc/.

scheidel, Walter, and steven friesen. 2009. “the size of the economy and the dis-
tribution of income in the roman empire.” Journal of Roman Studies 99: 61– 
91. Prince ton/stanford Working Papers in Classics no. 010901. http://www 
.prince ton.edu/~pswpc/.

scheidel, Walter, ian Morris, and richard saller, eds. 2007. The Cambridge eco-
nomic History of the Greco- Roman World. Cambridge, uK: Cambridge uni-
versity Press.

schepartz, lynne, et al., eds. 2009. New Directions in the Skeletal Biology of Greece. 
Prince ton: american school of Classical studies.

schmandt- Besserat, denise. 1992. Before Writing. 2 vols. austin: university of 
texas Press.

schmidt, B., and W. Gruhle. 2003. “Klimaextreme in römischen zeit—ein struk-
turanalyse dendrochronologische daten.” archäologisches Korrespondenzb-
latt 33: 421– 27.

schofield, roger. 1968. “the Measurement of literacy in Pre- industrial england.” 
in Goody, Literacy in Traditional Societies, 311– 25.

———. 1973. “dimensions of illiteracy, 1750– 1850.” explorations in economic 
History 10: 437– 54.

schudson, Michael. 1981. Discovering the News: a Social History of american 
Newspapers. new york: Basic Books.

scott- Gall, Hugo. 2001. “an interview with . . . Prof. ian Morris.” Goldman Sachs 
Fortnightly Thoughts 23 (december 15): 5– 7.

seeberg, vilma, ed. 1990. Literacy in China: The effect of the National Develop-
ment Context on Literacy Levels, 1949– 79. Bochum: Brockmeyer.



364 × referenCes

service, elman. 1962. Primitive Social organization: an evolutionary Perspective. 
1st ed. new york: random House.

———. 1975. origins of the State and Civilization. new york: academic Press.
shaanxi institute of archaeology. 2008. “the upper Paleolithic longwangcan site 

in shaanxi.” Chinese archaeology 8: 32– 36.
shackel, Paul. 2009. an archaeology of american Labor and Working Class Life. 

Gainesville: university of florida Press.
shanks, Michael, and Christopher tilley. 1987. archaeology and Social Theory. 

oxford: Polity.
———. 1992. Re- Constructing archaeology: Theory and Practice. 2nd ed. london: 

routledge.
shanxi fieldwork team. 2005. “Monumental structure from Ceremonial Precinct 

at taosi Walled- town in 2003.” Chinese archaeology 5: 51– 58.
shao, Wangping. 2005. “the formation of Civilization: the interaction sphere of 

the longshan Period.” in Chang and xu, Formation of Chinese Civilization, 
85– 123.

shaughnessy, edward. 1988. “Historical Perspectives on the introduction of the 
Chariot into China.” Harvard Journal of asiatic Studies 48: 189– 237.

———. 1999. “Western zhou History.” in loewe and shaughnessy, Cambridge 
History of ancient China, 292– 351.

shaw, ian. 1991. egyptian Warfare and Weapons. oxford: shire Publications.
shennan, stephen. 2002. Genes, Memes and Human History: Darwinian archaeol-

ogy and Cultural evolution. london: thames & Hudson.
sherratt, andrew. 1997. economy and Society in Prehistoric europe. edinburgh: 

edinburgh university Press.
short, Philip. 1999. Mao: a Life. new york: owl Books.
sigalos, eleutherios. 2004. Housing in Medieval and Post- Medieval Greece. ox-

ford: British archaeological reports international series 1291.
silberbauer, G. 1981. Hunter and Habitat in the Central Kalahari Desert. Cam-

bridge, uK: Cambridge university Press.
simmons, ian. 1996. Changing the Face of the earth: Culture, environment, His-

tory. 2nd ed. oxford: Blackwell.
singer, Charles, et al. 1954– 57. a History of Technology. 5 vols. oxford: oxford 

university Press.
singer, Joel. 1980. The Correlates of War: Testing Some Realpolitik Models. new 

york: free Press.
singer, P. W. 2009. Wired for War: The Robotics Revolution and Conflict in the 21st 

Century. new york: Penguin.
sirks, a. 1991. “the size of the Grain distributions in imperial rome and Con-

stantinople.” athenaeum 79: 215– 37.
skinner, William, ed. 1977a. The City in Late Imperial China. stanford: stanford 

university Press.
———. 1977b. “introduction: urban development in imperial China.” in skinner, 

City in Late Imperial China, 3– 31.



referenCes × 365

slicher van Bath, B. H. 1963. The agrarian History of Western europe a.D. 500– 
1850. london: arnold.

smail, daniel. 2010. Goods and Debts in Mediterranean europe. draft manuscript.
smil, vaclav. 1983. Biomass energies: Resources, Links, Constraints. new york: 

Plenum.
———. 1991. General energetics. Boulder, Co: Westview.
———. 1994. energy in World History. Boulder, Co: Westview.
———. 2008. energy in Nature and Society: General energetics of Complex Sys-

tems. Cambridge, Ma: Mit Press.
———. 2010. Why america Is Not a New Rome. Cambridge, Ma: Mit Press.
smiley, Jane. 2011. “Who Cares What a robot thinks? you Will.” Washington Post, 

January 30. http://www.washingtonpost.com/wp-dyn/content/article/2011/ 
01/28/ar2011012806988.html.

smith, a. H. v. 1997. “Provenance of Coals from roman sites in england and 
Wales.” Britannia 28: 297– 324.

smith, adam t. 2003. The Political Landscape. Berkeley: university of California 
Press.

smith, anthony d. 1973. The Concept of Social Change: a Critique of the Func-
tionalist Theory of Social Change. london: routledge Kegan Paul.

smith, elizabeth, and Michael Wolfe, eds. 1998. Technology and Resource use in 
Medieval europe: Cathedrals, Mills, and Mines. aldershot, uK: variorum.

smith, Michael, et al. 2012. “archaeology as a social science.” Proceedings of the 
National academy of Sciences 109: 7617– 21.

smith, Paul, and richard von Glahn, eds. 2003. The Song- Yuan- Ming Transition in 
Chinese History. Cambridge, Ma: Harvard university Press.

smith, thomas C. 1955. Political Change and Industrial Development in Japan: 
Government enterprise, 1868– 1880. stanford: stanford university Press.

snodgrass, anthony. 1980. “iron and early Metallurgy in the Mediterranean.” in 
theodore Wertime and James Muhly, eds., The Coming of the age of Iron: 
335– 74. new Haven: yale university Press.

———. 1989. “the Coming of the iron age in Greece: europe’s first Bronze/iron 
transition.” in Marie- louise stig- sørenson and richard thomas, eds., The 
Bronze- Iron Transition in europe: 1:22– 35. oxford: British archaeological 
reports international series 483.

———. 1994. “response: the archaeological aspect.” in ian Morris, ed., Classical 
Greece: ancient Histories and Modern archaeologies: 197– 200. Cambridge, 
uK: Cambridge university Press.

so, Kwan- wai. 1975. Japanese Piracy in Ming China during the Sixteenth Century. 
east lansing: Michigan state university Press.

solow, andrew. 2005. “Power laws without Complexity.” ecology Letters 8: 
361– 63.

soltow, lee, and e. stevens. 1981. The Rise of Literacy and the Common School in 
the united States: a Socioeconomic analysis to 1870. Chicago: university of 
Chicago Press.



366 × referenCes

sørenson, Brent. 2009. “energy use by eem neanderthals.” Journal of archaeo-
logical Science 36: 2201– 5.

sørenson, Brent, and W. leonard. 1997. “Comparative Primate energetics and 
Hominid evolution.” american Journal of Physical anthropology 102: 265– 81.

———. 2001. “neanderthal energetics and foraging efficiency.” Journal of Human 
evolution 40: 483– 95.

spalinger, anthony. 2005. War in ancient egypt: The New Kingdom. oxford: 
Wiley- Blackwell.

spence, Jonathan. 1990. The Search for Modern China. new york: norton.
spencer, Herbert. 1857. “Progress: its laws and Cause.” Westminster Review 67: 

445– 85.
———. 1874– 96. The Principles of Sociology. 3 vols. new york: appleton.
srinivasan, t. n. 1994. “Human development: a new Paradigm or reinvention of 

the Wheel?” american economic Review 84: 238– 43.
stager, lawrence. 1985. “the archaeology of the family in ancient israel.” Bul-

letin of the american Schools of oriental Research 260: 1– 35.
standage, tom. 2007. The victorian Internet: The Remarkable Story of the Tele-

graph and the Nineteenth Century’s on- Line Pioneers. new york: Walker & 
Co.

starr, Paul. 2005. The Creation of the Media: Political origins of Mass Communica-
tion. new york: Basic Books.

steckel, rick, and Jerome rose, eds. 2002. The Backbone of History: Health and 
Nutrition in the Western Hemisphere. Cambridge, uK: Cambridge university 
Press.

steinby, eva Margareta, ed. 1993– 2000. Lexicon Topographicum urbis Romae. 6 
vols. rome: Quasar.

steinhardt, nancy. 1990. Chinese Imperial City Planning. Honolulu: university of 
Hawaii Press.

steinmetz, sebald. 1898– 99. “Classification des types sociaux.” L’année Soci-
ologique 3: 43– 147.

stephan, robert. forthcoming. “House size, living standards, and economic 
Growth in the roman World.” Phd dissertation, stanford university.

stephens, W. B. 1976. “illiteracy in devon during the industrial revolution, 1754– 
1844.” Journal of educational administration and History 8: 1– 5.

———. 1977. “illiteracy and schooling in the Provincial towns, 1640– 1870.” in d. 
reeder, ed., urban education in the Nineteenth Century: 27– 40. london: 
taylor and francis.

stève, M.- J., and Hermann Gasche. 1971. L’acropole de Suse. Paris: Mémoires de la 
délégation archéologique française en iran 46.

stone, lawrence. 1964. “the educational revolution in england, 1560– 1640.” Past 
and Present 28: 41– 80.

———. 1969. “literacy and education in england 1640– 1900.” Past and Present 42: 
69– 139.

storey, Glenn. 1997. “the Population of ancient rome.” antiquity 71: 966– 78.



referenCes × 367

———, ed. 2006. urbanism in the Preindustrial World: Cross- Cultural approaches. 
tuscaloosa: university of alabama Press.

street, Brian. 1984. Literacy in Theory and Practice. Cambridge, uK: Cambridge 
university Press.

———. 1987. “orality and literacy as ideological Constructions: some Problems 
in Cross- Cultural studies.” Culture and History 2: 7– 30.

streusand, douglas. 2010. The First Gunpowder empires: The ottomans, Safavids, 
and Mughals. Boulder, Co: Westview.

swanson, r. n. 1999. The Twelfth- Century Renaissance. Manchester, uK: Man-
chester university Press.

swope, Kenneth. 2005. “Crouching tigers, secret Weapons: Military technology 
employed during the sino- Japanese- Korean War, 1592– 1598.” Journal of Mil-
itary History 69: 11– 42.

———. 2009. a Dragon’s Head and a Serpent’s Tail: Ming China and the First 
Great east asian War, 1592– 1598. norman: university of oklahoma Press.

tafoya, dennis. 2010. The effective organization: Practical application of Com-
plexity Theory and organizational Design to Maximize Performance in the 
Face of emerging events. london: routledge.

tainter, Joseph. 1975. “social inference and Mortuary Practices: an experiment in 
numerical Classification.” World archaeology 7: 1– 15.

———. 1978. “Mortuary Practices and the study of Prehistoric social systems.” 
advances in archaeological Method and Theory 1: 105– 41.

———. 1988. The Collapse of Complex Societies. Cambridge, uK: Cambridge uni-
versity Press.

tao, dawei, et al. 2011. “starch Grain analysis for Groundstone tools from neo-
lithic Baiyinchanghan site: implications for their function in northeast 
China.” Journal of archaeological Science 38: 3577– 83.

tatje, terrence, and raoul naroll. 1970. “two Measures of societal Complexity.” 
in naroll and Cohen, Handbook of Method in Cultural anthropology, 766–
 833.

taylor, James. 1983. Lanchester Models of Warfare. 2 vols. arlington, va: opera-
tions research society of america.

tchernia, andré. 1986. Le vin de l’Italie romaine: essai de l’histoire économique 
d’après les amphores. Paris: École française à rome.

teltser, Patrice, ed. 1995. evolutionary archaeology. tucson: university of ari-
zona Press.

temin, Peter. 2006. “estimating GdP in the early roman empire.” in elio lo 
Cascio, ed., Innovazione tecnica e progresso economico nel mondo romano: 
31– 54. Bari: edipuglia.

thieme, H. 2005. “the lower Paleolithic art of Hunting.” in Clive Gamble  
and M. Parr, eds., The Hominid Individual in Context: 115– 32. london: 
routledge.

thomas, Keith. 1986. “the Meaning of literacy in early Modern england.” in G. 
Baumann, ed., The Written Word: 97– 131. oxford: oxford university Press.



368 × referenCes

thomas, rosalind. 1992. Literacy and orality in ancient Greece. Cambridge, uK: 
Cambridge university Press.

thompson, e. P. 1963. The Making of the english Working Class. london: victor 
Gollancz.

thorp, robert. 1983. “origins of Chinese architectural style: the earliest Plans 
and Building types.” archives of asian art 36: 22– 39.

———. 2006. China in the early Bronze age. Philadelphia: university of Pennsyl-
vania Press.

thrupp, sylvia. 1972. “Medieval industry 1000– 1500.” in Carlo Cipolla, ed., The 
Fontana economic History of europe I: The Middle ages: 221– 73. Glasgow: 
fontana.

tilly, Charles. 1984. Big Structures, Large Processes, Huge Comparisons. new 
york: russell sage foundation.

tomber, roberta. 2008. Indo- Roman Trade. london: duckworth.
totman, Conrad. 1989. The Green archipelago: Forestry in Preindustrial Japan. 

Berkeley: university of California Press.
———. 1993. early Modern Japan. Berkeley: university of California Press.
———. 2000. a History of Japan. oxford: Blackwell.
triandaphyllou, sevi, et al. 2008. “isotopic dietary reconstruction of Humans 

from Middle Bronze age lerna, argolid, Greece.” Journal of archaeological 
Science 35: 3028– 34.

trigger, Bruce. 1980. Gordon Childe: Revolutions in archaeology. london: thames 
& Hudson.

———. 1998. Sociocultural evolution. oxford: Blackwell.
———. 2003. understanding early Civilizations. Cambridge, uK: Cambridge 

university Press.
———. 2006. a History of archaeological Thought. 2nd ed. Cambridge, uK: Cam-

bridge university Press.
trinkaus, erik, and Hong shang. 2008. “anatomical evidence for the antiquity of 

Human footwear.” Journal of archaeological Science 35: 1928– 33.
tufte, edward. 2001. The visual Display of Quantitative Information. new york: 

Graphics Press.
turchin, Peter. 2003. Historical Dynamics: Why States Rise and Fall. Prince ton: 

Prince ton university Press.
———. 2006. War and Peace and War: The Life Cycles of Imperial Nations. new 

york: Pi Press.
———. 2009. “a theory for formation of large empires.” Journal of Global His-

tory 4: 191– 217.
———. 2011. “Warfare and the evolution of social Complexity: a Multilevel- 

selection approach.” Structure and Dynamics 4 (3): 1– 37.
turchin, Peter, et al. 2006. “east- West orientation of Historical empires and Mod-

ern nations.” Journal of World Systems Research 12: 218– 29.
turchin, Peter, and sergey nefedov. 2009. Secular Cycles. Prince ton: Prince ton 

university Press.



referenCes × 369

turner, Howard. 1997. Science in Medieval Islam. austin: university of texas 
Press.

twitchett, denis. 1957a. “the fragment of the t’ang ordinances of the depart-
ment of Waterways discovered at tun- huang.” asia Major 6: 23– 79.

———. 1957b. “the Monasteries and China’s economy in Medieval times.” Bul-
letin of the School of oriental and african Studies 19: 526– 49.

———. 1959. “lands under state Cultivation during the t’ang dynasty.” Journal 
of the economic and Social History of the orient 2: 162– 203, 335– 36.

———. 1961a. Land Tenure and the Social order in T’ang and Sung China. lon-
don: school of oriental and african studies.

———. 1961b. “some remarks on irrigation under the t’ang.” T’oung Pao 48: 
175– 94.

———. 1966. “the t’ang Market system.” asia Major 12: 202– 48.
———. 1968. “Merchant, trade, and Government in late t’ang.” asia Major 14: 

63– 95.
———. 2000. “tibet in tang’s Grand strategy.” in van de ven, Warfare in Chinese 

History, 106– 79.
tylor, edward. 1871. Primitive Culture: Researches into the Development of My-

thology, Philosophy, Religion, Language, art and Custom. 2 vols. london: 
John Murray.

ul Haq, Mahbub. 1995. Reflections on Human Development. new york: oxford 
university Press.

unger, richard. 1984. “energy sources for the dutch Golden age: Peat, Wind, and 
Coal.” Research in economic History 9: 221– 53.

united nations. 2006. 2003 energy Statistics Yearbook. new york: united 
nations.

united nations development Programme. 2011. Human Development Report 
2011: Sustainability and equity: a Better Future for all. new york: united 
nations development Programme.

upham, stedman. 1987. “a theoretical Consideration of Middle range societies.” 
in drennan and uribe, Chiefdoms in the americas, 345– 67.

valla, françois, et al. 1999. “le natufien final et les nouvelles fouilles à Mallaha 
(eynan), israel 1996– 1997.” Journal of the Israel Prehistoric Society 28: 
105– 76.

van Creveld, Martin. 2004. Supplying War: Logistics from Wallenstein to Patton. 
2nd ed. Cambridge, uK: Cambridge university Press.

van de Mieroop, Marc. 1997. The ancient Mesopotamian City. oxford: oxford 
university Press.

———. 2004. King Hammurabi of Babylon. oxford: Wiley- Blackwell.
———. 2010. a History of ancient egypt. oxford: Wiley- Blackwell.
van der spek, r. 2008. “Commodity Prices in Babylon, 385– 61 BC.” www.iisg.nl/

hpw/babylon.php.
van de ven, Hans, ed. 2000. Warfare in Chinese History. leiden: Brill.
van Geel, B., et al. 1996. “archaeological and Palynological indications of an 



370 × referenCes

abrupt Climate Change in the netherlands, and evidence for Climatological 
teleconnections around 2630 BP.” Journal of Quaternary Science 11: 451– 60.

van Wees, Hans. 2004. Greek Warfare. london: duckworth.
van zanden, Jan luit. 1999. “Wages and the standards of living in europe, 1500– 

1800.” european Review of economic History 3: 175– 98.
verbruggen, J. f. 1997. The art of War in Western europe during the Middle ages. 

amsterdam. 2nd ed. Woodbridge, uK: Boydell Press.
———. 2004. “the role of Cavalry in Medieval Warfare.” Journal of Medieval Mil-

itary History 3: 46– 71.
vermeij, Geerat. 2004. Nature: an economic History. Prince ton: Prince ton uni-

versity Press.
———. 2010. The evolutionary World: How adaptation explains everything from 

Seashells to Civilization. new york: tomas dune/st. Martin’s.
vika, efrossini. 2011. “diachronic dietary reconstructions in ancient thebes, 

Greece: results from stable isotope analysis.” Journal of archaeological Sci-
ence 38: 1157– 63.

vika, efrossini, et al. 2009. “aristophanes and stable isotopes: a taste for fresh-
water fish in Classical thebes (Greece)?” antiquity 83: 1076– 83.

vika, efrossini, and tatiana theodoropoulou. 2012. “re- investigating fish Con-
sumption in Greek antiquity: results from δ13C and δ15C analysis from fish 
Bone Collagen.” Journal of archaeological Science 39: 1618– 27.

vionis, a. 2006. “the archaeology of ottoman villages in Central Greece: Ceram-
ics, Housing and everyday life in Post- Medieval Boeotia.” in a. erkanal- 
Öktü et al., eds., Studies in Honour of Itayat erkanal: 784– 800. istanbul: 
Homer Kitabevi.

von falkenhausen, lothar. 1999. “the Waning of the Bronze age: Material Cul-
ture and social developments, 770– 481 BC.” in loewe and shaughnessy, 
Cambridge History of ancient China, 450– 544.

———. 2006. Chinese Society in the age of Confucius (1000– 250 BC). los angeles: 
Cotsen institute.

vroom, Johanna. 1998. “early Modern archaeology in Central Greece: the Con-
trasts of artefact rich and sherdless sites.” Journal of Mediterranean archae-
ology 11: 131– 64.

Wachsmann, shelley. 1998. Seagoing Ships and Seamanship in the Bronze age Le-
vant. College station: texas a&M university.

Wagner, donald. 1993. Iron and Steel in ancient China. leiden: Brill.
———. 2008. Science and Civilisation in China v: Chemistry and Chemical Tech-

nology. Part 11: Ferrous Metallurgy. Cambridge, uK: Cambridge university 
Press.

Waley- Cohen, Joanna. 2006. The Culture of War in China: empire and the Mili-
tary under the Qing Dynasty. london: i. B. tauris.

Wallace- Hadrill, andrew. 1994. Houses and Society in Pompeii and Herculaneum. 
Prince ton: Prince ton university Press.



referenCes × 371

Wang, zhiongshu. 1982. Han Civilization. trans. K. C. Chang. new Haven: yale 
university Press.

Ward, William, and Martha Joukowsky, eds. 1992. The Crisis Years: The 12th Cen-
tury BC. dubuque, ia: Kendall- Hunt.

Ward- Perkins, Bryan. 2005. The Fall of Rome and the end of Civilization. oxford: 
oxford university Press.

Watkins, t. 1990. “the origins of the House and Home?” World archaeology 21: 
336– 47.

Watson, andrew. 1982. agricultural Innovation in the early Islamic World. Cam-
bridge, uK: Cambridge university Press.

Welch, stephen. 2008. Chandragupta: Great Battles of the Mauryan empire, India, 
319– 261 BC. Hanford, Ca: GMt Games.

Wendt, alexander. 2003. “Why a World state is inevitable.” european Journal of 
International Relations 9: 491– 542.

Westad, odd arne. 2005. The Global Cold War. Cambridge, uK: Cambridge uni-
versity Press.

White, leslie. 1943. “energy and the evolution of Culture.” american anthropol-
ogist 45: 335– 56.

———. 1949. The Science of Culture. new york: Grove Press.
———. 1959. The evolution of Culture. new york: McGraw- Hill.
White, r., and Philip Barker. 1998. Wroxeter: Life and Death of a Roman City. 

london: tempus.
Wickham, Christopher. 2005. Framing the early Middle ages: europe and the 

Mediterranean 400– 800. oxford: oxford university Press.
Wilkins, Helen. 2009. “transformational Change in Proto- Buildings: a Quantita-

tive study of thermal Behavior and its relationship with social functional-
ity.” Journal of archaeological Science 36: 150– 56.

Willard, daniel. 1962. Lanchester as a Force in History: an analysis of Land Battles 
of the Years 1618– 1905. Mclean, va: research analysis Corporation.

Wilson, andrew. 2009a. “approaches to Quantifying roman trade.” in Bowman 
and Wilson, Quantifying the Roman economy, 213– 49.

———. 2009b. “indicators for roman economic Growth.” Journal of Roman ar-
chaeology 22: 46– 61.

Wilson, david sloan. 2002. Darwin’s Cathedral: evolution, Religion, and the Na-
ture of Society. Chicago: university of Chicago Press.

Wiseman, d. J. 1985. Nebuchadnezzar and Babylon. new york: oxford univer-
sity Press.

Wolf, Martin. 2011. “east and West Converge on a Problem.” Financial Times, 
January 11. http://www.ft.com/cms/s/0/4f590ec6-1dce-11e0-badd-00144feab 
49a.html#axzz1aqlsQCea.

Wolff, Hendrik, et al. 2011. “Classification, detection and Consequences of data 
error: evidence from the Human development index.” economic Journal 
121: 843– 70.

Wong, Bin. 1997. China Transformed. ithaca, ny: Cornell university Press.



372 × referenCes

Woolgar, C. M., et al., eds. 2009. Food in Medieval england: Diet and Nutrition. 
new york: oxford university Press.

Woolley, leonard, and Max Mallowan. 1976. ur excavations vII: The old Baby-
lonian Period. london: oxford university Press.

Wrangham, richard. 2009. Catching Fire. london: Profile.
Wrangham, richard, and dale Petersen. 1996. Demonic Males: apes and the ori-

gins of Human violence. new york: Mariner.
Wright, arthur. 1978. The Sui Dynasty. new york: Knopf.
Wright, Henry, and Gregory Johnson. 1975. “Population, exchange, an early state 

formation in southwestern iran.” american anthropologist 77: 267– 89.
Wright, Quincy. 1965. a Study of War. 2nd ed. Chicago: university of Chicago 

Press.
Wrigley, e. a. 1988. Continuity, Chance and Change: The Character of the Indus-

trial Revolution in england. Cambridge, uK: Cambridge university Press.
Wu, Hung. 1999. “the art and architecture of the Warring states Period.” in 

loewe and shaughnessy, Cambridge History of ancient China, 651– 744.
xiong, victor. 1999. “the land- tenure system of tang China: a study of the 

equal field system and the turfan documents.” T’oung Pao 85: 328– 90.
yadin, yigael. 1963. The art of Warfare in Biblical Lands. 2 vols. new york: 

McGraw- Hill.
yang, Hong. 2003. “Changes in urban architecture, interior design, and life-

styles between the Han and tang dynasties.” in Wu Hung, ed., Between Han 
and Tang: visual and Material Culture. Beijing: Wenwu.

yang, lien- sheng. 1947. “notes on the economic History of the Chin dynasty.” 
Harvard Journal of asiatic Studies 9: 107– 85.

yates, robin. 1999. “early China.” in raaflaub and rosenstein 1999: 7– 45.
yoffee, norman. 2005. Myths of the archaic State. Cambridge, uK: Cambridge 

university Press.
yokell, Carol. 2004. Modeling Socioeconomic evolution and Continuity in ancient 

egypt: The value and Limitations of zooarchaeological analyses. oxford: 
archeopress.

yon, M. 1997. La cité d’ougarit sur le tell de Ras Shamra. Paris: editions recherché 
sur les civilisations.

yoyotte, Jean, et al., eds. 1987. Tanis, l’or des pharaohs. Paris: Galeries nationals du 
grand palais.

yü, ying- shih. 1967. Trade and expansion in Han China: a Study in the Structure 
of Sino- Barbarian economic Relations. Berkeley: university of California 
Press.

zangger, eberhard, et al. 1997. “the Pylos regional archaeological Project, Part 
ii: landscape evolution and site Preservation.” Hesperia 66: 549– 641.

zhang, Jia- fu, et al. 2011. “the Palaeolithic site of longwangcan in the Middle 
yellow river valley, China.” Journal of archaeological Science 38: 1537– 50.

zhang, yue, et al. 2010. “zooarchaeological Perspectives on the Chinese early and 



referenCes × 373

late Paleolithic from the Ma’anshan site (Guizhou, southern China).” Jour-
nal of archaeological Science 37: 2066– 77.

zhang, zhongpei. 2005. “the yangshao Period: Prosperity and the transformation 
of Prehistoric society.” in Chang and xu, Formation of Chinese Civilization, 
43– 83.

zhao, dingxin. forthcoming. The Rise of the Confucian- Legalist State and Pat-
terns of Chinese History. Chicago: university of Chicago Press.

zhijun, z. 1998. “the Middle yangtze region in China is one Place Where rice 
Was domesticated: Phytolith evidence from the diaotonghuan Cave, north-
ern Jiangxi.” antiquity 77: 885– 97.

zurndorfer, Harriet. 2003. “Beyond sinology.” Journal of the economic and Social 
History of the orient 46: 355– 71.





Index

abacus, 224
abbasid caliphs, 195
abu Hureyra, 91– 92, 95, 96, 103, 134
abu-lughod, Janet, 149
accounting, 228
acorns, 132– 33
adad-nirari ii, 196
adams, robert McC., 153
adrianople, battle of, 189
agricultural revolution, 94
‘ain Mallaha, 65
aircraft carriers, 178, 179, 197
aK-47, 178
Åkerman, K., 152
akhenaten, 140
akkadian empire, 99, 153, 170, 250– 51
alexandria, 152, 256
allen, robert, 64, 65, 81, 121
alternating fields Method, 124
amarna, 140
amsterdam, 114
an lushan, 127, 209
anyang, 136, 137, 163– 64, 165
approximation, 39, 44, 106
arab conquests, 83, 89, 190
arctic small tool tradition, 256
aristotle, 152
assyrian empire, 140, 194, 196
athens, 18, 67, 146; literacy, 232
augustus, 192, 204
aztecs, 255– 56

B-2 stealth bomber, 179
Ba river, 160
Babylon, 67, 101, 152– 53, 161, 164
Bachrach, Bernard, 187– 88
Baghdad, 150

Bairoch, Paul, 149, 156– 57, 161
Baiyinchanghan, 132
Banpo, 133– 34
Basta, 154
Battle of ancients and moderns, 252
Battleships, 179
Bayonets, 186
Beeches Pit, 90
Beidha, 154
Beijing, 44, 156– 57, 165, 166, 173, 206; pop-

ulation, 154, 171; wages, 114
Benn, Charles, 158
Biddle, stephen, 183
Big Bang of Human Consciousness, 218
Biological evolution. See evolution
Biomass, 56, 59, 63, 64, 67, 69, 70, 71, 75, 76, 

113
Biomes, 257, 259
Black death, 149, 188
Boas, franz, 8– 9
Bows and arrows, 256. See also longbows
Boxer rebellion, 200
Braudel, fernand, 154
Bronze. See metallurgy
Bronze vessels, ancient Chinese, 136
Brown, Peter, 83– 84
Buck, John, 120
Buddhism, 127
Burials, 14, 17
Byzantium, 85, 208

Caesar, Julius, 190, 245
Cao Cao, 159
Cairo, 149– 50
Cameron, averil, 151
Carneiro, robert, 13– 14, 17, 23, 50, 51, 

257– 58



376 × index

Carthage, 194
Çatalhöyük, 96, 154
Chan river, 160
Chandler, tertius, 145– 46, 148– 53, 157, 163
Chang’an, 44, 127, 145, 157– 60, 172, 209
Charcoal, 118
Chariots, 212– 13, 256
Charles viii (france), 186– 87
Chase, Kenneth, 216– 17
Chengdu, battle of, 213
Chiefdoms, 21
Childe, v. Gordon, 9– 10
Christian, david, 153, 157
Cipolla, Carlo, 231
Circular error probable, 178
Cities, 40– 41, 100, 144– 72; definition, 162
City site compared with energy capture, 

166– 71
Clark, Gregory, 57, 79, 85, 108– 109
Climate change, 71– 72, 82, 91, 93, 289 n. 144
Coal, 70, 113, 116– 18
Coefficient of reproducibility, 14
Coevolution, 15
Coinage. See money supply
Complexity theory, 18– 19
Composite index of national Capability, 

197– 98
Communist Party, Chinese, 221
Confucius, 245
Constantinople, 148– 50
Cook, earl, 54– 58, 75, 104– 105
Coon, Carleton, 12
Copper. See metallurgy
Cordoba, 150
Corvus, 208
Crete, Minoan, 99
Crossbows, 186, 256
Cultivation, 93, 110, 255
Cultivation/domestication distinction, 132– 

34, 142– 43
Cultunit, 22– 23
Cultural revolution, Chinese, 201
Customs and excise, 138
Cyberattacks, 198
Cyprus, 101

dadiwan, 164
dahecun, 134
damascus, 245
darwin, Charles, 8, 13, 16
darwinian archaeology, 15, 19– 20
datong, 159
davies, norman, 30

dawkins, richard, 263
daxingcheng, 158– 59
deforestation, 73
dehumanization, 45– 46
deng xiaoping, 201
destructive power, 175
determinism, environmental, 1; genetic, 2
diamond, Jared, 15– 16, 29, 256– 57
diaotonghuan Cave, 130, 133
dien, albert, 126
differentiation, 7, 10– 14, 17– 18, 50
diocletian, 81
dong zhuo, 159
dols, Michael, 149
domestication, 93– 94, 110, 255, 257. See 

also cultivation/domestication 
distinction

donghulin, 132
draft animals, 255
dreadnoughts, 176, 179. See also HMs 

Dreadnought
dunnell, robert, 15
dunnigan, James, 198– 99, 202
dupuy, trevor nevitt, 174
dutch republic, 203

east, definition, 30– 32
economist Pocket World in Figures, 144
education, Chinese, 234– 35; islamic, 231; 

Japanese, 234
egypt, ancient, 73, 99, 120, 140, 170, 250– 51, 

255
eighth air force, united states, 176
einstein, albert, 26
elvin, Mark, 113, 120, 157
energy capture, 11, 40, 47– 48, 53– 143 pas-

sim; definition, 53– 54
energy density, 69– 70
engels, friedrich, 8
ephesus, 101
equal field system, 127
eridu, 96, 97
erligang, 163
erlitou, 136, 137, 140, 164, 165
euphrates valley, 93
european Military revolution, 186, 199
evolution, biological, 19– 20, 260– 63; cul-

tural/social, 7– 24, 260– 63; criticisms, 
8– 9; multilinear vs. unilinear, 51, 258– 60

evolutionary universals, 10, 13, 20
evolutionism, classical, 8, 9, 12. See also 

neo-evolutionism
excalibur GPs ammunition, 179



index × 377

fallout, radioactive, 176
falsification, 39, 239– 48
feng, 137, 162, 163
fengchang-nanshui, 164
ferguson, James, 22
feudalism, 231
fishing, late medieval, 88
flame cyberattack, 198
fletcher, roland, 145
food/nonfood calories distinction, 56– 57, 

85, 88, 90, 91, 94, 95, 98, 109, 134, 135, 
142

fortifications, 187, 256
fossil fuel, 113, 120, 143
frank, andre Gunder, 122, 149
fried, Morton, 14
friesen, steve, 68, 69, 76, 81
froissart, Jean, 204
fuller, dorian, 132– 33, 134
functional prerequisites, 13, 20
functionalism, 9
fushao, lady, 212

Game theory, 19
Gates, Charles, 152
Genghis Khan, 206
Gesher Benot ya’aqov, 90
Giardina, andrea, 84
Gibbon, edward, 83
Giddens, anthony, 19, 22
Giza, 98
GMt Games, 175, 206
Golas, Peter, 117
Goldsmith, raymond, 69
Gould, stephen Jay, 260
Government, 98, 100
Grand Canal, 127, 158, 173
Granovetter, Mark, 23
Great Wall of China, 214
Greece, ancient, 1, 18, 46, 71– 73, 145, 165
Grinding stones, 132
Guangdong, 118
Guided weapons, 178, 179
Gunpowder, 186
Gupta, akhil, 22
Gustavus adolphus, 186

Habitus, 45
Haldon, John, 149– 51
Hammurabi, 153
Han dynasty, 123
Han river, 213
Hangzhou, 44, 118, 156, 157, 172

Hao, 162
Hard ceiling, 143; military, 214
Hartwell, robert, 117– 18
Harvard university, 15
Hawaii, 271 n. 78
Hemudu, 133
Herodotus, 152
Hideyoshi toyotomi, 199– 200, 203, 205
High equilibrium trap, 113, 120– 21
Hilly flanks, 93– 94, 133
HMs Dreadnought, 176
HMs victory, 184
Hobhouse, leonard, 12
Homo erectus/ergaster, 90, 218
Homo habilis, 89– 90
Homo sapiens, 90, 218
Hopkins, Keith, 69
Houma, 138
Housing, 142; Bronze age, 98– 99; early 

human, 91; early iron age, 101; early 
modern european, 88; Greek, 72; Han 
dynasty, 125– 45; prehistoric, 95– 96; 
roman, 74– 75; song dynasty, 118; tang 
dynasty, 127

Hsu, Cho-yun, 124
Huanbei, 163
Huang Chao, 157
Human development index. See united 

nations Human development index
Human relations area files, 12, 21
Hutouling, 132
Hyoid bones, 218

ice age, 29, 30
inca, 13, 255– 56
india, 75
industrious revolution, 114
information technology, 41, 218– 37 passim; 

points, 221– 28
intercontinental ballistic missiles, 176, 197
international institute of strategic studies, 

177
international Medieval logistics Project, 

149
iraq wars (1991, 2003), 199
iron. See metallurgy
irrigation, 83, 120, 127, 138
istanbul. See Constantinople

Japan, literacy, 234; military forces, 199– 200
Jerf al-ahmar, 93
Jericho, 96, 154
Jerusalem, 189



378 × index

Jia sixie, 124, 127
Jiahu, 132, 133, 134, 165, 235
Jiang lepin, 132
Jiangzhai, 165
Jin (state of), 209
Jocelyn, lord robert, 173, 204
Jonah, 152
Jones, eric, 149
Jordan valley, 93
Jurchens, 206
Justinian, 195

Kadesh, battle of, 192
Kaifeng, 44, 118, 157, 172
Kalashnikov. See aK-47
Kalhu. See nimrud
Kangxi, 204
Karras, Panagiotis, 318 n. 11
Khusrau ii, 189
Klasies river Cave, 218
Klein-Goldewijk, Geertje, 74
Koguryo, 208
Korea, 125
Kron, Geofrey, 73, 74
Kuhn, dieter, 157, 158

lagos (nigeria), 40
lanchester, frederick William, 174
landholding, private, 137
lapidus, ira, 150
lee-enfield rifle, 178
leipzig, battle of, 114
lepanto, battle of, 190
Levée en masse, 184
lewis, Mark, 126
li Bing, 138
li Kui, 138
li xueqin, 138
liangchengzhen, 164
linzi, 160– 61, 162
literacy, craft, 233; definition, 219, 221; 

scribal, 233
liu li, 132, 164, 165
lo Cascio, elio, 76
london, 43, 44, 114, 148– 49, 165
long-term lock-in theories, 2, 60, 113, 246
longbows, 186
longshan period, 164
longwangcan, 132
lopez, robert, 85
louis xiv, 187
lu (state of), 137, 138
lucky latitudes, 29

luoyang, 158– 60, 162– 63
luoyi. See luoyang
luttwak, edward, 84

M16 rifle, 178
M777 howitzer, 178
Macartney, lord, 245
Maddison, angus, 63, 64, 69, 75– 76, 87, 113, 

120– 21
Maisels, Charles, 154
Malanima, Paolo, 76, 77– 80
Malinowski, Bronislaw, 9
Malthus, thomas, 56, 57, 109, 142, 263
Malthusian trap, 94, 108
Manchus, 206
Mann, Michael, 5, 22
Mao zedong, 173
Marco Polo, 157
Margins of error. See approximation
Marxism, 9– 10, 14
Materialism, 253
Mathematization, 23
Maxim gun, 178
Maynard smith, John, 19
McGuire, randall, 50
Mcnett, Charles, 21
Megafauna extinction, 257
Memphis (egypt), 152, 153, 163, 165
Mencius, 135
Metallurgy, bronze, 98, 136, 141, 212, 256; 

cast iron, 138; copper, 117– 18; iron, 101– 
102, 117, 123– 24, 125, 138

Mexico City, 148
Miaodigou, 133– 34
Milan, 114
Milanovic, Branko, 85
Military Balance, The, 177
Millet, 130, 132, 134
Mines, ancient Chinese, 136, 138
Ming dynasty, 114, 203; navy, 203
Moche culture, 255
Modernity, 258
Money supply, ancient, 125, 127, 138
Mongolia, 118
Monte testaccio, 74, 77
Moore’s law, 220
Morgan, lewis Henry, 8
Mote, frederick, 156
Mountain, armine, 204
Mozan, 99
MP18 submachine gun, 178
Multicropping, 138
Mumbai, 40



index × 379

Mureybet, 93, 154
Murphey, rhoads, 122
Muskets, 184, 186; flintlock, 178; matchlock, 

178

nanhai 1 shipwreck, 118
nanjing, 156
nanzhuangtou, 132
napoleon, 187
narmer, 192
naroll, raoul, 12, 17, 22– 23, 43
natufian culture, 91
natural experiments, 253
neanderthals, 90, 218
nefertiti, 140
neo-evolutionism, 11, 14– 15, 16, 253. See 

also evolutionism
new institutional economics, 15
new york City, 43, 144– 45, 148
nieboer, Hans, 12
nimrud, 152
nineveh, 152, 256
nomad anomaly, 205
nonfood calories. See food/nonfood calo-

ries distinction
nuclear weapons, 176, 177, 197, 201
numeracy, definition, 221

oaxaca, 254
ohalo, 91, 103
olynthus, 72, 100
opium War, first, 173
opper, isaac, 248– 52
oral culture, 227– 28
ottoman empire, 206, 207

Paddleboats, 127, 208
Pamuk, sevket, 86
Parker, Geoffrey, 186
Parsimony, 20
Parsons, talcott, 10, 14
Pastoralism, 259
Pengtoushan, 132, 133
Penidho velho, 73
People’s liberation army, 178, 201
People’s liberation army navy, 201
Pepy ii, 195
Period of disunion, 209, 210
Perkins, dwight, 113, 120
Persepolis, 101
Peru, 254
Peterson, Christian, 165
Philip ii (spain), 204

Pigs, 135
Pingcheng, 159
Pinglu, 209
Pingyang, 159
Plague, antonine, 82, 189; Justinianic, 150. 

See also Black death
Plows, 82, 94, 124
Pollution, 73, 119
Pomeranz, Kenneth, 5, 34, 51, 69, 114, 121
Population density, 145
Pottery, fast wheel, 136; invention, 96, 130. 

See also Monte testaccio
Price edict. See diocletian
Printing press, 224
Progress, 20
Property rights, 137
Proto-industrialization, 114

Qermez dere, 93
Qi Jiguang, 203
Qi xia, 117
Qianlong, 204, 245
Qin, first emperor, 160; state of, 138, 

213– 14
Qing dynasty, 114
Quantification, 3, 4, 23, 24, 26, 45– 46, 51– 

52, 219, 228, 231
Quantified Judgment Model, 174
Quipu, 224– 25
Qufu, 160– 61

ramses ii, 105, 195
real wages, 142; ancient Mediterranean, 66– 

68; early modern Chinese, 114; late me-
dieval/early modern european, 87

revolution in Military affairs, 199
rice, 124, 130, 135
ritual revolution (zhou), 136
roaf, Michael, 96
roberts, Michael, 186
rome, 1, 35; energy capture, 67; GdP/cap-

ita, 68– 71, 101; literacy rates, 232; popu-
lation, 40, 44, 145, 151– 52, 160, 172; 
wages, 67

rostow, Walt, 10
rozman, Gil, 157, 158
russo-Japanese War, 201

sabin, Philip, 175
samurai, 200
sagalassos, 80
sanxingdui, 163
sanyangzhuang, 124– 25



380 × index

sargon of akkad, 192
são Paolo, 148
scale analysis, 13– 14, 51
scalogram, 13– 14
scheidel, Walter, 66– 67, 76, 81, 106, 125,  

152
schöningen, 90
secondary Products revolution, 94, 104, 

133– 34
seljuk empire, 208
sen, amartya, 27
service, elman, 14, 21
settlement patterns, 14
shaanxi, 120
shalmaneser iii, 194
shandong, complex societies, 137, 170
shang dynasty, warfare, 212
shanghai, 114, 154
shangshan, 132, 134
shanks, Michael, 20, 23
sharkalisharri, 195
shelach, Gideon, 165
Shi ji. See sima Qian
shipwrecks, 73, 118
short-term accident theories, 60, 113, 246
sichuan, 138
sima Qian, 161, 213
sima Wu, 136
sino-Japanese War, 200
skinner, William, 157, 158
smil, vaclav, 69– 70, 76– 77
social development, definition, 5– 6, 12– 13
social development index, chronological 

measurement intervals, 32– 34; methods 
of calculation, 42– 45; spatial units, 34– 
38; trait election, 39– 42; weighting, 
42– 43

social power, 5
society, definitions, 22– 23
song dynasty, energy, 113, 117– 19
soviet union, 15
speech, 218
spencer, Herbert, 7– 8, 16, 50
spinning machines, 118
ss-9 missile, 176
stanford university, 15, 16
starch residues, 132
stature, 73, 74, 88, 100, 101
states, 98
steel, 138
steinmetz, sebald, 12
stephan, robert, 74
steppes, 125, 138, 141

stirrups, 188
stone, lawrence, 231
stratigraphy, 9
structuration, 45
stuxnet cyberattack, 198
suleiman the Magnificent, 190
sumer, 153
susa, 96, 140, 153– 54
suzhou, 114
sweyhat, 99

taiwan strait, 197
taizong, 207
tamerlane, 206
tang dynasty, 127
tanis, 152
taosi, 137, 164, 170, 250– 51
tarim Basin, 141
tea, 127
tell Brak, 99, 153, 154
tell leilan, 99
tell Madhhur, 96
temples, 96, 98, 101
teotihuacan, 255, 256
thebes (egypt), 152– 53, 164
third intermediate Period, 152
tibet, 209
tigris valley, 93
tilley, Christopher, 20, 23
tilly, Charles, 18
Time on the Cross, 3
tinghai, 173
tokyo, 41, 43, 114, 144, 154, 171
tongling, 136
tonglüshan, 138
tools, farming, 75, 82, 96, 98, 101– 102, 117, 

123– 24, 125, 132– 35, 138
traits, 12– 13, 27– 28, 39– 42
“tsar Bomba,” 176
turchin, Peter, 4, 23
turks, 189– 90. See also ottoman empire, 

seljuk empire
tylor, edward, 8

ubaid period, 96
ugarit, 100
ul-Haq, Mahbub, 27
umayyad caliphs, 195
united national Human development 

index, 3, 27– 28
units of analysis, 34– 38, 51
university of California– los angeles, 15
ur, 67, 99, 140, 153, 170



index × 381

uruk, 99, 105, 140, 153, 154, 165
urbanism/urbanization. See cities

valley of Mexico, 254
van zanden, Jan, 66,85
vandals, 151
varna, battle of, 203
vienna, siege of, 190
von falkenhausen, lothar, 162

Wagner, donald, 117, 138
Wang anshi, 207
Wang Mang, 123
War, 41
War games, 175, 206
Washington, dC, 166
Watermills, 82, 118, 127
Weaving, 96
Wei (state of), 138
Wei valley, 132, 162, 213
Well field system, 135
Wen, duke, 213
Wendi, 208
West, definition, 30– 32
Western civilization, 1– 2
Wheat wage, 66
Wheeled vehicles, 96, 255
White, leslie, 10– 11, 14, 40, 53
Wickham, Christopher, 150, 151
Wrigley, e. a., 57
Wu, king, 213
Wu zetian, 158
Wudi, 210
Wuding, 212
Wuyang, 160– 61

xianbei, 159
xianyang, 160
xiaowen, 159, 208
ximen Bao, 138
xin dynasty, 123
xinzheng, 160– 61
xiongnu, 206, 10
xipo, 165
xizong, 158
xuchang, 159

yahgan, 13
yale university, 12
yangzi, delta, 114, 120, 121; valley, 120, 127, 

132, 208, 209
yaowengcheng, 164
ye, 159
yongle, 207
younger dryas, 93, 102, 130, 134
yuan dynasty, 113
yucatan, 254
yuchanyan Cave, 130

zang Wenzhong, 138
zhang Jia-fu, 132
zhao Guo, 124
zheng Guo Canal, 160
zheng He, 207, 245
zhengtong, 207
zhengzhou, 136, 137, 140, 162, 163– 64,  

165
zhou, Plain of, 162
zhu Wen, 158
zunghars, 204




	Cover
	The MEASURE of CIVILIZATION
	Title
	Copyright
	Dedication
	CONTENTS
	List of Illustrations
	List of Tables
	Preface
	1 Introduction: Quantifying Social Development
	2 Methods and Assumptions
	3 Energy Capture
	4 Social Organization
	5 War-Making Capacity
	6 Information Technology
	7 Discussion: The Limits and Potential of Measuring Development
	Notes
	References
	Index
	ILLUSTRATIONS
	1.1 Carneiro’s scalogram
	2.1 The lucky latitudes
	2.2 The early expansion of the West, 9000–4000 BCE
	2.3 The early expansion of the East, 6000–1500 BCE
	2.4 The shifting locations of the Eastern and Western cores
	2.5 Eastern and Western energy capture, 14,000 BCE–2000 CE
	2.6 Eastern and Western social development scores, 14,000 BCE–2000 CE
	3.1 Earl Cook’s diagram of energy consumption at different stages of social development
	3.2 Western energy capture, 14,000 BCE–2000 CE (linear-linearplot)
	3.3 Western energy capture, 14,000 BCE–2000 CE (log-linearplot)
	3.4 Western energy capture, 1700–2000 CE
	3.5 Economic growth and collapse in the first millennia BCE and CE, as documented by shipwrecks and lead pollution
	3.6 Estimated Western energy capture, 500 BCE–200 CE and 1700–2000 CE
	3.7 Real wages of unskilled workers, 1300–1800 CE
	3.8 Western energy capture, 500 BCE–2000 CE
	3.9 Western energy capture, 14,000 BCE and 500 BCE–2000 CE
	3.10 Millennium-by-millennium estimates of Western energy capture,14,000 BCE–2000 CE
	3.11 House remains from Abu Hureyra, Syria
	3.12 Temple remains from Eridu, Iraq
	3.13 Alternative methods for estimating Western energy capture, 14,000–500 BCE
	3.14 Western energy capture, 14,000 BCE–2000 CE, assuming lower Roman rates and higher early modern rates
	3.15 Comparison of the actual estimates of Western energy capture, 1500 BCE–2000 CE, with the assumption of lower Roman and higher early modern scores
	3.16 Gregory Clark’s reconstruction of income per person across the past three thousand years
	3.17 Eastern energy capture, 14,000 BCE–2000 CE (linear-linear plot)
	3.18 Eastern energy capture, 14,000 BCE–2000 CE (log-linear plot)
	3.19 Agricultural productivity in Europe and China, 1300–1800 CE
	3.20 Real wages in Europe and Asia, 1738–1918 CE
	3.21 Eastern and Western energy capture, 1800–2000 CE
	3.22 Song and modern energy capture in the East, 1000–1200 and 1800–2000 CE, plotted against Western energy capture
	3.23 The “high-equilibrium trap”
	3.24 Rhoads Murphey’s impressionistic graph of the rise of the West and decline of the East, 1600–2000 CE
	3.25 Eastern energy capture in the second millennium CE
	3.26 Ancient, medieval, and modern energy capture in the East, 200 BCE–200 CE and 1000–2000 CE, plotted against Western energy capture
	3.27 Three methods of estimating Eastern energy capture, 200–1000 CE
	3.28 Eastern and Western energy capture, 200 BCE–2000 CE
	3.29 Eastern energy capture, 14,000–9500 BCE and 200 BCE–2000 CE
	3.30 Three ways of estimating Eastern energy capture, 9500–200 BCE
	3.31 Eastern and Western energy capture, 9500–200 BCE
	4.1 Eastern and Western largest city sizes, 8000 BCE–2000 CE
	4.2 Western energy capture plotted against city size on a log-linear scale, 14,000 BCE–2000 CE, measured in social development points
	4.3 Eastern energy capture plotted against city size on a log-linear scale, 14,000 BCE–2000 CE, measured in social development points
	4.4 Western energy capture plotted against city size on a linear-linear scale, 14,000 BCE–2000 CE, measured in social development points
	4.5 Eastern energy capture plotted against city size on a linear-linear scale,14,000 BCE–2000 CE, measured in social development points
	4.6 The size of the largest Eastern and Western settlements, 4000–1500 BCE
	4.7 The size of the largest Eastern and Western settlements, 1000 BCE–1500 CE
	4.8 Largest known settlements and levels of community organization since the Ice Age
	5.1 Eastern and Western war-making capacity, 3000 BCE–2000 CE (linear-linear scale)
	5.2 Eastern and Western war-making capacity, 3000 BCE–2000 CE (log-linear scale)
	5.3 Eastern and Western war-making capacity, 3000 BCE–2000 CE, decreasing all scores before 2000 CE by 50 percent
	5.4 Eastern and Western war-making capacity, 3000 BCE–2000 CE,plotted on a log-linear scale and decreasing all scores before 2000 CE by 50 percent
	5.5 Eastern and Western war-making capacity, 3000 BCE–2000 CE, decreasing scores before 1900 CE
	5.6 Eastern and Western war-making capacity, 3000 BCE–2000 CE, plotted on a log-linear scale and decreasing scores before 1900 CE
	5.7 Eastern and Western war-making capacity, 1300–1900 CE
	5.8 Eastern and Western war-making capacity, 1–1500 CE
	5.9 Eastern and Western war-making capacity, 1–2000 CE
	5.10 Eastern and Western war-makingcapacity, 1–1900 CE
	5.11 Eastern and Western war-makingcapacity, 1–1800CE 
	5.12 Three ways of estimating Western war-makingcapacity, 3000–1 BCE
	5.13 Eastern and Western war-makingcapacity, 3000–1 BCE
	5.14 Alternative quantitative estimates of the East: West military balance, 2000 CE
	5.15 Eastern and Western war-making capacity in the age of military revolution, 1500–1900 CE
	5.16 Eastern and Western war-makingcapacity, 200 BCE–1600 CE
	5.17 Western energy capture plotted against war-making capacity on a log-linear scale, 14,000 BCE–2000 CE, measured in social development points
	5.18 Eastern energy capture plotted against war-making capacity on a log-linear scale, 14,000 BCE–2000 CE, measured in social development points
	5.19 The military hard ceiling, 500 BCE–1600 CE
	6.1 Eastern and Western information technology, 4000 BCE–2000 CE (linear-linear scale)
	6.2 Eastern and Western information technology, 4000 BCE–2000 CE (log-linear scale)
	6.3 Eastern and Western information technology, 4000 BCE–2000 CE (scores modified for printing)
	6.4 Eastern and Western information technology, 4000 BCE–2000 CE (log-linear scale, scores modified for printing)
	6.5 Western energy capture plotted against information technology on a log-linear scale, 14,000 BCE–2000 CE, measured in social development points
	6.6 Eastern energy capture plotted against information technology on alog-linearscale, 14,000 BCE–2000 CE, measured in social development points
	7.1 Eastern and Western social development scores, 14,000 BCE–2000 CE, on a log-linear scale
	7.2 Eastern and Western social development scores, 14,000 BCE–2000 CE, on a log-linearscale, increasing all Western scores 10 percent and decreasing all Eastern scores 10 percent
	7.3 Eastern and Western social development scores, 14,000 BCE–2000 CE, on a log-linear scale, decreasing all Western scores 10 percent and increasing all Eastern scores 10 percent
	7.4 Eastern and Western social development scores, 14,000 BCE–2000 CE, on a log-linear scale, increasing all Western scores 20 percent and decreasing all Eastern scores 20 percent
	7.5 Eastern and Western social development scores, 14,000 BCE–2000 CE, on a log-linear scale, decreasing all Western scores 20 percent and increasing all Eastern scores 20 percent
	7.6 The social development scores seen on a log-linear scale, showing logs of the sums and sums of the logs
	7.7 Broad stages of ancient cultural development in five regions of the world
	7.8 The shape of things to come? Projecting Eastern and Western social development scores into the twenty-first century CE

	TABLES
	2.1 Western and Eastern core regions, 14,000 BCE–2000 CE
	3.1 Western energy capture, 14,000 BCE–2000 CE
	3.2 Estimates of Roman GDP/capita
	3.3 Energy densities
	3.4 Eastern energy capture, 14,000 BCE–2000 CE
	4.1 Western maximum settlement sizes, 8000 BCE–2000 CE
	4.2 Eastern maximum settlement sizes, 4000 BCE–2000 CE
	5.1 War-making capacity since 4000 BCE
	5.2 Factors driving the military revolution, ca. 1400–1700 CE
	6.1 Western information technology scores
	6.2 Eastern information technology scores
	7.1 Western social development scores, trait by trait, 14,000 BCE–2000 CE
	7.2 Eastern social development scores, trait by trait, 14,000 BCE–2000 CE
	7.3 Percentage of total social development scores accounted for by energy capture


